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Special
Symbols

a-level set  acrisp set of elements belong-
ing to a fuzzy set at least to a degrae

Ay ={x € X | palx) 2 o}

See als@risp setfuzzy set

Af common symbol for bandwidth, in
hertz.
€1GaAs common symbol for gallium ar-

senide relative dielectric constartgaas =
12.8.

€rSi common symbol for silicon relative
dielectric constante,sj = 11.8.

€0 symbol for permitivity of free space.
€0 = 8.849 x 10~ 12 farad/meter.

€ common symbol for relative dielectric
constant.

7% common symbol for permeability of
free space constantug = 1.257 x 10716
henrys/meter.

Wy common symbol for relative perme-
ability.
w common symbol for radian frequency

in radians/secondo = 2 - 7 - frequency.

6,  common symbolfor positive transition
angle in degrees.

0_ common symbol for negative transi-
tion angle in degrees.

6cond  cOmmon symbol for conduction an-
gle in degrees.

06sat common symbol for saturation angle
in degrees.

Occ common symbol for FET channel-
to-case thermal resistanceci@/watt.

0;c  common symbolfor bipolarjunction-
to-case thermal resistance’i@/watt.

A* common symbol for Richardson’s
constant.A* = 8.7 amperescm/°K

BVsp See gate-to-drain breakdown
voltage
BVgs See gate-to-source breakdown
voltage

dv/dt rate of change of voltage with-
stand capability without spurious turn-on of

nDC common symbol for DC to RF con-
version efficiency. Expressed as a percent-
age.

Na common symbol for power added ef-

ficiency. Expressed as a percentage.

Ny common symbol for total or true effi-
ciency. Expressed as a percentage.

Copt common symbol for source reflec-
tion coefficient for optimum noise perfor-
mance.
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the device.

H,; Seentrinsic coercive force

N, common symbol for excess noise in

watts.

ngh
watts.

common symbol for shot noise in



n; common symbol for thermal noise in deux indices,”IRIA Rapport Laboria,No.
watts. 31, Sept. 1973.

10base2 a type of coaxial cable used to 2-D Fornasini-Marchesinimodel a2-D

connect nodes on an Ethernet network. Themodel described by the equations

10 refers to the transfer rate used on standard

Ethernet, 10 megabits per second. The base *i+Llj+1 = Aoxij + A1xit1,j

means that the network uses baseband com- + Aoxi j+1+ Bu;; (la)

munication rather than broadband communi- yij = Cx;ij + Du;j (1b)

cations, and the 2 stands for the maximum

length of cable segment, 185 meters (almosti, / € Z+ (the set of nonnegative integers)

200). This type of cable is also called “thin” herex;; € R" is the local state vector,

Ethernet, because it is a smaller diameter ca#ij € R™ is the input vectory;; € R’ is

ble than the 10base5 cables. the output vectodd, (k = 0,1,2), B,C, D
are real matrices. A 2-D model described by

10base5 a type of coaxial cable used to the equations

connect nodes on an Ethernet network. The

10 refers to the transfer rate used on stan-

dard Ethernet, 10 megabits per second. The + Biuit1,j + Bouj j11 (2)

base means that the network uses baseband . .

communication rather than broadband com-;:’ J € Zy and (1hb) IS F:alledd Thehsecond 2D

munications, and the 5 stands for the max- ornasini-Marchesini model, whetg, u;,

: . andy;; are defined in the same way as for (1),

imum length of cable segment of approxi- A BJ (k = 0, 1.2) are real matrices. The

mately 500 meters. This type of cable is also m];deli 1) o a’pa’\rticular case of (2) '

called “thick” Ethernet, because it is a larger ’

diameter cable than the 10base?2 cables.

Xi+1,j+1 = A1xiy1,; + A2xi j+1

2-D general model a 2-D model de-

10baseT a type of coaxial cable used to scribed by the equations

connect nodes on an Ethernet network. The Xi+1j+1 = AoXi j + A1xit
10 refers to the transfer rate used on standard 4 Aox 1a1 + Bous;
Ethernet, 10 megabits per second. The base Bt Y

means that the network uses baseband com- + Biuiv1j + Baui j+1
munication rather than broadband communi- yij = Cxjj + Du;;
cations, and the T stands for twisted (wire) . .

cable. i,j € Z (the set of nonnegative integers)
herex;; € R" is the local state vecton,; €
2-D Attasimodel ~ a2-D model described K" 1S theinputvectory;; € R”is the output
by the equations vectoranddg, B; (k =0, 1, 2),C, D arereal
matrices. In particular case f®; = B, =0
we obtain the first 2-D Fornasini—-Marchesini
model and forAg = 0 andBg = 0 we obtain
the second 2-D Fornasini—Marchesini model.

Xi+1,j+1 = —A1A2x; j + A1xi41,j
+ A2x; j+1+ Bu;j
yij = Cxij + Du;;
o 2-D polynomial matrix equation  a 2-D

i, j € Z4 (the set of nonnegative integers). equation of the form
Here x;; € R" is the local state vector,
u;j € R™ is the input vectory;; € R” is AX+BY =C D
the output vector, and, Az, B, C, D are
real matrices. The model was introduced bywhereA € R**?[s], B € RK*4[s], C €
Attasi in “Systemes lineaires homogenes aR**" [s] are given, by a solution to (1) we
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mean any pai € RP*™ [s],Y € R?7*™[s]
satisfying the equation.
[A, B, C] and[A, B, Q] are column equiva-
lent or the greatest common left divisor &f
andB is aleft divisor ofC. The 2-D equation

AX+YB=C (2

A € R¥*P[s], B € RT*"[s], C € R**™ [s]

are given, is called the bilateral 2-D polyno-

The algorithm is based on the row compres-

The equation (1) sion of suitable matrices.
has a solution if and only if the matrices

2-D Z-transform F(z1,z2) of a dis-

crete 2-D functionf;; satisfying the condi-
tion fij = Ofori < Oorlandj < Qs

defined by

oo o0 ) .
Fiz) =YY fiz1'z’

i=0 j=0

mial matrix equation. By a solutionto (2) we An 2-D discretef;; has the 2-D Z-transform

mean any paiX € RP*" [s], Y € RK*4[s]

if the sum

satisfying the equation. The equation has a

solution if and only if the matrices

AO and AC
0B 0B
are equivalent.

2-D Roesser model a 2-D model de-
scribed by the equations

xih—t-l,j — A1 A xl’hj + By Ui
x;{j_i_l A3z Ay xi”j By | Y
i, j € Z4 (the set of nonnegative integers),
yij = C | ¥ |+ Duij
ij
Herex!. € R™ andx’ e R"2 are the hori-

[o.clNe ¢
—i_—Jj
> s

i=0 j=0
exists.

2DEGFET Seehigh electron mobility
transisto(HEMT).

2LG  Seedouble phase ground fault

3-dB bandwidth for a causal low-pass
or bandpass filter with a frequency function
H (jw) the frequency at whichH (jw) |45

is less than 3 dB down from the peak value
| H(wp) |.

3-level laser  a laser in which the most
important transitions involve only three en-

zontal and vertical local state vectors, respec-€rgy states; usually refers to a laser in which

tively, u;; € R™ is the input vectory;; € R?
is the output vector and i, Az, As, As, B1,

the lower level of the laser transition is sepa-
rated from the ground state by much less than

By, C, D are real matrices. The model was the thermal energiT. Contrast with4-level
introduced by R.P. Roesser in “A discrete laser
state-space model for linear image process-

ing,” IEEE Trans. Autom. ContrAC-20,
No. 1, 1975, pp. 1-10.

2-D shuffle algorithm  anextension of the

3-level system a quantum mechanical

system whose interaction with one or more
electromagnetic fields can be described by
considering primarily three energy levels.

Luenberger shuffle algorithm for 1-D case. For example, the cascade, vee, and lambda
The 2-D shuffle algorithm can be used for systems are 3-level systems.

checking the regularity condition
det[Ez1zp — Ao — A121 — A2z2] #0
forsome(zs, z2) € C xC ofthe singular gen-

eral model Seesingular 2-D general modgel
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4-level laser  a laser in which the most
important transitions involve only four en-
ergy states; usually refers to a laser in which
the lower level of the laser transition is sep-
arated from the ground state by much more



than the thermal energyT. Contrast with  ty of the image. For example a leak factor of
3-level laser % the prediction decay is maintained at the

center of the dynamic range.
45 Mbs DPCM for NTSC color video

a codec wherein a subjectively pleasing pic-
! - . ) _ 31, __
ture is required at the receiver. This does X, =128+ (X — 128) .
not require transparent coding quality typical 32
of TV signals. The output bit-rate for video Finally, a clipper at the coder and decoder

matches the DS3 4436 Megabits persecond is employed to prevent quantization errors.
rate. The coding is done by PCM coding the

NTSC composite video signal at three times 90% withstand voltage  a measure of
the color subcarrier frequency using 8 bit per the practical lightning or switching-surge im-
pixel. Prediction of current pixel is obtained pulse withstand capability of a piece of power
by averaging the pixel three after current and equipment. This voltage withstand level is
681 pixels before next to maintain the sub- two standard deviations above the BIL of the
carrier phase. A leak factor is chosen beforeequipment.

computing prediction error to main the quali-

fn

POWEREN.IR

©2000 by CRC Press LLC



two-port networks. Sometimes referred to
as chain parameters. ABCD parameters are
widely used to model cascaded connections
A of two-port microwave networks, in which
case the ABCD matrix is defined for each
two-port network. ABCD parameters can

o __ _ also be used in analytic formalisms for prop-
a posteriori probability ~ Seeposterior  agating Gaussian beams and light rays. Ray

statistics matrices and beam matrices are similar but
are often regarded as distinct.
a priori probability ~ Seeprior statistics ABC parameters have a particularly use-
) ful property in circuit analysis where the
A-mode display returned ultrasound  composite’ ABCD parameters of two cas-
echoes displayed as amplitude versus deptiageq networks are the matrix products of
into the body. the ABCD parameters of the two individual

. . . _ circuits. ABCD parameters are defined as
A-site in a ferroelectric material with the

chemical formula ABQ, the crystalline lo- |:v11| B [A B] |:v2:|
i2

cation of the A atom. i1 CD

A/D  Seeanalog-to-digital converter wherev andwv; are the voltages on ports one
and two, and; andi are the branch currents

AAL  SeeATM adaptation layer into ports one and two.

ABC  Seeabsorbing boundary condition ~aberration  animperfection of an optical
system that leads to a blurred or a distorted

ABCD propagation of an optical ray image.

through a system can be described by a sim-

ple 2x2 matrix. In ray optics, the character- abnormalevent — any external or program-

istic of a system is given by the correspond- generated event that makes further normal

ing ray matrix relating the ray’s position from Program execution impossible or undesir-

the axis and slope at the input to those at the@ble, resulting in a system interrupt. Exam-
output. ples of abnormal events include system de-

tection of power failure; attempt to divide by
ABCD formalism  analytic method using 0; attempt to execute privileged instruction
two-by-two ABCD matrices for propagating Without privileged status; memory parity er-
Gaussian beams and light rays in a wide va-ror.

riety of optical systems. ) )
abort (1) in computer systems, to termi-

ABCD law analytic formula for trans- nate the attempt to complete the transaction,
forming a Gaussian beam parameter fromusually because there is a deadlock or be-
one reference plane to another in paraxial op-cause completing the transaction would re-
tics, sometimes called the Kogelnik transfor- sult in a system state that is not compati-

mation. ABCD refers to the ABCD matrix.  ble with “correct” behavior, as defined by a
consistency model, such as sequential con-

ABCD matrix the matrix containing sistency.

ABCD parametersSeeABCD parameters (2) in an accelerator, terminating the ac-
celeration process prematurely, either by in-

ABCD parameters  a convenient mathe- hibiting the injection mechanism or by re-

matical form that can be used to characterizemoving circulating beam to some sort of
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dump. This is generally done to prevent in- absolute sensitivity denotedS(y, x), Is
jury to some personnel or damage to accelersimply the partial derivative of with respect

ator components. tox, i.e., S(y,x) = Jy/dx, and is used to
establish the relationships between absolute
ABR  Seeavailable bit rate changesSeesensitivity, sensitivity measure

relative sensitivitysemi-relative sensitivity
absolute address  an address within an

instruction that directly indicates alocationin absolute stability =~ occurs when the net-

the program’s address spadeompare with  work function H (s) has only left half-plane
relative addressing poles.

absolute addressing anaddressing mode absorber  generic term used to describe

where the address of the instruction operandmaterial used to absorb electromagnetic en-

in memory is a part of the instruction so that ergy. =~ Generally made of polyurethane

no calculation of an effective address by the foam and impregnated with carbon (and fire-

CPU is necessary. retardant salts), it is most frequently used to
For example, in the Motorola M68000 ar- line the walls, floors and ceilings of anechoic

chitecture instruction ADD 5000,D1, a 16-bhit chambers to reduce or eliminate reflections

word operand, stored in memory at the word from these surfaces.

address 5000, is added to the lower word in

register D1. The address “5000” is an exam- absorbing boundary condition (ABC) a

ple of using the absolute addressing mode fictitious boundary introduced in differential

See als@addressing mode equation methods to truncate the computa-
tional space at a finite distance without, in
absolute encoder an optical device principle, creating any reflections.

mounted to the shaft of a motor consisting
of a disc with a pattern and light sources andabsorption (1) process that dissipates en-
detectors. The combination of light detectors ergy and causes a decrease in the amplitude
receiving light depends on the position of the and intensity of a propagating wave between
rotor and the pattern employed (typically the an input and output reference plane.
Gray code). Thus, absolute position infor-  (2) reduction inthe number of photons of a
mation is obtained. The higher the resolution specific wavelength or energy incident upon
required, the larger the number of detectorsa material. Energy transferred to the material
needed See als@ncoder may resultin a change in the electronic struc-
ture, or in the relative movement of atoms in
absolute moment The pth order absolute the material (vibration or rotation).

momentu, of a random variableX is the (3) process by which atoms or molecules
expectation of the absolute valueXfaised  stick to a surface. If a bond is formed, it is
to the pth power: termed chemisorption, while the normal case
is physisorption. The absorption process pro-
wp = E[|X[17. ceeds dueto, andis supported by, the fact that

this is a lower energy state.
See alsocentral momentcentral absolute
moment See als@xpectation absorption coefficient (1) inapassive de-
vice, the negative ratio of the power absorbed
absolute pressure units to measure gas (pabsorbed= Pin— Pout) fatioed to the powerin
pressure in a vacuum chamber with zero be-(pin = Pincident— Preflected PEr UNit length (1),
ing a perfect vacuum. Normally referred to usually expressed in units of 1/wavelength or
as psia (pounds per square inch absolute). 1/meter.
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(2) factor describing the fractional atten- rameter are closest to the parameters of an
uation of light with distance traversed in a ideal capacitor. Hence, not only a capaci-
medium, generally expressed as an exponentance is measured in terms of capacitance (in
tial factor, such ag in the functione=**, resistive ratio arms bridges), but the induc-
with units of (length)-1. Also called attenu- tance as well is measured in terms of capac-
ation coefficient. itance (Hay and Owen bridges).

The AC bridges with ratio arms that are
absorption cross section  energy ab- tightly coupled inductances allow measure-
sorbed by the scattering medium, normal- ment of a very small difference between cur-
ized to the wavenumber. It has dimensionsrents in these inductances, and this fact is
of area. used in very sensitive capacitance transduc-

ers.
absorption edge  the optical wavelength

or photon energy corresponding to the sep-ac circuit  electrical network in which the

aration of valence and conduction bands inyqtage polarity and directions of current flow

solids; at shorter wavelengths, or higher pho'change continuously, and often periodically.

ton energies than the absorption edge, the abyp 5 "such networks contain alternating cur-

sorption increases strongly. rents as opposed to direct currents, thereby
giving rise to the term.

absorption grating (1) a diffraction
g;&;t:qnugewhere alternate grating periods areac coupling  amethod of connecting two

) i ) circuits that allows displacement current to
(2_) an OF’“C?" grgtlng (.:haracterlzed.by flow while preventing conductive currents.
spatially periodic variation in the absorption Reactive impedance devices (e.g., capacitors
of light.- Absorption gratings are generally 5,y jnguctive transformers) are used to pro-
less efficient than phase gratings. vide continuity of alternating current flow
between two circuits while simultaneously

absorption optical fiber the amount of blocking the flow of direct current.

optical power in an optical fiber captured
by defect and impurity centers in the energy

bandgap of the fiber material and lost in the AC motor
form of longwave infrared radiation.

an electromechanical sys-

tem that converts alternating current electri-

cal power into mechanical power.

AC Seealternating current , ,
g AC plasma display a display that em-

ploys an internal capacitive dielectric layer

AC bridge one of a wide group of
g wice group to limit the gas discharge current.

bridge circuits used for measurements of re-

sistances, inductances, and capacitances, and

to provide AC signalin the bridge transducers AC Steady-state power  the average

including resistors, inductors, and capacitors.Power delivered by a sinusoidal source to a
The Wheatstone bridge can be used with network, expressed as

a sinusoidal power supply, and with an AC

detector (headphones, oscilloscope), one can P =V |-|I]cog6)

use essentially the same procedure for mea-

surement of resistors as in DC applications.where+/2- | V | and+/2- | I | are the peak

Only a small number of other AC bridges are values, respectively, of the AC steady-state

used in modern electric and electronic equip-voltage and current at the terminalg.rep-

ment. A strong selection factor was the fact resents the phase angle by which the voltage

that in a standard capacitor the electrical pa-leads the current.
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AC/AC converter a power electronics ation error to a constraint on the gain of the
device in which an AC input voltage of some open loop system. The relevant equations
magnitude, frequency, and number of phasesaree, = Kia andK, = lim_Hi,,f,yszq(s),

is changed to an AC output with changes towhere ¢ (s) is the transfer function model
any of the previously mentioned parameters.of the open loop system, including the con-
AC/AC converters usually rectify the input troller and the process in cascade, anid
source to a DC voltage and then invert the the Laplace variableSee alsgosition error
DC voltage to the desired AC voltage. constantvelocity error constant

AC/DC converter  Seerectifier. accelerator (1) a positive electrode in a

vacuum tube to accelerate emitted electrons
AC-DC integrated system a power sys- from its cathode by coulomb force in a de-
tem containing both AC and DC transmission sjred direction.

lines. (2) a machine used to impart large kinetic

) o energies to charged particles such as elec-
ACARS aircraft communications ad- rons. protons, and atomic nuclei. The ac-
dressing and reporting. A digital COMMU- ceerated particles are used to probe nuclear

nications link using the VHF spectrum for - gpnyclear phenomena in industrial and
two-way transmission of data between an air- medical applications.

craft and ground. It is used primarily in civil

aviation applications. acceptable delay  the voice signal de-

lay that results in inconvenience in the voice
communication. A typically quoted value is
300 ms.

ACC Seeautomatic chroma control

accelerated testing  tests conducted at

higher stress levels than normal operation but N . lerator. it defi
in a shorter period of time for the specific acceptance In an accelerator, it getines

purpose to induce failure faster. how "large" a beam will fit without scrap-

ing into the limiting aperture of a transport
line. The acceptance is the phase-space vol-
ume within which the beam must lie to be
1transmitted through an optical system with-
out losses. From an experimenters point
of view acceptance is the phase-space vol-
ume intercepted by an experimenter’s detec-
tor system.

accelerating power the excess electric
power at a synchronous machine unit which
cannot be transmitted to the load because o
a short circuit near its terminals. This energy
gives rise to increasing rotor angle.

acceleration error the final steady dif-
ference between a parabolic setpoint and the ) o ]
process output in a unity feedback control @c¢eptor (1) an impurity in a semicon-
system. Thus itis the asymptotic error in po- ductor that donates a free hole to the valence
sition that arises in a closed loop system thatPand-

is commanded to move with constantacceler-  (2) a dopant species that traps electrons,
ation. See als@osition erroyvelocity error  especially with regard to semiconductors.

acceleration error constant  a gaink, access channel achannelin a communi-
from which acceleration errog, is read- cations network that is typically allocated for
ily determined. The acceleration error con- the purpose of setting up calls or communi-
stant is a concept that is useful in the designcation sessions. Typically the users share the
of unity feedback control systems, since it access channel using some multiple access
transforms a constraint on the final acceler-algorithm such as ALOHA or CSMA.
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access control  a means of allowing ac- time until the desired data rotates under the
cess to an object based on the type of ac-head. (LW)
cess sought, the accessor’s privileges, and the

owner's policy. accidental rate  the rate of false coinci-

dences in the electronic counter experiment
produced by products of the reactions of more
than one beam particle within the time reso-
lution of the apparatus.

access control list  a list of items associ-
ated with a file or other object; the list con-
tains the identities of users that are permitted
access to the associated file. There is infor-
mation (usually in the form of a set of bits)
about the types of access (such as read, writedccumulation (1) an increase in the ma-
or delete) permitted to the user. jority carrier concentration of a region of
semiconductor due to an externally applied
access control matrix  a tabular repre- €lectric field.
sentation of the modes of access permitted
from active entities (programs or processes)accumulator (1) a register in the CPU
to passive entities (objects, files, or devices). processor) that stores one of the operands
Atypical format associates a row with an ac- prior to the execution of an operation, and
tive entity or subject and a column with an jnto which the result of the operation is
object; the modes of access permitted fromstored. An accumulator serves as an implicit
that active entity to the associated passive engoyrce and destination of many of the pro-
tity are listed in the table entry. cessor instructions. For example, register A

) o of the Intel 8085 is an accumulatd@ee also
access line  a communication line that cpy

connects a user’s terminal equipment to a o ) )
switching node. (2) the storage ring in which successive

pulses of particles are collected to create a
access mechanism a circuit board or an  Particle beam of reasonable intensity for col-
integrated chip that allows a given part of a liding beams.
computer system to access another part. This
is typically performed by using a specific ac- achievable rate region  for a multiple
cess protocol. terminal communications system, a set of

rate-vectors for which there exist codes such
access protocol  a set of rules that estab- that the probability of making a decoding er-
lishes communication among different parts. ror can be made arbitrarily smalSee also
These can involve both hardware and soft- Capacity regionmu|tip|e access channel
ware specifications.

achromatic  the quality of a transport line
or optical system where particle momentum
has no effect on its trajectory through the sys-
tem. In an achromatic device or system, the
output beam displacement or divergence (or
both) is independent of the input beam’s mo-
mentum. If a system of lenses is achromatic,
all particles of the same momentum will have
equal path lengths through the system.

access right  permission to perform an
operation on an object, usually specified as
the type of operation that is permitted, such
as read, write, or delete. Access rights can
be included in access control lists, capability
lists, or in an overall access control matrix.

access time  the total time needed to re-
trieve data from memory. For a disk drive
this is the sum of the time to position the
read/write head over the desired track and theACl Seeadjacent channel interference
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acknowledge (1)asignalwhichindicates another signal in a second cell, or with fixed
that some operation, such as a data transfersignals on a mask.
has successfully been completed.

(2) to detect the successful completion of acousto-optic deflector device  device
an operation and produce a signal indicatingwhere acousto-optic interaction deflects the
the success. incident beam linearly as a function of the

input frequency of the RF signal driving the

acoustic attenuation  the degree of am- device.
plitude suppression suffered by the acous-

tic wave traveling along the acousto-optic acousto-optic device descriptor of
medium. acousto-optic cells of any design; generally

describes a cell plus its transducer struc-

acousticlaser alaser (or maser) in which ture(s), and may encompass either bulk,
the amplified field consists of soundwaves or guided-wave, or fiber-optic devices.

phonons rather than electromagnetic waves;

phonon laser or phaser. acousto-optic effect  the interaction of

light with sound waves and in particular the

acoustic memory a form of circulating  mqgification of the properties of a light wave
memory in which information is encoded in ;s interactions with an electrically con-

acoustic waves, typically propagated throughyrqjiaple sound wave. See alsoBrillouin
a trough of mercury. Now obsolete. scattering

acoustic velocity the velocity of the
acoustic signal traveling along the acousto-
optic medium.

acousto-optic frequency excisor  similar

to an acousto-optic spectrum analyzer where
the RF temporal spectrum is spatially and se-
lectively blocked to filter the RF signal feed-

acoustic wave  a propagating periodic ing the Bragg cell.

pressure wave with amplitude representing
either longitudinal or shear particle displace-
ment within the wave medium; shear waves
are prohibited in gaseous and liquid media.

acousto-optic instantaneous spectrum an-
alyzerinBraggmode deviceinwhichthe
temporal spectrum of a radio frequency sig-
a device consisting of nal is instgntaneou;ly ar_1d spatially resolved
in the optical domain using a Fourier trans-
Xform lens and a RF signal-fed Bragg cell.

acousto-optic cell
a photo-elastic medium in which a propa-
gating acoustic wave causes refractive-inde
changes, proportional to acoustic wave am-

plitude, that act as a phase grating for diffrac- aC0usto-optic modulator  a device that
tion of light. See als®ragg cell modifies the amplitude or phase of a light

wave by means of the acousto-optic effect.

acousto-optic channelized radiometer

See acousto-optic instantaneous spectrumacousto-optic processor  an optical sys-

analyzer in Bragg mode temthatincorporates acousto-optic cells con-
figured to perform any of a number of math-

acousto-optic correlator — an optical sys- ematical functions such as Fourier trans-

tem that consists of at least one acousto-form, ambiguity transforms, and other time-

optic cell, imaging optics between cells and frequency transforms.

fixed masks, and photodetectors whose out-

puts correspond to the correlation function of acousto-optic scanner a device that uses

the acoustic wave signal within one cell with an acoustic wave in a photoelastic medium
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to deflect light to different angular positions acousto-optics  the area of study of in-
based on the frequency of the acoustic waveteraction of light and sound in media, and
its utilization in applications such as signal

acousto-optic space integrating convolver processing and filtering.
device that is the same as an acousto-optic
space integrating convolver except thatitim- ACP  Seeadjacent channel power
plements the convolution operation.

acquisition (1) in digital communica-
acousto-optic space integrating correlator ~ iONs systems, the process of acquiring syn-

an acousto-optic implementation of the cor- Chronism with the received signal.  There
relation function where two RF signals are &€ several levels of acquisitions, and for a
spatially impressed on two diffracted beams 9/V€N communication system several of them
from Bragg cells, and a Fourier transform Nave to be performed in the process of setting
lens spatially integrates these beams onto 4'P @ communication link: frequency, phase,
point sensor that generates a photo currenfPréading code, symbol, frame, etc.

representing the correlation function. (2) in analog communications systems,

the process of initially estimating signal pa-

acousto-optic spectrum analyzer an rameters (for example carrier frequency off-

acousto-optic processor that produces at azet, pgalse-offseft)hreqmre.d '3 o_rderl to begin
photodetector output array the Fourier de- emodulation of the received signal.

composition of the electrical drive signal of ~ (3) in vision processing, the process by
an acousto-optic device. which a scene (physical phenomenon) is

converted into a suitable format that al-
lows for its storage or retrieval.See also

acousto-optic time integrating convolver s
synchronization

same as the acousto-optic time integrating
correlator, exceptimplements the signal con-
volution operation. Seeacousto-optic time
integrating correlator

acrosstheline starter amotor starter that
applies full line voltage to the motor to start.
This is also referred to as “hard starting” be-
cause it causes high starting currents. Larger

acousto-optic t|rn§ mtegratlng. correlator motors require reduced voltage or “soft start-
an acousto-optic implementation of the cor- ina.”

relation function where two RF signals are
spatially impressed on two diffracted beams pcrr
from Bragg cells, and a time integrating sen-

sor generates the spatially distributed corre-pocsr  aluminum cable. steel-reinforced.

lation results. A kind of overhead electric power conduc-
tor made up of a central stranded steel cable

acousto-optic triple product processor overlaid with strands of aluminum.
signal processor thatimplements a triple inte-

gration operation using generally both spaceaCT Seeanticomet tail
and time dimensions.

Seeadjacent channel reuse ratio

action potential  a propagating change in
acousto-optic tunable filter (AOTF) an  the conductivity and potential across a nerve
acousto-optic device that selects specific op-cell's membrane; a nerve impulse incommon
tical frequencies from a broadband optical parlance.
beam, depending on the number and frequen-
cies of acoustic waves generated in the de-activation function  in an artificial neural
vice. network, a function that maps the net output
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of a neuron to a smaller set of values. Thisactiveload atransistor connected so asto
setis usually0, 1]. Typical functions are the replace a function that would conventionally
sigmoid function or singularity functions like be performed by a passive component such
the step or ramp. as a resistor, capacitor, or inductor.

active contour  a deformable template active load-pull measurement  a mea-

matching method that, by minimizing the Surement method where transfer characteris-
energy function associated with a specific ticS of a device can be measured by electri-
model (i.e., a specific characterization of the cally changing the load impedance seen from
shape of an object), deforms the model in the device. In an active load-pull measure-

conformation to salient image features. ment, the load impedance is defined by using
an output signal from the device and an in-

active device  a device that can convert jected signal from the output of the device.

energy from a DC bias source to a signal at
an RF frequency. Active devices are required
in oscillators and amplifiers.

active logic  a digital logic that operates
all of the time in the active, dissipative region
of the electronic amplifiers from which it is
constructed. The output of such a gate is

active filter (1) a filter that has an en- yetermined primarily by the gate and not by
ergy gain greater than one, thatis, a filter thatiha |0ad.

outputs more energy than it absorbs.

(2) a form of power electronic converter active magnetic bearing a magnetic
designed to effectively cancel harmonic cur- bearing that requires input energy for stable
rents by injecting currents that are equal andsupport during operation. Generally imple-
opposite to, or 180out of phase with, thetar- mented with one or more electromagnets and
get harmonics. Active filters allow the out- controllers.
put current to be controlled and provide sta-
ble operation against AC source impedanceactive mixer amixerthatusesthree termi-
variations withoutinterfering with the system nal devices such as FET rather than diodes as
impedance. nonlinear element. One advantage of active

The main type of active filter is the series MIX€rs is that they can provide conversion

type in which a voltage is added in series with 9&IN:
an existing bus voltage. The other type is the

parallel type in which a current is injected active network an electrical network
into the bus and cancels the line current har-that contains some solid state devices such as

monics. bipolar junction transistors (BJTs) or metal-
oxide-silicon field effect transistors (FETS)
operating in their active region of the volt-
age vs. current characteristic. To ensure that
these devices are operating in the active re-
gion, they must be supplied with proper DC
biasing.

active impedance the impedance at the
input of a single antenna element of an ar-
ray with all the other elements of the array
excited.

active layer  Seeactive region active neuron  a neuron with a non-zero
output. Most neurons have an activation

active learning  aform of machine learn- threshold. The output of such a neuron has

ing where the learning system is able to in- zero output until this threshold is reached.

teract with its environment so as to affect the

generation of training data. active power  Seereal power
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active power line conditioner a device ACTV Seeadvanced compatible tele-
which senses disturbances on a power linevision.
and injects compensating voltages or currents

to restore the line’s proper waveform. acuity  sharpness. The ability of the eye
to discern between two small objects closely
active RC filter an electronic circuit SPaced, as on a display.

made up of resistors, capacitors, and opera- - .
tional amplifiers that provide well-controlled adaptability  the capability of a system to

linear frequency-dependent functions, e.g.,changetosuitthe prevailing conditions, espe-
low-, high-, and bandpass filters. cially by automatic adjustment of parameters

through some initialization procedure or by

active redundancy ~ a circuit redundancy N9

technique that assures fault-tolerance by de- daptation | ol | ¢ |
tecting the existence of faults and performing adaptation layer - control layer of a mui-

some action to remove the faulty hardware,t'laﬁerlfontm"ec;’ S|tuate”d abO\I/e th;: d"ﬁft
e.g., by standby sparing. control layer and — usually — also above the

optimizing control layer, required to intro-
) . ) . duce changes into the decision mechanisms
active region semiconductor material of the layer (or layers) below this adaptation
doped such that electrons and/or holes arqayer; for example adaptation layer of the in-

fLeef_to T}O\k/)e. wheg (tjhe_matehrlal |s_b|ased__ In dustrial controller may be responsible for ad-
the final tabricated device, the active reglonsjustingthe model used by the optimizing con-

ahre usm:ally confl_n?d to very small portions of 1. anq the decision rules used by the direct
the waler material. (regulation) control mechanisms.

active-high (1) a logic signal having its  adapter a typical term from personal
asserted state as the logic ONE state. computers. A circuit board containing the
(2) a logic signal having the logic ONE interface toward an additional peripheral de-
state as the higher voltage of the two states. vice. For example, a graphic adapter (inter-
face boards like EGA, VGA, CGA), a game

active-low (1) a logic signal having its controller, a SCSI controller, a PCMCl inter-

asserted state as the logic ZERO state. ~ 1aCe; etc.

(2) a logic signal having its logic ONE

tat the | it fthe 1 at _adaptive algorithm (1) a method for ad-
state as the lower voltage of the two sta es’justing the parameters of a filter to satisfy an
inverted logic.

objective (e.g., minimize a cost function).

(2) an algorithm whose properties are ad-
actuator (1) a transducer that converts ,sied continuously during execution with
electrical, hydraulic, or pneumatic energy t0 the gpjective of optimizing some criterion.
effective motion. For example in robots, ac-
tuators set the manipulator in motion through adaptive antenna  antenna, or array of
actuation of the joints. Industrial robots gntennas, whose performance characteristics
are equipped with motors that are typically -5 pe adapted by some means; e.g., the
glectric_, hydraulic, or pneumaticSee also pattern of an array can be changed when
industrial robot the phasing of each of the array elements is

(2) in computers, a device, usually me- changed.
chanical in nature, that is controlled by a
computer, e.g., a printer paper mechanism oradaptive array ~ an array that adapts itself
a disk drive head positioning mechanism. to maximize the reception of a desired sig-
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nal and null all interfering or jamming sig- adaptive FIR filter a finite impulse re-
nals. This is achieved by finding the correct sponse structure filter with adjustable coef-
weights (input excitations) to the elements ficients. The adjustment is controlled by an
comprising the array. adaptation algorithm such as the least mean
square (LMS) algorithm. They are used
adaptive coding a coding scheme that extensively in adaptive echo cancellers and
adapts itself in some fashion to its input or equalizers in communication systems.
output.
adaptive fuzzy system  fuzzy inference
adaptive coding of transform coefficients system that can be trained on a data set
coding technique that is carried out by through the same learning techniques used
threshold sampling and exploiting masking for neural networks. Adaptive fuzzy systems
effects by variable quantization for differ- are able to incorporate domain knowledge
ent blocks. High detail blocks are coded about the target system given from human
with more quantization error than low de- experts in the form of fuzzy rules and numer-
tail blocks. This is done to take into ac- ical datain the form of input—output data sets
count masking and boundary distortion ef- of the system to be modele8ee alsmeural
fects. Transform coding becomes more at-network fuzzy inference system
tractive compared with DPCM when adap-
tive coding is used. The main drawback of adaptive intrafield predictors a tech-
adaptive transform coding is its sensitivity nique used for picture signal prediction based
to transmission bit errors due to synchro- on local properties of the signal or side infor-
nization problems at the decodeBee also mation if portions of local properties have
DPCM. not been transmitted. Intrafield methods re-
quire correlation with local information for
adaptive control  a control methodology prediction purposes.
inwhich control parameters are continuously A common technique is to use a mea-
and automatically adjusted in response tosure of the directional correlation based on
be measured/estimated process variables ttocal pixels that have already been transmit-
achieve near-optimum system performance. ted. A predictor is chosen from a set to give
minimum prediction error. For example, the
adaptive critic  learning technique where previous line or previous pixel can be used
the system learns to evaluate the actions of gor prediction, and the switching can then be
system (usually a controller) so as to provide done as follows:
a reinforcement signal that is an estimate of
the future value of the system’s current ac-

tion. NX = predictor for elemenk
. . . _JAifIB=Cl <|A—-B]
adaptive differential pulse code modula- ~ ] C otherwise

tion (ADPCM) a modulation scheme in

which only the difference between successive  An extension of this concept is called con-
signal samples is encoded for transmission tour prediction where the direction of pixél
and the quantization of the coding is adaptedis determined by searching amo#g B, C,

to the characteristics of the signal source. orG.

adaptive filtering  a filtering strategy in  adaptive logic network tree-structured

which filter coefficients or governing param- network whose leaves are the inputs and
eters evolve over time according to some up-whose root is the output. The first hidden
dating strategy to optimize some criterion. layer consists of linear threshold units and the
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remaining layers are elementary logic gates,the new pattern is added to that prototype’s
usually AND and OR gates. Each linear cluster and the prototype is adjusted so as
threshold unit is trained to fit input data in to move closer to the new input. If no pro-
those regions of the input space where it istotype is acceptable, the pattern becomes a
active (i.e., where it contributes to the overall new prototype around which a new cluster
network function). may develop.

adaptive manipulator controller ~ acon-  adaptive vector quantization  term that
troller that uses an adaptation process which refers to methods for vector quantization that
based on observation of the manipulator po-are designed to adaptively track changes in
sition and velocity, readjusts the parametersthe input signal.

in the nonlinear model until the errors dis-

appear. An adaptive manipulator controller ADC  Seeanalog-to-digital converter

is depicted in the figure below. Such a sys-

tem would learn its own dynamic properties. ADCPM  Seeadaptive differential pulse
The adaptive manipulator control scheme code modulation

add instruction a machine instruction
. q that causes two numeric operands to be added
q"—>®—'| oy ——|M°”‘DU'G'°' 9 together. The operands may be from machine
’_qu_‘ registers, memory, or from the instruction it-
cans || amns self, and the result may be placed in a ma-
_.@mﬂ chine register or in memory.
g 20 adder  alogic circuit used for adding bi-
30 nary numbers.

Adaptive manipulator control scheme. L. . .
additive acousto-optic processing

acousto-optic signal processing where the
summation of acousto-optic modulated light
waves is used to implement the signal pro-
cessing operation.

presented in the figure belongs to the joint
space control schemeSee alsqoint space
control

adaptive predictor  a digital filter whose  additive polarity ~ polarity designation of
coefficients can be varied, according to someg transformer in which terminals of the same
error minimization algorithm, such thatitcan polarity on the low- and high-voltage coils
predict the value of a signal s&y sampling  are physically adjacent to each other on the
time intervals into the future. The adaptive transformer Casing' With additive po|arity, a
predictor is useful in many interference can- short between two adjacent terminals results
cellation applications. in the sum of the two coil voltages appearing
between the remaining terminals. Additive
adaptive resonance theory (ART) network  polarity is generally used for transformers up
A clustering network developed to allow the to 500kVA and 34.5kV. Larger units use sub-
learning of new information without destroy- tractive polarity. See the diagram belc8ee
ing what has already been learnt. Each clus-alsosubtractive polarity
ter is represented by a prototype and learning
is achieved by comparing a new input pat- additive white Gaussian noise (AWGN)
tern with each prototype. If a prototype is the simplest form of channel degradation in
found that is acceptably close to that input, a communication system in which the source
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. . 2. A full decoder takesV bits and asserts

= 0000000000 o one of 2¥ outputs, and is used within mem-

ories (often within RAM chips themselves).

address error  an exception (error inter-
ZMWZ rupt) caused by a program’s attemptto access
unaligned words or long words on a proces-
sor that does not accommodate such requests.
The address error is detected within the CPU.
of errors in the channel can be modeled asThis contrasts with problems that arise in ac-
the addition of random noise with a Gaus- €Ssing the memory itself, where a logic cir-
sian distribution and a constant (white) power cuitexternalto the CPU itself must detectand
spectrum.See alsghermal noise signal the error to cause the CPU to process
the exception. Such external problems are
address  a unique identifier for the place called buserrors
where information is stored (as opposed to
the contents actually stored there). Moststor-address field  the portion of a program
age devices may be regarded by the user as HlStrUCtiOﬂ word that holds an address.
linear array, such as bytes or words in RAM
or sectors on a disk. The address is then jus@iddress generation interlock (AGI)  a
an ordinal number of the physical or logical mechanism to stall the pipeline for one cycle
position. In some disks, the address may bewhen an address used in one machine cycle
compound, consisting of the cylinder or track is being calculated or loaded in the previous
and the sector within that cylinder. cycle. Address generation interlocks cause
In more complex systems, the addressthe CPU to be delayed for a cycle. (AGls
may be a “name” that is more relevant to the on the Pentium are even more important to
user but must be translated by the under|yingremove, since two execution time slots are
software or hardware. lost).

Transformer with additive polarity.

address aliasing  Seecache aliasing address locking  a mechanism to protect
a specific memory address so that it can be

address bus  the set of wires or tracks accessed exclusively by a single processor.

on a backplane, printed circuit board, or in-

tegrated circuit to carry binary address sig- addressmap atable thatassociates abase

nals between different parts of a computer. address in main memory with an object (or

The number of bits of address bus (the width page) number.

of the bus) determines the maximum size of

memory that can be addressed. Modern mi-address mapping the translation of vir-

crochips have 32 address lines, thus 4 gigatual address into real (i.e., physical) ad-

bytes of main memory can be accessed. dresses for memory accesSee alswirtual

memory

address decoder logic that decodes an

address. addressregister aregister used primarily
1. A partial decoder responds to a small to hold the address of a location in memory.

range of addresses and is used when recogthe location can contain an operand or an

nizing particular device addresses on an I/Oexecutable instruction.

address bus, or when recognizing that ad-

dresses belong to a particular memory mod-address size prefix  a part of a machine

ule. instruction that provides information as to the
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length or size of the address fields in the in- addressing range  numbers that define
struction. the number of memory locations addressable
by the CPU. For a processor with one address
address space an area of memory seen or SPace, the range is determined by the number
used by a program and generally managed a€f signal lines on the address bus of the CPU.
a continuous range of addresses. Many com- ) )
puters use separate address spaces for cofiléquate service  in terms of the block-
and data; some have other address space89 Probability, term associated with a fixed
for system. An address space is usually subPlocking. A typically quoted value may be
ject to protection, with references to a space2- See alsdlocking

checked for valid addresses and access (such ]
as read only). adiabatic  a system that has no heat trans-

. fer with the environment.
The physical address space of a computer

(2% bytes, and up to? bytes) is often larger adiabatic cooling a process where the
than the installed memory. Some parts of the emperature of a system is reduced without
address range (often at extreme addressesény heat being exchanged between the sys-
may be reserved for input—output device ad-

q S soh tem and its surroundings. In particle beam
resses. See alsaoyte, memory memory 5 .celeration this term is used to describe the
mappe 1/0.

process in the particle source storage ring

where beam emittances are reduced without
addresstranslation = Seeaddress mapping affecting beam energy.

adiabatic following an approximation
addressing (1) in processors: a mecha- made when some states in a quantum me-
nism to refer to a device or storage location by chanical system respond to perturbations
an identifying number, character, or group of more quickly than the other states. In this
characters. That may contain a piece of data@pproximation the rapidly responding states
or a program step. are assumed to depend only on the instanta-

neous values of the other states and are said

(2) in networks, the process of identify- 10 “follow” those states.

ing a network component, for instance, the

unique address of a node on alocal area net- . . .
work. adiabatic passage atechnique forthe cre-

ation of a long-lived coherence in a quantum
_ mechanical system by manipulating electro-
addressing fault  an error that halts the  magnetic field intensities so that the system
mapper when it cannot locate a referencedajways remains in an eigenstate. In practice
object in main memory. this involves changing field strengths on a
time scale slower than the inverse of the en-
addressing mode  a form of specifying ergy spacing between relevant eigenstates of
the address (location) of an operand in anthe system. For example, consider a lambda
instruction. Some of the addressing modessystem in which only one field is present ini-
found in most processors are direct or registertially and all population starts out in the un-
direct, where the operandisina CPU register;coupled ground state. If a field is gradually
register indirect (or simply indirect), where turned on to couple this initial state to the ex-
a CPU register contains the address of thecited state, the system can remain transparent
operand in memory; immediate, where the by evolving in such a way that it is always
operand is a part of the instructioBee also mathematically equivalent to the dark state
central processing unit that would be produced by coherent popu-
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lation trapping. Adiabatic passage is often ple, for a network described by the nodal ad-
used for selective transfer of population be- mittance matrix, its adjoint network is repre-
tween two long-lived states of a multistate sented by the transposed admittance matrix
system, especially in cases where the two-of the original network. The adjoint network
step process of absorption followed by spon-is a basic tool in the computer-aided sensi-
taneous decay (optical pumping) would tend tivity analysis of electronic and microwave
to populate many other states. circuits.

adjacency graph  a graph in which each adjustable-speed drive Seevariable
node represents an object, component, or feaspeed DC drivevariable speed AC drive
tureinanimage. Anedge between two nodes

indicates two components that are touching@dmissible matrix  a matrixM ™~ that can
or connected in the image. be obtained by fixing the free parameters of

the matrixM at some particular valuegs~

adjacentchannelinterference (ACI) the is said to be admissible with respectih
interference caused by an adjacentfrequency )

band, e.g., in a system with frequency divi- @dmittance the reciprocal of the
sion duplex (FDD). Classified as either in- impedance of an electric circuit.

band or out-of-band adjacent channel inter- . . ) .
ference (ACI). The in-band ACI occurs when &dmittance inverter an idealized de-

the center frequency of interfering signal falls VIC€ Or set of matrix parameters that func-
within the band of the desired signal. The tions electrically like a quarter-wave lossless

out-of-band ACI occurs when the center fre- transmission line of characteristicimpedance

quency of interfering signal falls outside the / at €ach frequency, thus transforming the

bandwidth of the desired signal. load admittanceX( oap) by +90 degrees and
modifying the magnitude, resulting in an in-

adjacent channel leakage power See PutadmittanceX;,).

adjacent channel power v J?
in

. - Yioad
adjacent channel power (ACP) apower

of distortion components generated in adja-
cent channel, which is caused by a nonlinear-
ity of high-power amplifier amplifying a dig-
itally modulated signal suchas QPSK, QAM, App  Seemmonium dihydrogen phosphate
etc. Adjacent channel power is defined as a

ratio of signal power in channel and leakage

power in adjacent channel. ADPCM  Seeadaptive differential pulse
code modulation

admittance matrix the inverse of the
impedance matrix in the method of moments.

adjacent channel reuse ratio (ACRR)
the reuse ratio between radio communicationADSL ~ Seeasymmetric digital subscriber
cells using adjacent radio channeBee also |jne.
reuse ratio
adsorbent  the material of an adsorber,
adjacent channels  radio channels occu- for example, silica gel, alumina, and char-
pying radio frequency allocationsandzn+1.  coal. Adsorbent materials are characterized
by high surface to volume ratio.
adjoint network  a network with an iden-
tical structure to the original one, but with adsorber (1) condensation of a gas on the
possibly different elements. As an exam- solid material.
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(2) material that attracts and holds (by Van Advanced Television Research Consor-
der Waal forces) molecular layers of densetium  an organization consisting of David
gases (i.e., very near condensation temperSarnoff Research Center, Thompson Con-
atures) on porous high surface/volume ratiosumer Electronics, North American Philips
materials. Corporation, NBC, and Compression Labo-
ratories.

ADTV Seeadvanced digital television ] ) ) ]
aeolian vibration  a high-frequency me-
chanical vibration of electric power lines

advanced compatible television (ACTV) caused by wind

an extended definition television system that
can operate with existing bandwidths on ex-
isting receivers and is compatible with the
NTSC broadcasting system. The ACTV sys-

aerial cable any fully-insulated electric
power cable which is carried overhead upon

"~ poles, as opposed to the use of the more usual
tem was proposed by the Advanced Televi- o\ arhead bare conductors.

sion Research Consortium and was the first

high definition television (HDTV) system. gerodynamic head —Seedisk head

HDTV system was tested by the FCC July

17,1992. The additional picture information AFC ~ Seeautomatic frequency control

needed to increase the picture width and to

increase the resolution to the HDTV format affine transform a geometric image

is transmitted in an augmented channel astransformation including one or more transla-

an alternative to simulcast transmissi@ee  tions, rotations, scales, and shears that is rep-

Advanced Television Research Consortium resented by a & 4 matrix allowing multiple
geometric transformations in one transform

advanced digital television (ADTV) step. Affine transformations are purely lin-

a high definition television (HDTV) digital €arand do notinclude perspective or warping

transmission television system was proposedransformations.

to the Federal Communications Commission _ )

by the Advanced Television Research Con-AFM  Seeatomic force microscope

sortium. The ADTV system introduced a

layered system to separately describe the dig-A

ital transmission system, the video compres-

sion system, and the data packet transporfA‘FV

system. The video compression method use

a MPEGt++ standard that provides for com-

patibility with multimedia computing.See

Advanced Television Research Consortium

FT Seeautomatic fine tuning
Seeaudio follow-video switcher

AGC See automatic gain controbr
automatic generation control

agent a computational entity that acts

on behalf of other entities in an autonomous
advanced mobile phone system (AMPS) fashion.

a standard for a cellular radio communi-

cations network originally developed in the agent-based system an application
1970s by AT&T and later adopted as an in- whose component are agentsSee also
dustry standard by the U.S.-based Telecom-agent

munications Industries Association (TIA). It

is the first cellular standard widely deployed aggregation  an operation performed on
in North America. Itis also referred to as the system variables whose purpose is to collect
analog cellular system. Frequency modula-them in a way enabling order and/or uncer-
tion with 30 kHz channels is used. tainty reduction. For linear systems both
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continuous-time and discrete-time state ag-cross over another strip. Air bridges are also
gregation is obtained by linear transforma- used to suspend metalization in spiral induc-
tion of the original state represented by an tors off of the semi-conducting substrate in a
aggregation matrix; endowed with the fol- way that can lead to improved performance
lowing properties: in some cases.

GA = A*G;GB = B*; CG' = C*; air capacitor  afixed or variable capacitor
in which air is the dielectric material between
whereA, B, C are original system matrices the capacitor’s plates.
(respectively state, input, and output ones)
and A*, B*, C* are aggregated system ma- air circuit breaker a power circuit
trices. The aggregation is an eigenvalues-breaker where the power contacts operate in
preservation approach and it provides orderair. Some versions employ an air blast to
reduction by neglecting some of the systemextend and clear the arc on contact opening,
modes. while others employ arc chutes with mag-
For uncertainties, the aggregation definesnetic or thermal assists.
some deterministic measures for a set of un-
certain variables. For stochastic model of air core transformer two or more coils
uncertainty the aggregation may be given by placed so that they are linked by the same flux
mean value, higher stochastic models or othemwith an air core. With an air core the flux is
statistical characteristics, while set member-not confined.
ship uncertainties could be aggregated by
their maximal or minimal values, masscenterairgap  Seemagnetic recording air gap
of the set or higher inertial moments.
air ionization chamber  a device used to

AGI Seeaddress generation interlack ~ monitor neutron flux.
Aiken, Howard Hathaway  (1900-1973) air line a coaxial transmission line in
Born: Hoboken, New Jersey, U.S.A. which the volume between the inner and

Aiken is best known as the inventor of outer conductors are air-filled.

the Mark | and Mark Il computers. While

not commercially successful, these machinesair terminal a lightning rod; any device

were significant in the development of the which extends upward into the air from a

modern computer. The Mark | was essen- structure for purposes of lightning protection.

tially a mechanical computer. The Mark I

was an electronic computer. Unlike UNI- air-blast circuitbreaker  acircuit breaker

VAC ( SeeEckert, John Presperthese ma- in which the arc which forms between the

chines had a stored memory. Aiken was acontacts on opening is extinguished with a

professor of mathematics at Harvard. He wasblast of high-pressure air.

given the assignment to develop these com-

puters by the Navy department. Among his air-gap line the line that is obtained by

colleagues in this project were three IBM sci- continuing the linear portion of the saturation

entists and Grace Hopper. It was while work- curve of a synchronous machine or a DC ma-

ing on the Mark | that Grace Hopper pulled chine. The figure shows a plot of generated

the first “bug” from a computer. voltage vs. field current at constant machine
speed. Initially, an increase in field current

air bridge a bridge made of metal strip vyields a linear increase in the generated volt-

suspended in air that can connect componentsage, but as the iron becomes saturated, the

on an integrated circuit in such a way as to voltage rolls off. The air-gap line gives the
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E, Air-gap/ an iterative algorithm for solving a set of lin-
line / ear equations. A set of linear constraints is
/ specified. In each iteration one constraint is
/ applied to a linear equation. The constraints

are repeated in a cyclic fashion until conver-
gence is reached. The linear constraints are
vectors in a vector space with specified basis
images for the type of problem to be solved.

algorithm (1) a systematic and precise,
step-by-step procedure (such as a recipe, a

I program, or set of programs) for solving a

certain kind of problem or accomplishing a

Plot of generated voltage vs. field current at con- task, for instance converting a particular kind

stant machine speed. of input data to a particular kind of output

. . data, or controlling a machine tool. An algo-
VOltage that would be obtained without satu- rithm can be executed by a machine.

ration.

(2) inimage processing, algorithms can be
air-gap voltage  the internal voltage of a  either sequential, parallel, or ordered. In se-
synchronous machine that is generated by theuential algorithms, pixels are scanned and
air gap flux. Also referred to as the voltage processed in a particular raster-scan order.
behind leakage reactance. As a given pixel is processed, all previously

scanned pixels have updated (processed) val-
airline a precision coaxial transmission ues, while all pixels not yet scanned have old
line with air dielectric used in a variety of (unprocessed) values. The algorithm’s result
calibration techniques and measurements asvill in general depend on the order of scan-
an impedance standard and to establish a refning.

erence plane. . R
In a parallel algorithm, each pixel is pro-

cessed independently of any changes in the
others, and its new value is written in a new
image, such that the algorithm’s result does
not depend on the order of pixel processing.

airy disk the central portion of the far-
field optical diffraction pattern.

AlAs aluminum arsenide.

, In an ordered algorithm, pixels are put in
albedo the ratio between the total scat- 4, grdered queue, where priority depends on
tered intensity and the whole extracted from ¢y me value attached to each pixel. At each
the incident light by scattering and absorp- yime step, the first pixel in the queue is taken
tion. out of it and processed, leading to a possi-
ble modification of priority of pixels in the
gueue. By default, an algorithm is usually
considered as parallel, unless stated other-
wise.

ALC Seeautomatic level control

AlGaAs symbol for aluminum gallium
arsenide.

algebraic reconstruction  the process of algorithmic state machine (ASM)  a se-
reconstructing an image& from a noise- quential logic circuit whose design is directly
corrupted and blurred image An arbitrary  specified by the algorithm for the task the ma-
image is selected as the initial condition of chine is to accomplish.
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aliasing (1) in signal processing, distor- (3) the process of determining the time or
tion introduced in a digital signal when it is phase shift of a certain signal so that part of
undersampled. it may be matched with another sign&@ee

In all digital systems the signals should be alsoimage registration
filtered before they are sampled to eliminate
signal components with frequencies aboveall-digital synchronization  synchroniza-
the Nyquist frequency, tion algorithm, where the analog-to-digital
conversion takes place as early as possible to
assist digital implementation of the synchro-
nizer. In most cases, an all-digital synchro-

Wh?‘re.T ISa ;amplmg t|mg, are eliminated. nization approach leads to optimal maximum
Ifthisfiltering is notdone, signal components likelihood algorithms

with frequencies

oy =ws/2=m/T,

© > oy all-optical network  an optical communi-
cations network where the role of electronics

will appear as |0w-frequency Components is reduced to basic SuperViSOI’y and control

with the frequency functions. All-optical devices are used ex-
clusively between the nodes to re-configure
wg = |((0 +wy) mod wy) — wny| the network which enables the greatest use of
fiber bandwidth.

The prefilters introduced before a sampler are

called anti-aliasing filters (common choices a||-optical switch  an optically addressed
are second- or fourth-order BUttel’WOfth, in- device whose 0ptica| transmission can be
tegral time absolute error (ITAE), or Bessel switched between two possible states by
filters). changes in the incident optical power.

(2) in computer graphics, distortion due
to the discrete nature of digital images that g|_pass system a system with unit mag-
causes straight lines to appear jagged. nitude and poles and zeroes that are complex

(3) in computer software, a single object conjugate reciprocals of each other. An all-
having two differentidentities, such as names pass system with a pole at= a and a zero

in memory space. Aliasing can make it diffi- 5¢, — Lis
cult to determine whether two names (or ac- “

cess pathsto reach an object) thatappearto be 1 .
different really access the identical object; a H,p(z) = z_—al
system designed to find parallelism when two 1-az

accesses really reach different objects will

have trouble achieving correct (functional) .
operation if aliasing is present. alley arm  a crossarm meant for use in

an alleyway or other confined area in which
alignment (1) the requirement that a da- Poles must be placed close to buildingee
tum (or block of data) be mapped at an ad- ¢crossarm
dress with certain characteristics, usually that
the address modulo the size of the datum orallocate  to create a block of storage of a
block be zero. For example, the address of agiven size in some memory, which is not to
naturally aligned long word is a multiple of be used for any other purpose until expressly
four. freed.

(2) the act of positioning the image of a

specific point on a photomask to a specific allocation  the act of allocatingSee also
point on the wafer to be printed. allocate
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allocation of authority ~ process by which in the stored charge. Such an accumulation
the authority (scope of competence) is allo- of errors in a digital system has the effect of
cated to various decision units; this allocation creating a noise signal.

may result form the natural reasons or be a

product of system partitioning. alpha-cut  the setofall crisp, or nonfuzzy,
elements whose membership functiomirs

almost sure convergence for a stochas-  greater than or equal to a given value,
tic process, the property of the sample values

converging to a random variable with proba-

2 alphanumeric mode relates to alpha-
bility one (for almost all sample paths).

betic characters, digits, and other characters
i ) such as punctuation marks. Alphanumeric
alnico  a permanent magnet material con- s 4 mode of operation of a graphic terminal
sisting mainly of aluminum, nickel, cobalt, . qiher input/output device. The graphics

and iron, which has a relatively low-energy (orminal should toggle between graphic and
product and high residual flux density. An alphanumeric data.

alnico is most suitable for high-temperature

applications.
PP alternate channel power  a measure of

the linearity of a digitally modulated system.
The amount of energy from a digitally trans-

cess protocol, originally _deve_loped by l\_l_o_r- mitted RF signal that is transferred from the
man Abramson at the University of Hawaiiin . L
intended channel to one which is two chan-

1970. Agivenusertransmits amessage when : L .

the message is generated without regard forneIS away. Itis th? ratio (in decibels) of the

coordination with the other users sharing the power measure_d in the alternate channel to
. . .y the total transmitted power.

channel. Messages involved in collisions are

retransmitted according to some retransmis- ) o

sion algorithm. Literally, “aloha” is a greet- altérnating current (AC)  a periodic cur-

ing in the Hawaiian native language. rent the average value of which over a period

is zero.

ALOHA a random access, multiple ac-

alpha channel a grayscale image associ-

ated with the color channels of an image thatalternating current machine  an electro-
dictates the opacity/transparency of the cor-mechanical system that either converts alter-
responding color channel pixels. If the color nating current electrical power into mechan-
channels are multiplied by the alpha chan-ical power (AC motor), or converts mechan-
nel when stored, the image is referred to asical power into alternating current electrical
premultiplied; otherwise, it is known as un- power (AC generator, or alternator). Some

premultiplied. AC machines are designed to perform either
of these functions, depending on the energy
alpha particle a subatomic particle source to the dynamo.

emitted by ceramic packaging materials that
causes soft errors in memory integrated cir- alternator-rectifier exciter a source of
cuits. field current of a synchronous machine de-
rived from the rectified output voltage of an
alpha particle noise  this type of noise alternator. The components of the exciter
occurs exclusively in small semiconductor consist of the alternator and the power rec-
capacitors, when an energetic alpha particle tifier (including possible gate circuitry), ex-
either from cosmic rays or from the packag- clusive of all input control elements. The
ing or substrate itself, traverses the capaci-rectifier circuits may be stationary, or rotate
tor, discharging it, thereby creating an error with the alternator, which may be driven by
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a motor, prime mover, or by the shaft of the ambient temperature the temperature

synchronous machine. of the air or liquid surrounding any electrical
part or device. Usually refers to the effect

ALU Seearithmetic and logic unit of such temperature in aiding or retarding re-
moval of heat by radiation and convection

AM  Seeamplitude modulation from the part or device in question.
ambiguity in artificial intelligence, the

AM to PM conversion phase variations
of an output signal, due to passing through an
active device, where the phase of the output
signal varies in response with the amplitude
of the input signal.

presence of more than one meaning or possi-
bility.

Amdahl's law states that the speedup
factor of a multiprocessor system is given by

AMvideo the amplitude modulated video S(n) = n

carrier wave is produced by an amplitude 1+ (-1 f
modulated video transmitter where the am-
plitude of the wave form varies in step with

the video signal similar to that shown in the
figure.

where there areprocessors anflis the frac-
tion of computational that must be performed
sequentially (by one processor alone). The
remaining part of the computationis assumed
to be divided inta: equal parts each executed
amateurradio  The practice and study of py 3 separate processor but simultaneously.
electronic communications as an avocation; The speedup factor tends tgflasn — oo,
most often referring to those persons possessgyhich demonstrates that under the assump-

ing a license earned by examination (in the tions given, the maximum speedup is con-
U.S., the Federal Communications Commis- strained by the serial fraction.

sion grants such licenses).

American National Standards Institute
ambient field  the background magnetic (ANSI) The U.S. organization that rec-
field level existing in the environment, with- ommends standards for metrology, drawing
out contribution from specific magnetic field symbology and numerous other facets for
sources. products and industries.
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American standard code for information Ampere is best known for his pioneering
interchange (ASCIlI)  abinary code com- workin the field of Electrodynamics. During
prised of seven digits, originally used to his emotionally troubled life, he held several
transmit telegraph signal information. professorships: at Bourg, Lyon, and at the
Ecole Polytechnic in Paris. While Ampere
ammeter an instrument for measuring worked in several sciences, the work of the
electric current in amperes. Danish physicist Hans Christian Oerstad on
the electric deflection of acompass needle, as
ammonia maser  first maser, invented by demonstrated to him by Dominique Arago,
Charles H. Townes. Such a maser operategaused Ampere’s great interest in electro-
at microwave frequencies. magnetism. His seminal workjotes on the
Theory of Electrodynamic Phenomena De-
ammonium dihydrogen phosphate (ADP)  qyuced Solely from Experimengstablished
a strong linear electro-optic material. Its the mathematical formulations for electro-
chemical formula isVHaH2P O4. See also  magnetics including what is now known as
potassium dihydrogen phosphate (KDP)  ampere’s Law. It can be said that Ampere
founded the field of electromagnetics. He is
honored for this by the naming of the unit of
electric current as the ampere.

amorphous alloy  a ferromagnetic mate-
rial with very low coercive force (i.e., a nar-
row hysteresis loop). The material is formed
as a very thinribbon, by freezing the molting amperometric sensor  an electrochem-
alloy before it can cryst_allize,_ thus providing ical sensor that determines the amount of
arandom molecular orientation. a substance by means of an oxidation—
reduction reaction involving that substance.
Electrons are transferred as a part of the re-
action, so that the electrical current through
the sensor is related to the amount of the sub-
stance seen by the sensor.

amortisseur winding See damper
winding.

ampacity  the maximum current which
can be safely carried by a conductor under

specified conditions. amplidyne a special generator that acts

like a DC power amplifier by using com-
pensation coils and a short circuit across its
brushes to precisely and fastly control high
powers with low level control signals.

ampere interrupting rating the inter-
rupting rating of a device expressed in amps
(often rms symmetrical amps).See also
MVA interrupting rating

amplified spontaneous emission sponta-
neous emission thathas been enhancedinam-
plitude and perhaps modified in spectrum by
propagation through an amplifying medium,
usually the medium in which it was first gen-

Ampere’s Law a fundamental rela-
tionship in electromagnetic theory. In a
fairly general form it is expressed by one of
Maxwell’s equations,

aD(r, t
VxH(@r, 1) = z(n ) f erated.
wherer is the timey is the coordinate vector, amplifier a circuit element that has a
and the other vectors are defined@, 1) linear input-output signal relationship, with
electric displacemend (r, 1), magneticfield gain in voltage, current, and/or powegee
strength;J(r, 1), electric current density. alsobalanced amplifigifeedback amplifigr

feedforward amplifiedaser amplifiermaser
Ampere, Andre Marie (1775-1836) amplifier, optical amplifier single-ended
Born: Lyon, France amplifier.
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amplitron a classic crossed-field am-
plifier in which output current is obtained
primarily by secondary emission from the

or a sinusoidal signal of the form

c(t) = coSw.t + 6.).

negative electrode that serves as a cathodg, is referred to as thearrier frequency AM

throughout all or most of the interaction
space.

amplitude  descriptor of the strength of a

has the effect of shifting the frequency spec-
trumofx (¢) byw.. The signalisrecovered by
shifting the spectrum of (¢) back to its orig-
inal form. See alsdrequency modulatian

wave disturbance such as an electromagnetic

or acoustic wave.

amplitude equations a form of the

Schibdinger equation that describes the evo-
lution of a quantum mechanical system in
terms of only the coefficients of the preferred

amplitude response the magnitude of the
steady-state response of afixed, linear system
to a unit-amplitude input sinusoid.

amplitude spectrum the magnitude of
the Fourier transformfr ()|, —o0 < w <

basis states. These coefficients are knowrpo of a signalf (). For example, the ampli-
as quantum mechanical amplitudes and con{ude spectrum of a rectangular pulse of unit

tain both magnitude and phase information.
Amplitude equations are often used to gain
physical insight into interactions of quantum
systems with electromagnetic fieldsee also
Schiddinger wave equation (SWE)

amplitude linearity gualitative measure
of the extent to which the output ampli-
tude of a device is a faithful reproduction of
its input, with no new frequency harmonics
added. A perfectly linear device would out-
put a scaled version of its input, where the
shape of the input waveform has been un-
altered (i.e., there is no distortion of the in-
put waveform). Viewed in the frequency do-
main, the output signal would contain only
those spectral components found in the in-
put signal, and each frequency line would be

width is given in the following figure:See
alsoFourier transform

1

091
08+
07
06+

Zosf-
[
04

03+

0.2

Amplitude spectrum.

scaled by the same amount (i.e., by the gain

of the device).

amplitude modulation (AM)  the process
of modulating a signai (¢) by a carrier wave
c(t) for transmission:

y(#) = c(®)x(1),
where y(¢) is the signal to be transmitted.

c(t) is either a complex exponential of the
form

C([) — ej(wcH‘gc)
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amplitude stabilization circuit a circuit
used to obtain a precise oscillation amplitude
of oscillators. These circuits are used in in-
strumentation when it is required to increase
the purity of output signal and reduce the fre-
quency depression (especially in Meachem-
bridge oscillator with crystal) of the main har-
monic by higher harmonics (van der Pol ef-
fect). Three types of circuits are used:

1. An element of large inertia (tungsten
lamp, thermistor) is included in the circuit at
a point where it can change the magnitude of
feedback, but not affect the frequency.



2. A controlled resistor (usually an FET analog signal  a signal represented in a
operating in a triode regime) that is also part continuous form with respect to continuous
of the feedback circuit (the DC control signal time, as contrasted with digital signal repre-
is obtained with a rectifier and a filter of large sented in a discrete (discontinuous) form in
time constant). a sequence of time instangee als@nalog

3.An automatic gain control circuitwhere data
the DC control signal obtained from a recti-
fier .and filter. is used to change the bias of analog signal conditioning
oscillator active element.

an interface
between the sensor or transducer output,
which represents an analog or physical world,
amplitude-modulatedlink  atransmitter— and the analog-to-digital converter.
receiver system that utilizes amplitude-

modulation for the transmission of signal fre- o )
quencies. analog-to-digital (A/D) conversion a

method by which a continuously varying sig-

nal (voltage) is sampled at regularly occur-

ring intervals. Each sample is quantized to a
discrete value by comparisons to preestab-
lished reference levels. These quantized
samples are then formatted to the required
] digital output (e.g., binary pulse code words).

AMPS See advanced mobile phone The A/D converter is “clocked” to provide

amplitude-shift keying (ASK) a mod-
ulation technique in which each group of
source bits determines the amplitude of the
modulated carrier.

system updated outputs at regular intervals. In order
not to lose any baseband information, sam-
AMR  Seeautomated meter reading pling must occur at a rate higher than twice
the highest incoming signal frequency com-
analog  Seeanalog signalanalog data ponent.See alsdNyquist rate

analog data . data representeq in acor_1tin— analog-to-digital (A/D) converter  ade-
uous form with respect to continuous time, yjice that changes an analog signal to a digital
as contrasted with digital data represented ingjgnal of corresponding magnitude. This de-

adiscrete (discontinuous) formin a sequenceyjce is also called an encoder, ADC, or A/C
of time instant. converter.

analog multiplier a device or a circuit
that generates an analog output signal that i
proportional to the product or multiplication
of two analog input signals.

Sanalysis—by—synthesis coding refers to

the class of source coding algorithms where
the coding is based on parametric synthetiza-
tion of the source signal at the encoder. The
. . . synthesized signal is analyzed, and the pa-
a”?'og optl_cal computlng_ op_tlcal COM- " rameters that give the “best” result are cho-
puting that involves two-dimensional analog sen and then transmitted (in coded form).

oper_ations such as_cor_relatio.n an_d complexgaseq on the received parameters the signal
spatial frequency filtering primarily based is resynthesized at the receiver.
on the property of lens to perform two-

dimensional Fourier transform. In analog

optical computing, operations to be per- analysis filter  a filter in the analysis sec-
formed are matched with and based on al-tion of a sub-band analysis and synthesis sys-
ready known optical phenomena. tem.
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analyte  the substance being measured byAND gate  a device that implements the
a chemical or bioanalytical sensor and instru- Boolean AND operationSeeAND.
mentation system.
anglediversity  adiversity technique used
analyticsignal  referstoasignalthathasa in radio communications based on receiving
Fourier transform that is zero valued for neg- a signal over multiple arrival angles. The
ative frequencies; i.e., the signal has a one-signal components are typically affected by
sided spectrum. uncorrelated fading processes and are com-
bined inthe receiverto improve performance.
analytical Jacobian ~ a mathematical rep- The main combining methods are selection
resentation computed via differentiation of diversity, equal gain combining, and maxi-
the direct kinematic equation with respect to mal ratio combining.
the joint variableg. Formally one can write
G = [43] _ [Mw]q = Ja(g)¢ where the angle modulation  a type of modulation

p Ip(@) .
. LT 9k where either the frequency (FM) or the phase
analytical Jacobian '.SIA(Q) . 9q See (PM) of a carrier are varied.
external spader notation used in these equa-

tions. The analytical Jacobian is different
from the geometric Japob@n, since the end-a source emitting a signal impinging on a
effector ang.ular ve.I00|ty -W'th respect t.o the sensor array. Also called direction of arrival
base frame is not given lgy. Both Jacobians (DOA).

are related ag = Ta(¢)Ja WhereT(¢) is

a matrix that depends on the particular repre-
sentation of the orientation representation. In
particularTs (¢) is an identity matrix when
equivalent axis of rotation in the task space
is the same as the equivalent axis of rota-
tion of the end-effectorSee als@eometric
Jacobian

angle of arrival (AOA) the direction to

angstrom  popular unit not officially rec-
ognized as part of the Sl unit system. Equal
to 1010 meters. Abbreviated. Named af-
ter AndersAngstom (1814-1874).

angular alignmentloss the optical power
loss in an optical connection between two op-
tical fibers, between an optical source and a
fiber, or between an optical fiber and a detec-
tor caused by the angular misalignment of the
axes of the source and fiber, the two fibers,
or the fiber and detector.

anamorphic lenses alens system having
a difference in optical magnification along
the two mutually perpendicular axes (ver-
tical plane or tilt vs. horizontal plane or
panorama).

angular frequency  the rate of change of

and  SeeAND. the phase of a wave in radians per second.

AND the Boolean operator that imple-
ments the conjunction of two predicates. The
truth table forn = X andY is

anisotropic  direction-dependent.

anisotropic diffraction  diffraction when
the refractive indices for the incident and
diffracted optical waves are different.

anisotropic diffusion  a process of pro-
gressive image smoothing as a function of a
time variabler, such that the degree and ori-
n-ary ands can be obtained as conjunction ofentation of smoothing at a point varies ac-
binary ands. cording to certain parameters measured at
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that point (e.g., gray-level gradient, curva- (2) dependence of the response of a
ture, etc.) in order to smooth image noise medium on the direction of the fields, for ex-
while preserving crisp edges. The progres-ample, thex component of the electric dis-
sively smoothed imagg(x, y, t) (wherex, y placement mightdepend in part on theom-
are spatial coordinates and time) satisfies ponent of the fields.
the differential equation
annealing  a process often used in semi-
a1/9t = div(cVI), conductor processing to cause a change in

o . ] materials or device properties to improve the
where the diffusion factoe is a decreasing  circyit performance and/or reliability.See
function of the spatial gradie/. Whenc  5isosimulated annealing

is constant, this reduces to the heat diffusion

equation annealing schedule  specifies the se-
dI/dt = cAl quence of temperature values that are to be

Other mathematical formulations have beenUSed in an application of simulated anneal-
given, where edge-preserving smoothing isN9 and also specifies the number of param-
realized by a selective diffusion in the di- eter changes that are to be attempted at each
rection perpendicular to the gradienSee €mperature.

also multiresolution analysismathematical o ] ) .
morphology annihilation  aprocess in which a particle

and its anti-particle meet and convert sponta-

anisotropic etch  an etch with an etch Nneously into photons.
rate that is direction-dependent. In wet etch- _ _ _
ing, the direction dependence has to do withannul bit a bit that is used to reduce the

crystallographic axis — some planes etch atéffect of pipeline breaks by executing the in-
different rates than others. struction after a branch instruction. The an-

nul bit in a branch allows one to ignore the
anisotropic medium (1) a medium in  delay-slot instruction if the branch goes the
which the index of refraction varies with wrong way. With the annul bit not set, the
the light propagation direction within the delayed instruction is executed. If it is set,
medium. In such a medium, the constitutive the delayed instruction is annulled.
relation involves a tensor.

(2) amedium that exhibits anisotropy. Ex- annular cathode  a cathode of a vacuum
amples are anisotropic crystals, ferrites in tube with the shape of the emitting surface of
the presence of a static magnetic field, andthe cathode is annular. The annular cathode
plasma in the presence of a static magneticcan produce a hollow electron beam.
field.

annular illumination a type of off-axis
anisotropic scatterer inhomogeneous illumination where a doughnut-shaped (an-
medium, usually consisting of suspension of nular) ring of light is used as the source.
anisotropic molecules, capable of producing
effects like birefringence or dichroism. As anode the positive electrode of a device.
such, its dielectric permittivity is a tensor act- Contrast withcathode
ing differently upon each component of the
electromagnetic field. anomalous dispersion decrease ofthein-
dex of refraction with increasing frequency;
anisotropy (1) the degree of variation in tends to occur near the center of absorbing
a property such as index of refraction with transitions or in the wings of amplifying tran-
light propagation direction. sitions.
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ANSI American National Standards In- the antenna structure and noise received by
stitute, a body which administers numerousthe antenna from external radiating sources.
industrial standards in the USA including
several which pertain to electric utility con-
struction practices.SeeAmerican National
Standards Institute

antenna pattern graph or chart repre-
senting the absolute or normalized antenna
gain as a function of angle (typically azimuth
or elevation) and used to describe the direc-
antenna  adevice used to couple energy tional properties of an antenna. In the near
from a guiding structure (transmission line, fie|d, the antenna pattern is a function of the
waveguide, etc.) into a propagation medium, distance from the antenna whereas in the far

such as free space, and vice versa. It providegie|d, the pattern is independent of distance
directivity and gain for the transmission and from the antenna.

reception of electromagnetic waves.

antennaQ ratio ofthe energy storedtothe
energy dissipated (ohmically or viaradiation)
per cycle.

antenna beamwidth the effective an-
gular extent of the antenna radiation pattern
usually specified between points of fixed am-

plitude relative to the main lobe gain (e.g.,
—3 dB points). antenna synthesis  the process of de-

termining or designing an antenna to yield
antenna diversity  a diversity technique & given radiation pattern. Several synthesis

based on the use of multiple antennas eithefMeth0ds exist. Some are closed form solu-
at the receiver (receiver antenna diversity) or IONS and some use numerical techniques.
at the transmitter (transmitter antenna diver-
sity) in a radio communication link. If the anthropomorphic manipulator a ma-
separation of antennas is sufficient, the signalnipulator that consists of two shoulder joints,
components are affected by different fading one for rotation about a vertical axis and one
processes and are combined in the receivefor elevation out of the horizontal plane, an
to improve performance.See alsoRAKE  elbow joint with axis parallel to the shoulder
receiver Contrast withangle diversity elevation joint, and two or three wrist joints at
the end of the manipulator (see figure). An
antenna gain  the maximum ratio of an anthropomorphic manipulator is sometimes
antenna’s ability to focus or receive power in called a jointed, elbow, or articulated manip-
a given direction relative to a standard; the ulator.
standard is usually an isotropic radiator or a
dipole. The gain includes the efficiency of "

the antenna. °

93

— I

Y
antennanoise temperature the effective (’
noise temperature of the antenna radiation re- v
sistance appearing at the antenna terminals. H
At a given frequency, the antenna noise tem- :
perature,T, ( K), can be calculated a% \
whereP, is the noise power available at the !
antennaterminals (Wj,is Boltzmann’s con- / \
stant (138 x 1023 JPK), and B is the band- L

width (Hz). The antenna noise is the result \}J‘(h

of thermal noise generated in ohmic losses in
An anthropomorphic manipulator.
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anti-plugging  a feature to prevent a mo- lel, resulting in permeabilities slightly greater

tor from reversing direction directly across than unity; unlike paramagnetic substances,

the line. The purpose of the anti-plugging these materials exhibit hysteresis and have a

coil and contact is to prevent the motor from Curie temperature. Examples include man-

starting in the opposite direction until the ganese oxide, nickel oxide, and ferrous sul-

speed has slowed enough where the currenfide.

and torque surges are within acceptable lev-

els when changing direction. antifuse  a fuse-like device that when ac-
tivated becomes low-impedance.

anti-Stokes scattering  the scattering of

light accompanied by a shift to higher fre- antiparticle a particle having the same

guencies Contrast withStokes Law of light mass as a given fundamental particle, but

scattering whose other properties, while having the
same magnitude, may be of opposite sign.

antialiasing filter typically, a filter that Each particle has a partner called an antipar-

provides a prefiltering operation to ensure ticle. For example, electrical charge in the

that the frequency components of a signalcase of the electron and positron, magnetic

above the Nyquist frequency are sufficiently moment in the case of the neutron and an-

attenuated so that, when aliased, they willtineutron. On collision a particle and its an-

cause a negligible distortion to the sampledtiparticle may mutually annihilate with the

signal. See alsaliasing Nyquist frequency emission of radiation. Some properties of
the antiparticle will be identical in magni-

anticollision radar a type of radar, gen- tude but opposite in sign to the particle it is

erally operating in the millimeter wave fre- paired with.

guency range, used to prevent collision be-

tween moving vehicles. antipodal  symmetry created by simulta-
neously mirroring an objectin both the X and

anticomet tail (ACT) a special type of Y axes.

electron gun designed to handle highlights

by increasing beam current with a defocusedantiproton  antiparticle to the proton. It

beam during line retrace. is a strongly interacting baryon carrying unit
negative charge. It has mass of 938 MeV and

antidependency  a potential conflict be- carries spin 1/2.

tween two instructions when the second in-

struction alters an operand which is read by antireflection coating  Seeantireflective

the first instruction. For correct results, the coating

first instruction must read the operand before

the second alters it. Also called a write-after- antireflective coating (ARC)  a coating

read hazard. placed on top or below the layer of pho-
toresist to reduce the reflection of light, and

antidots regions of repulsive potential, hence reduce the detrimental effects of stand-

but which are configured so that particles ing waves or thin film interference.

(usually electrons) can pass around the poten-

tial and proceed past it. In the limiting case, AOA Seeangle of arrival

a repulsive Coulomb potential is the simplest

antidot structure. AOTF Seeacousto-optic tunable filter

antiferromagnetic  materialsinwhichthe APART/PADE  acomputer code for anal-
internal magnetic moments line up antiparal- ysis of stray light in optical systems devel-
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oped by the University of Arizona and BRO, quency response curve has decreasgdiB
Inc. from the passband reference gain. Note that
f1 and f»> define the response passband by
APC-7 connector commonterm foram- marking the points at which the output power
phenol precision connector - 7mm. A “sex- has decreased to one-half the value of the in-
less” coaxial connector with butt contact be- put power. For band widths extending down
tween both the inner and outer conductorsto DC, the upper-3 dB frequency is cited as
capable of low standing wave ratios to fre- the 3 dB bandwidth.
guencies up to 18 GHz.
aperture coupling  a method of coupling
APD  Seeavalanche photodiode a transmission line to an antenna in which
fields leak through an aperture in a metallic

aperiodic convolution  the convolution of  ground plane separating the line from the an-
two sequencesSeeconvolution tenna.

aperiodic signal  a signal that is not pe-  gperture efficiency ~ a figure of merit that
riodic, i.e., one for whiche (1) # x(t + 7). determines how much of the incident energy
Thls.means that the sgnadt) hasaproperty g captured by an aperture. It depends on the
that is changed by a time shift. See also  physical dimensions of the aperture.
periodic signal

o ) ) aperture problem given a sequence of
aperlodlp waveform  this phrase is used images over time we would like to infer the
to describe a waveform that does not repeaty, iion (optical flow) field. Based on local
itself in a uniform, periodic mannerCom- .- 40 information (i.e., based on the values
pare withperiodic waveform of those pixels falling within some aperture)
. ) only the component of motion along the gray-
aperture. (1) an opening .to a cgwty, o Jevel gradient can be inferred; that the com-
wavg—gwde, from Wh'Ch rad|a}t|on Is either ponent of motion perpendicular to the gray-
received or transmitted. Typically used as level gradient can only be known by resorting

antenna or a.coupllng element. to global methods is known as the aperture
(2) a physical space available for beam t0 rqplem. Seeoptical flow; optical flux
occupy in a device. Aperture limitations are

the physical size of the vacuum chamber; a
magnetic field anomaly may deflect the beam
so that the full available aperture cannot be
used.

APL Seeaverage picture level

APLC  Seeactive power line conditioner

aperture antenna an antenna with a apodization (1) a deliberate variation in
physica opening hole, or slit. the transmission of an optical aperture as a

function of distance from the center or edges,
in order to control optical transfer functions.

aperture correction signal compensa- (2) adeliberate variation in the strength of
tion used to correct the distortion caused by a signal with time.

the non-zero aperture of a scanning electron

beam. A standardized measure of the selecapparentconcurrency  withinaninterval
tivity of a circuit or system. The-3 dB  of time more than one process executes on a
(or half-power) band width is taken to be computer, although at the instruction level,
the difference between the uppefz and  instructions from only one process run at any
lower (f1) frequencies where the gainvs. fre- single point in time.See als@oncurrency
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apparent mean thermal conductivity ceiver. Alibrary of patterns is maintained for
the effective thermal conductivity of an as- continuous checkingSee als@xact coding
semblage of material (Pearlite, super insula-

tion) between specified temperatures. . . .
approximate reasoning an inference

procedure used to derive conclusions from
a set of fuzzy if-then rules and some con-
ditions (facts). The most used approximate
reasoning methods are based on the general-
ized modus ponen$ee alsduzzy IF-THEN

rule, generalized modus ponenlinguistic
variable

apparent power (1) in an AC system,
the product of voltageE and current/. Ap-
parent power (or total power) is composed of
two mutually independent components — an
active component (real power), and a reac-
tive component (imaginary power). Appar-
ent power is denoted by, and has the unit
of voltamperes.

(2) the scalar product of the voltage and approximately controllable system
current delivered to the load. It can also be an infinite-dimensional stationary linear dy-
expressed as the vectbr= P 4+ jQ, where  namical system where the attainable Kg}

P = real power and) = reactive power. is dense in the infinite-dimensional state

spaceX. The set is said to be approximately
application-specific integrated circuit controllable in[0, T] if the attainable set
(ASIC) an integrated circuit designed for K (O, T') is dense in the infinite-dimensional
one particular application. state spacg.

. Approximate controllability in[0, T'] al-
appropriate technology  the technology ways implies approximate controllability.

that will accomplish a task adequately given :
: The converse statement is not always true.
the resources available. Adequacy can be

verified by determining that increasing the
technological content of the solution results Ar+ laser laser in which the active
in diminishing gains or increasing costs. medium consists of singly ionized argon
atoms. Ar+ lasers have several wavelengths
approximate coding  a process, defined in the visible portion of the spectrum.
with respect to exact coding, that deals with
irreversible and information-lossy process-
ing of two-level pictures toimprove compres-
sion ratio with significant degradation of pic-
ture quality. Exact coding schemes depend Arago is best known for the breadth and
on the ability to predict the color of a pixel the volume of his contribution to the study
or the progression of a contour from line to of light and for his work with Ampere on the
line. Irreversible processing techniques try to development of electrodynamics. Arago dis-
reduce prediction errors by maintaining the covered that iron could be magnetized by the
continuity of the contours from line to line. passage of current through a wire and, the
With predictive coding the number of pix- phenomenon of magnetic rotation. It was
els can be changed to reduce those havindeft to Michael Faraday to properly explain
nonzero prediction error. With block coding this phenomenon. Arago spent a significant
the compression efficiency can be improvedamount of time involved in politics and suc-
by increasing the probability of occurrence ceeded Jean Fourier as the permanent secre-
of the all zero block. The third approximate tary to The Academy of Sciences in 1830. It
block coding scheme is pattern matching. In has been suggested that Arago’s enthusiasm
this scheme the identification codes of the and work ethic were an inspiration to many
repeated patterns are transmitted to the recontemporary scientists.

Arago, Dominique Francois (1786—
1853) Born: Estagel, France
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arbiter a unit that decides when multi- arcing ground  a ground fault on a power
ple requestors may have access to a sharetine which alternately clears and restrikes,
resource. causing high, repetitive voltage surges.

arbitrary reference frame a two-
dimensional space that rotates at an unspec-
ified angular velocityw. In electric ma-
chines/power system analysis, an orthog-
onal coordinate axis is established in this

space upon which fictitious windings are areal density —ameasure for the improve-

placed. A linear transformation is estab-
lished in which the physical variables of the
system (voltage, current, flux linkage) are

ment in the capacity of a disk. It is the prod-
uct of the number of tracks per inch and the
number of bits per inch, i.e., it is the number

referred to variables of the fictitious wind-
ings Se also

rotor reference framestationary reference
frame synchronous reference frame

of bits per square inch.

argon ion laser  SeeAr+ laser

argument (1) an address or value that is
arbitration Seebus arbitration passed to a procedure or function call, as a

way of communicating cleanly across proce-
ARC  Seeantireflective coating dure/function boundaries.

(2) a piece of data given to a hardware

arc detector a device placed within a operator block.
microwave power tube or within one or more
of the external cavities of a microwave power arithmetic and logic unit (ALU) acom-
tube whose purpose is to sense the presenckinational logic circuit that can perform basic
of an overvoltage arc. arithmetic and logical operations on n-bit bi-

nary operands.
arc faultinterrupter ~ the mechanism that

breaks the fault current arc in a power circuit arithmeticcoding amethod (due to Elias,

breaker. Pasco, Rissanen and others) for lossless data
compression. This incremental coding algo-
arc lamp lamp made by driving a high rithm works efficiently for long block lengths

current across a gap between two electrodesand achieves an average length within one

Some types operate in air consuming the elec-bit of the entropy for the block. The name

trode, for example, a carbon arc in which comes from the fact that the method utilizes

the electrode material is made as a rod andhe structures of binary expansions of the real

fed into the discharge to replace what is con-numbers in the unit interval.

sumed. Others operate in a vacuum envelop

that reduces the electrode consumption. arithmetic instruction a machine in-
struction that performs computation, such as

arcresistance period of time that the sur- addition or multiplication.

face of an insulating material can be submit-

ted to the action of an electrical arc without arithmetic operation any of the follow-

becoming conductive. ing operations and combination thereof: ad-
dition, subtraction, multiplication, division.

architecture  Seecomputer architecture

arithmetic radian center frequency  the

linear radian center frequency, it is the mid-

arcing fault ~ Seearcing ground
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point between the highemw(;) and lower maximum allowable limit due to excessive
(wr) band edges, expressed in units of ra-heating of the stator.

dians/second. The band edges are usually

defined as the highest and lowest frequenciesarmature reaction (1) in DC machines, a
within a contiguous band of interest at which distortion of the field flux caused by the flux
the loss equalé.amax the maximum attenu- created by the armature current. Armature

ation loss across the band. reaction in a DC machine causes lower flux
oy + or at one pole-tip and higher flux at the_ other,
Woa =~ which may lead to magnetic saturation. It

also shifts the neutral axis, causing sparking
on the commutator.

(2) in AC synchronous machines, a volt-
age “drop” caused by the armature current.
In the steady state model of the synchronous
machine, the armature reaction is accounted
for by a component of the synchronous reac-
tance.

arithmetic shift a shift in which it is as-
sumed that the data being shifted is integer
arithmetic in nature; as a result, the sign bit
is not shifted, thereby maintaining the arith-
metic sign of the shifted result.See also
logical shift

arithmetic—logicunit ~ Seearithmetic and

logic unit armature voltage control a method of

controlling the speed of a DC motor by vary-
ing the voltage applied to the armature while
keeping the voltage applied to the field circuit
constant.

arm apartofarobot. Arobotis composed
of an arm (or mainframe) and a wrist plus
a tool. For many industrial robots the arm
subassembly can move with three degrees of .

freedom. Hence, the arm subassembly is the?'Mature winding an arrangement of

positioning mechanismSee alsdndustrial ~ COIIS carrying the main current, typically
robot wound on the stator of a synchronous ma-

chine or the rotor of a DC machine, in which
armpin  a pin insulator . an alternating voltage is induced by the mag-
netic field.
ARMA  Seeuto-regressive moving-aver-
age model armless construction a method of distri-
bution line construction, often used for aes-
armature the magnetic circuit of a ro- thetic purposes, in which pin insulators are
tating electrical machine, including the main mounted on steel brackets bolted directly to
current carrying winding, in which an alter- @ utility pole without the use of a crossarm.

nating voltage is induced by the magnetic
field. Armstrong oscillator ~ Hartley oscillators

are usually not used at VHF of higher fre-
armature circuit components of the ma- quencies. Similarly, the circuit is avoided at
chine that carry armature current. For ex- very low audio frequencies. It is important
ample, in a DC machine the armature cir- to distinguish the Hartley oscillator from the
cuit could consist of the armature windings, Armstrong topology. Inthe Armstrong oscil-
brushes, series field winding, compensat-lator, no ohmic connection exists between the
ing windings, interpoles, starting resistor(s), two inductors. Instead, coupling is entirely
main-line contacts, and overload sensor. magnetic.

armature current limiting a condition  Armstrong, Edwin Howard (1890-
wherein the stator currents are clamped at thel954) Born: New York, New York, U.S.A.
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Armstrong is best known as the developer effects of some type of processingee also
of frequency modulation (FM) radio and in- outlier.
ventor of the superheterodyne receiver. Arm-
strong spent most of his career at Columbiaartificial constraint an additional con-
University. During his life, his inventions straint in accordance with the natural con-
made him quite wealthy. The superhetero- straints to specify desired motion or force
dyne receiver was purchased as a way for theapplication. An artificial constraint occurs
military to detect the spark plug ignitions of along the tangents and normals of the con-
approaching aircraft. Patent fights with Lee straint surface. An artificial force con-
DeForest and the difficulty in promoting FM  straint is specified along surface normals,
radio led to bitterness and frustration which and an artificial position constraint along tan-

many felt led to his suicide. gents and hence consistency with the natu-
ral constraints is preserve&ee alsmatural
ARQ  Seeautomatic repeat request constraint

array several antennas arranged togetherart|f|c|a| dielectric a dielectric material

in space and interconnected to produce a dethat has been modified to alter its proper-
sired radiation pattern. ties. Common modifications include micro-

machining to remove material from the sub-
strate under planar patch antenna to improve
radiation properties and the fabrication of pe-

pfiodic arrays of holes to realize guiding or
photonic bandgap structures.

array factor in antenna theory, the re-
sulting radiation pattern of an array when
each antenna in the array is replaced by a
isotropic radiator.

artificial intelligence  the study of com-
elements operating in lockstep in response toputer_ techmques that emulate aspects o.f.hu-
man intelligence, such as speech recognition,

a single instruction and performing compu- logical inferen nd ability to r o from
tations on data that are distributed across theJ'c&! INTE€TENCE, and ability to reason 1ro

processor elements. partial information.

array processor  an array of processor

artificial neural network a set of nodes
called neurons and a set of connections be-
tween the neurons that is intended to perform
intellectual operations in a manner not un-
like that of the neurons in the human brain.
In particular, artificial neural networks have
been designed and used for performing pat-
tern recognition operation&ee alsgattern
recognition perceptron

array signal processing  signal process-
ing techniques used for extracting informa-
tion based on signals from several (identical)
sensors, for example an antenna array con
sisting of several antenna elements.

arrester discharge current  the current
in an arrester during a surge.

arrester discharge voltage  the voltage  gartificialneuron  an elementary analog of

in an arrester during a surge. a biological neuron with weighted inputs, an
internal threshold, and a single output. When

ART network Seeadaptive resonance the activation of the neuron equals or exceeds

theory network the threshold, the output takes the vahig,

whichis an analog of the firing of a biological
artifact  an error or aberration in a signal neuron. When the activation is less than the
that is the result of aliasing, a quantization threshold, the output takes on the value 0 (in
error, some form of noise, or the distorting the binary case) o1 (in the bipolar case)
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representing the quiescent state of a biologi-ten used to reduce aberrations in optical sys-
cal neuron. tems.

artificial skin artificial skin is a de- assembler (1) a computer program that

vice which, when pressed against the surfacdranslates an assembly-code text file to an ob-

by an object, causes local deformations thatject file suitable for linking.

are measured as continuous resistance varia- (2) a program for converting assembly

tions. The latter are transformed into electri- language into machine code.

cal signals whose amplitude is proportional

to the force being applied to any given point assembly language a programming lan-

on the surface of the material of the device. guage that represents machine code in a
symbolic, easier-to-read form. See also

ASAP/RABET acronym for a computer assembler

code for optical systems by BRO, Inc., for

standard optical analysis and stray-lightanal-assert (1) raising the voltage on a wire to

ysis such as light-scattering. the “high” state, usually as a signal to some
other unit.
ASCII SeeAmerican standard code for (2) to make an assertion.

information interchange

assertion (1) a Boolean expression for
ASCR  Seaasymmetrical silicon controlled stating the right behavior of the program or,
rectifier. if hardware implemented, of a circuit.

(2) a logical expression specifying a pro-

ASIC  Seeapplication-specific integrated gram state that must exist or a set of condi-
circuit. tions that program variables must satisfy at a

particular point during program execution.
ASK  Seeamplitude-shift keying

associate mode  an operating mode of
askarel atrade name for an insulating oil. content addressable memories, in which a

stored data item is retrieved that contains a
ASM Seealgorithmic state machine field that matches a given key.

aspectratio (1) the size invariantratio of associated reference directions a
length to width for a rectangular box enclos- method assigning the current and voltage di-
ing a shape, the orientation of the box being rections to an electrical element so that a pos-
chosen to maximize the ratio. This measureijtive current-voltage product always means
is used to characterize object shapes as a prehat the element is absorbing power from the
liminary to, or as a quick procedure for, ob- network and a negative product always means

ject recognition. that the element is delivering power to the
(2) the ratio of width to height for an network. This method of assigning direc-
image or display. tions is used in most circuit simulation pro-

(3) in television or motion pictures, the grams.

algebraic ratio of picture width to height. At

present, the television format in the United associative memory amemory in which

States consists of a width to height ratio of 4 each storage location is selected by its con-

to 3. tents and then an associated data location can
be accessed. Requires a comparative with

aspheric  description of optical elements each storage location and hence is more com-

whose curved surfaces are not spherical, of-plex than random access memory. Used in
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fully associative cache memory and in some  (2) in contrast with a symmetric multipro-
translation look-aside buffers or page transla-cessor, asymmetric multiprocessor is a mul-
tion tables of the hardware to support virtual tiprocessor in which the processors are not
memory. Given the user-space address of assigned equal tasks. The controller (mas-
page it returns the physical address of thatter) processor(s) are assigning tasks to (slave)
page in main memory. Also called content processors and controlling 1/0 for them.
addressable memory (CAM).

asymmetric multivibrator a multivibra-
associative processor a parallel proces- tor where the output voltage represents a train
sor consisting of a number of processing el- of narrow pulses. Most asymmetric multivi-
ements, memory modules, and input—outputbrators use a slow charge of a large timing ca-
devices under a single control unit. The ca- pacitor by asmall current (or via a large resis-
pability of the processing elements is usually tor) and a fast discharge of this capacitor via
limited to the bit-serial operations. a switch. The charge process determines the

duration of space; the mark duration, which
associativity In a cache, the number of coincides with the time allowed for discharge
linesin a set. Am-way set associative cache ©f the timing capacitor, is usually determined
hasn lines in each set. (Note: the term by a small time constant of the circuit con-
“block” is also used for “line.”) trolling the switch. Asymmetric multivibra-
tors find applications in voltage-to-frequency
converters. Also called multivibrators with a

astable multivibrator the circuit that is .
small mark/space ratio.

obtained from a closed-loop regenerative sys-
tem that includes two similar amplifiers of
high gain connected with each other via cou-
pling circuits with reactance elements. More
frequently are used RC-coupling circuits
(free-running RC-multivibrators, emitter-
couplael multivibrators) yet RL-circuits,
usualy astransforme coils, may be usal as
well (magnetic multivibrators).

asymmetric resonator standing-wave

resonator in which either the reflectivities or

the curvatures of the primary mirrors are un-
ual.

asymmetrical silicon controlled rectifier
(ASCR) (1) an inverter grade SCR fab-
ricated to have limited reverse voltage capa-
bility. Fabrication with asymmetrical volt-

astigmatism adefec associaigwith op- age blocking capability in the forward and
tical and electrostatic lenses where the Magieverse direction permits reduction of turn-

n:gﬁzgc')r;cl)?n?:;;hvihsearrgﬁelzgrtr:/vorgrtgOagt?::lison time, turn-off time, and conduction drop.
P ’ propag (2) a thyristor that has limited conduc-

not along the axis of rotation of th tem. . ‘. . . .
otalong the axis ot rotation ot the syste tion in the reverse direction to gain increased

o ) . switching speed and low forward voltage
asymmetric digital subscriber line (ADSL) 4o see alsosilicon controlled rectifier
a digital subscriber line (DSL) in which the (SCR)

rate from central switching office (CO) to
customer premise is much faster than the rateasymptotic 2.D observer

, a system de-
from customer premise to CO.

scribed by the equations

asymmetric multip rocesso (1) ama-
chine with multiple processors, in which the
time to access a specific memory address is
different depending on which processor per- + Hiyita,j + H2yi j+1
forms the request. Xij=Lzij+ Ky

Zitl,j+1 = Fiziy1j + Fozij+1
+ Giuiy1,j + Gouj j+a
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i, j € Z, (the set of nonnegative integers) is that start “sufficiently close,” approach this
called a full-order asymptotic observer of the point in time. See alsstable equilibrium
second generalized Fornasini-Marchesini 2-

D model asymptotically stable in the large  the
equilibrium state of a stable dynamic system
Exiy1j+1 = ArXiv1j + A2Xi ji1 described by a first-order vector differential
+ Bauiy1,j + Baui j+1 equation is said to be asymptotically stable in
vij = Cxi j + Du; the large if its region o_f attraction is_the entire
spacei”. See alsaegion of attraction
i,j (S] Z+ if
) ) asymptotically stable state  the equilib-
l.’]l.'ﬂ"oo [Xi,j - xi,j] =0 rium state of a dynamic system described by a

N first-order vector differential equation is said
for any u; j, yi,; and boundary conditions o pe asymptotically stable if it is both con-

xio fori € Z, andxo; for j € Z, where  yergent and stableSee alsatable statand
zi,j € R" is the local state vector of the ob- conyergent state

server at the pointi, j), u;; € R™ is the
input, y; ; € R” is the output, and; ; € R"
is the local semistate vector of the modei,
F>,G1,G2,H1,H>,L,K,E, A1, A, By, B,
C, D are real matrices of appropriate dimen- aSynchronous AC systems ~ AC systems
sions withE possibly singular or rectangular. €ither with different operating frequencies or
In a similar way a full-order asymptotic ob- thatare notin synchronism.
server can be defined for other types of the
2-D generalized models. asynchronous bus  a bus in which the
timing of bus transactions is achieved with
asymptotic stability (1) an equilibrium  two basic “handshaking” signals, a request
state of a system of ordinary differential signal from the source to the destination and
equations or of a system of difference equa-an acknowledge signal from the destination
tions is asymptotically stable (in the sense of to the source. The transaction begins with
Lyapunov) if it is stable and the system tra- the request to the destination. The acknowl-
jectories converge to the equilibrium state asedge signal is generated when the destination
time goes to infinity, that is, the equilibrium is ready to accept the transaction. Avoids
Xeq IS asymptotically stable if it is stable and the necessity to know system delays in ad-
vance and allows different timing for differ-
X(t) = Xeq @St — 00.. ent transactionsSee als@ynchronous bus

asynchronous not synchronous.

(2) ameasure of system damping with ré- 5o nchronous circuit (1) a sequential

gard to a power system’s ability to reach its logic circuit without a system clock.
original steady state after a disturbance.

(2) a circuit implementing an asyn-
asymptotic tracking  refers to the abil- chronous system.
ity of a unity feedback control to follow its
setpoint exactly with zero error once all tran- asynchronous demodulation  a tech-
sients have decayed away. Clearly thisis onlynique for extracting the information-carrying
achieved by stable systems. waveform from a modulated signal with-

out requiring a phase-synchronized carrier

asymptotically stable equilibrium  asta- for demodulation. See alsosynchronous
ble equilibrium point such that all solutions demodulation
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asynchronous machine Seeinduction Atanasoff is best known for his invention,
machine along with Clifford Berry, of the first digi-
tal computer, known as the ABC (Atanasoff-

asynchronous operation ~ atermtoindi- Berry Computer). Unlike the many World
cate that a circuit can operate or a communi-\War Il computer pioneers, Atanasoff's in-
cation system can transmit information when terest in the topic dated to his Ph.D. the-

ready without having to wait for a synchro- Sis research at the University of Wisconsin.
nizing clock pulse. After graduation Atanasoff taught physics

and mathematics at lowa State College and

asynchronous system  a (computer, Gir- continued to work on the problem of solv-

cuit, device) system in which events are not ing lengthy c.alculation by electronic means.
executed in a regular time relationship, that -€9€nd has it that Atanasoff worked out the

is, they are timing-independent. Each eventPasic structure for his new machine while
or operation is performed upon receipt of a Naving a drink at an lllinois road house.
signal generated by the completion of a pre_Cllf'ford Berry, an eIeptncaI engineer J.omed
vious event or operation, or upon availability Atanasoff to help with the construction of

of the system resources required by the eventhe device based on Atanasoff's ideas. John
or operation. Mauchly, another computer pioneer often

visited and consulted with Atanasoff. These
discussions resulted in a later lawsuit that es-
tablished Atanasoff as the first person to build
an electronic digital computer.

asynchronous transfer mode (ATM)
method of multiplexing messages onto a
channel in which channel time is divided into
small, fixed-length slots or cells. In ATM
systems the binding of messages to slots isATM  Seeasynchronous transfer made
done dynamically, allowing dynamic band-

width allocation. ATM is asynchronous in a1 adaptation layer (AAL) alayerin
the sense that the recurrence of cells containipe ATM protocol hierarchy that adapts the
ing information from an individual user is not (small) cell-sized payloads to a form more
necessarily periodic. suitable for use by higher layer protocols. For
example, AAL5 performs segmentation and
asynchronous updating  one unit at a reassembly to map between 48-byte payloads
time is selected from within a neural network and variable length data segments.
to have its output updated. Updating an out-
put at any time is achieved by determining
the value of the unit's activation function at
that time.

atmosphere a convenient measure of
pressure. 1 std atm = 14.696 psia (pounds
per square inch absolute).

AT bus bus typically used in personal

computer IBM AT for connecting adapters atmospheric attenuation decrease in the

and additional memory boards. It is called @mplitude of a signal propagating through the

also 16 bit ISA bus since it presents a data busatmosphere, due primarily to absorption and

at 16 bit. It presents an additional connector SCatter.

with respect to the classical ISA bus (at 8 bit)

of IBM PCs based on Intel 8088See also  gtmospheric duct  a thin layer of atmo-

EISA. sphere near the earth that acts as a waveguide,
the electromagnetic field, trapped within the

Atanasoff, John Vincent  (1903-) Born:  duct, can travel over long distances with very

Hamilton, New York, U.S.A. little attenuation.
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atom  a particle of matter indivisible by ATRC  SeeAdvanced Television Research
chemical means, whichis chemically neutral. Consortium

It is the fundamental building block of the

chemical elements. attachment  one of the events which pre-
cede a lightning stroke to the earth. Attach-
ment occurs when the stepped leader from
eling primarily in one direction. In prac- the thundercloud mak(_as contact with one of
tice, atomic beams are usually realized byseveral streamers which emanate from the

the expansion of an atomic vapor into a vac- ground or structures on the earth. The return

uum through a small aperture. The resulting Stroke follows immediately. Seestreamer
expanding cloud of atoms is usually made StePPed leadgreturn stroke

nearly unidirectional by a collimator that

blocks or otherwise removes all atoms not ltachmentprocess  aprocess that occurs

propagating within a narrow range of angles. " lightning when one or more stepped leader
branches approach within a hundred meters

) ) or so of the ground and the electric field at
atomic force microscope (AFM) @ the ground increases above the critical break-
microscope in which a sharp probe tip is yon field of the surrounding air. Atthattime
scanned across a surface, with plezoelectncOne or more upward-going discharges is ini-
ceramics being used to control position in tated. After traveling a few tens of meters,
three dimensions. The lateral (in-plane, or x- one of the upward discharges, which is essen-
y) positions are raster scanned, while the ver-a 1y at ground potential, contracts the tip of
tical dimension is controlled by a feedback ,,a pranch of the stepped leader, which is at

circuit that maintains constant force. The im- a high potential, completing the leader path
age produced is a topograph showing surfacg,, ground. ’

height as a function of position in the plane.

atomic beam a source of atoms trav-

attainable set for discrete system the set
atomic instruction an instruction that of all the possible ends of system trajectories
consists of discrete operations that are all exe-at timer; starting from zero initial conditions
cuted as a single and indivisible unit, without at timezg. DenteodK (1o, 11).
interruption by other system evenSee also K (10, 11) is defined for zero initial state as
test-and-set instructip@tomic transaction  follows

atomictransaction the sameasanatomic K (ko k1) = (x e R":

instruction, except that the notion of being Jj=k1—1

atomic applies to a transaction, which may x = Z F (k1, j +1) B(jHu(j) :

be a sequence of operations, no intermedi- j=ko

ate states of which may be seen or operated u(j) € R™)

upon by another transactioSee als@tomic

Instruction Therefore, controllability in[ko, k1] for
discrete dynamical systemis equivalentto the

atomic transition coupling of energy condition

levels in an atom by means of absorption or

emission processes. K (to, 1) = R"

atomic vapor a material composed of Using the concept of the attainable set it
atoms that preferentially exist as monomersis possible to express the remaining types of
in the vapor phase. controllability for discrete system.
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attenuated total reflection the phe- the form
nomenon associated with the appearance of a
reflection minimum identified with the gen- aj:U—{-101".
eration of surface waves at the metal — air
interface in a prism, air, metal arrangement.
attribute set a set of vectors (signals)
attenuation the exponential decrease lying in metric space that possess prescribed
with distance, in the amplitude of an elec- properties.
tric signal traveling along a very long trans-
mission line due to losses in the support- audio science of processing signals that
ing medium. In electromagnetic systems at-are within the frequency range of hearing,
tenuation is due to conductor and dielectric thatis, roughly between 20 hertz and 20 kilo-
losses. In fiber optic systems attenuationhertz. Also, name for this kind of signal.
arises from intrinsic material properties (ab-
sorption and Rayleigh scattering) and from audio channels the portion of the cir-
waveguide properties such as bending, mi-cuit containing frequencies that correspond
crobending, splices, and connectors. to the audible sound waves. Audio frequen-
cies range from approximately 15 hertz to
attenuation coefficient Seeabsorption 20,000 hertz.
coefficient
audio coding  the process of compress-
attenuation constant  the real part of the ing an audio signal for storage on a digital
complex propagation constant for an electro-computer or transmission over a digital com-
magnetic wave. munication channel.

attenuator a device or network that ab- audio follow-video switcher (AFV) a
sorbs part of a signal while passing the re- switcher that simultaneously switches the

mainder with minimal distortion. video and audio information. The term is
associated with the action of the audio signal
attractor an asymptotic state of a dy- and corresponding video signal switching to-

namical system of which there are three basicgether.

types. Either (i) the system comes to rest and

the attractor is a fixed point in state space,augmented code acode constructed from

(ii) the system settles into a periodic motion another code by adding one or more code-

known as a limit cycle, or (iii) the system words to the original code.

enters a chaotic motion, in which case the

attractor is called strange. aural subcarrier in a composite tele-
vision signal, the frequency division multi-

attribute a special function in Pawlak’s plexed carrier placed outside the visual pass-

information system. Pawlak’s information band that carries the audio modulation. In

systemsS is a pair(U, A) where the set/ is  the NTSC (United States) system, itis placed

called the universe and hasmembers de- 4.5 Mhz higher than the visual carrier.

notedx;, while the setA consists omn func-

tion on the universé/ These functions are auto-regressive moving-average model

called the attributes and denotagd The at- (ARMA) the discrete-time input—output

tributes are vector-valued functions that may model in which the current output depends

be interpreted, for example, as issues undeboth on its past values (auto-regressive part)

negotiation by the members of the universe and the present and/or past values of the input

U An example of an attribute is a function of (moving-average part).
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autoassociative backpropagation network (2) forarandom vector, a measure of the
a multilayer perceptron network that is mean-square variability of arandom vector

trained by presenting the same data at bothabout its mean:

the input and output to effect a self-mapping. -

Such networks may be used for dimensional ~ Ax = E [(x — Elx])(x — E[x]) ] .

reduction by constraining a middle, hidden

layer to have fewer neurons than the input

and output layers.

See als@utocorrelationcovariance

autodecrementing (1) an addressing

mode in which the value in aregister is decre-

mented by one word when used as an address.
(2) in high-level languages, operation

autobank an array of autotransformers .

autoconfiguration a process that deter-
mines what hardware actually exists during
the current instance of the running kernel
at static configuration time. It is done by wherei is arbitrary variable, register or mem-
the autoconfiguration software that asks theory location.
devices to identify themselves and accom-  (3) in machine code, more generally, the
plishes other tasks associated with events ocprocessor decrements the contents of the reg-
curring during the autoconfiguration of de- ister by the size of the operand data type;
vices. For instance, PCI devices have auto-then the register contains the address of the
configuration capabilities and do not have to operand. The register may be decremented
be configured by users. by 1, 2, 4, 8, or 16 for byte, word, long-
word, quadword, or octaword operands, re-
autocorrelation  a measure of the statis- spectively.

tical dependence between two samples of the
same random process. For a random procesautoincrementing (1) an addressing
X (1), the auto-correlation is the expectation mode in which the value in aregister is incre-
mented by one word when used as an address.
Rux (11.12) = E[X (1) X (12)]. Y

(2) in high-level languages: operation
See als@ross-correlation

i——=i=i-1

it+=>i=i+1

aultocor]rce:ﬁtlon flé”Ctt'O”f . the %xpected' wherei is arbitrary variable, register or mem-
value of the product of two random vari- o\ oo

ables generated from a random process for (3) in machine code, after evaluating the

two time instants; It represents their inter- operand address contained in the register, the

de{)endencleil Tr;e Fgungr :Lansform of the processor increments the contents of the reg-
autocorreclation function is the power spec- ister by 1, 2, 4, 8, or 16 for a byte, word, long-

trum (power spectral density) for the random word, quadword, or octaword, respectively.
process.

automated meter reading (AMR)  the
use of meters which have the capability of
transmitting at the least consumption infor-
mation to the utility through some means of
electronic communication.

autocorrelator a circuit that computes
the autocorrelation function.

autocovariance (1) for arandom process
f (1), ameasure of the variability of the mean-

removed process: automatic (1) property pertaining to a

Crlti 1) = E| f@t T process or a device that functions without in-
7, 2) [f( () ] tervention by a human operator under speci-
—E[fDIE[f(12)"]. fied conditions.
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(2) a spring-loaded tension sleeve into interconnected system, scheduled power in-
which a conductor or other wire is inserted terchanges are maintained by means of con-
for tensioning and attachment to a pole or trolling area generations.

other fixture. S
(2) electronic circuitry used to keep the re-

automatic allocation  allocation of mem- ceived signal properly placed within the de-

ory space to hold one or more objects Whose'so\'lr:%j I.F friqu_entlzy ranﬁje(.j tlr? t:lg}lljsp‘ns,tthe
lifetimes match the lifetime of the activation - CIrCUItry 1S a"so catedine or-auto-
of amodule, such as a subroutine. Automaticmatlc fine tuning” section. The AFC circuit

allocations are usually made upon entry to awill generate an error signal if the input fre-
subroutine quency to the IF drifts above or below the

IF frequency. The error signal is fed back
to vary the local oscillator frequency in the
tuner sectionSee als@utomatic fine tuning
(AFT).

automatic black-level control  electronic
circuitry used to maintain the black levels of
the video signal at a predetermined level. The
black level reference is either derived from
the image or from the back porch of the hor- automatic gain control (AGC)  amethod
izontal blanking interval. to control the power of the received signal
in order to be able to use the full dynamic
automatic chroma control (ACC) ACC range of the receiver and to prevent receiver
is usedto correct the level of the input chroma saturation.
signal. Typically, the ACC circuitry makes
corrections to the chroma, based on the rela-

. . automatic generation control (AGC)
tive degeneration of the color burst reference o

. . . : phrase describing the computer-based pro-
signal, since this signal will have been sub-

jected to the same degradation. cess by which_ electri_c utilities c_ont_rol indi-

vidual generating stations to maintain system
frequency and net interchange of power on a
highly interconnected transmission grid. Au-
tomatic generation control (AGC) systems
monitor grid frequency, actual and scheduled
power flows, and individual plant output to
maintain balance between actual and sched-
uled power production, both within transmis-
sion control areas and at individual gener-
ating stations. Control is generally accom-
plished by adjusting the speed control (or
droop) characteristics of individual generat-
ing units. Control actions are determined by
b_planned production schedules and power ex-
change agreements among participating util-
ities.

automatic circuitrecloser  Seeecloser

automatic fine tuning (AFT) one of
the input circuits of a color television re-
ceiver specifically designed to maintain the
correct oscillator frequency of the tuner
for best color reproduction of the picture.
The circuit is sometimes called the auto-
matic frequency controlSee als@utomatic
frequency control (AFC)

automatic focusing  on an optical disk,
the process in which the distance from the o
jective focal plane of the disk is continuously
monitored and fed back to the disk control
system in order to keep the disk constantly in
focus. automatic level control (ALC) a feed-

back system where an RF signal from a
automatic frequency control (AFC) (1)  source is sampled, detected, and sent to a
an automatic feedback control system thatvoltage controlled attenuator to maintain a
is used to maintain active power balance by constant amplitude output over a specified
means of the speed governor system. In arband of frequencies.
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automatic repeat request (ARQ) aner- (2) a machine that follows sequence of in-

ror control scheme for channels with feed- structions.

back. The transmitted data is encoded for (3) any automated device (robots, me-

error detection and a detected error results inchanical and electromechanical chess au-

a retransmission request. tomata). Automata (plural of automa-
ton) theory studies various types of au-

automatic tracking on an optical disk, tomata, their properties and limitationSee

the process in which the position of the disk alsocellular automatoyfinite state machine

head relative to the disk surface is constantly (FSM).

monitored and fed back to the disk control

system in order to keep the read/write beamautonomic that partof the nervous system

constantly on track. which controls the internal organs.

automatic transfer switch  a self-acting autonomous operation operation of a se-

switch which transfers one or more load con- quential circuit in which no external signals,

ductor connections from one power source toother than clock signals, are applied. The

another. necessary logic inputs are derived internally
using feedback circuits.

automatic voltage regulator (AVR)  an

automatic feedback control system that is re-autonomous system  a dynamic system

sponsible for maintaining a scheduled volt- described by a first-order vector differential

age either at the terminals of a synchronousequation that is unforced and stationary. In

generator or at the high-side bus of the gen-other words, such a system is governed by an

erator step-up transformer. The control is equation of the form

brought about by changing the level of ex-

citation. x(1) = f(x(1))

automation  refers to the bringing to- Seealsounforce systen and stationay .
gether of machine tools, materials handling

process, and controls with little worker inter- )
vention, including autoregressive (AR) a pth order autore-

s gressive process is a discrete random pro-
that integrates various mechanisms to pro-C€SS that is generated by passing white noise

duce an item with relatively few or noworker through an all-pole digital filter having
operations, usually through electronic con- POIes. Alternativelyx(n] is a pth order AR
trol- process if

2. self-regulating machines (feedback) ne1
that can perform highly precise operations in x[n] = Z alilx[i] + qlnl.
sequence; and

3. electronic computing machines.

In common use, however, the term is of- Autoregressive processes are often used to
ten used in reference to any type of advancedmodel signals since they exhibit several use-
mechanization or as a synonym for techno-ful properties.See alsanoving average
logical progress; more specifically, it is usu-
ally associated with cybernetics. autotransformer a power transformer

that has a single continuous winding per

automaton (1) a fundamental concept phase, part of this winding being common
in mathematics, computer engineering, andto both the primary and the secondary sides.
robotics. As a result, these voltages are not isolated

1. a continuous flow production proces

i=n—p
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but the transformer is reduced in weight and available power gain ratio of power

size. Autotransformers are most suited for available from a network to the power avail-

relatively small changes in voltage. Three able from the source.

phase autotransformers are by necessity con-

nected in a wye configuration. avalanche breakdown  process that oc-
curs in a semiconductor space charge region

autotransformer starter a single three-  under a sufficiently high voltage such that the

phase autotransformer or three single phaséet electron/hole generation rate due to im-

transformer used to start induction motors at pact ionization exceeds certain critical value,

a reduced voltage. causing the current to rise indefinitely due
to a positive feedback mechanism. The I-R
auxiliary memory See secondary heating caused during this process can per-
memory manently degrade or destroy the material.
auxiliary relay a relay employed in avalanche injection the physics whereby

power system protection schemes that doe€!€ctrons highly energized in avalanche cur-
not directly sense fault presence and loca-"€Nt at a semiconductor junction can pene-
tion. Typical auxiliary relays include lockout trate into a dielectric.

relays, reclosing relays, and circuit breaker _ )
anti-pump relays. avalanche photodiode (APD) a photodi-

ode (detector) that provides internal current
auxiliary winding awinding designed to gain. Used in optical communication sys-

be energized occasionally for a specific pur- tems When there is limited optical power at
pose, such as starting a single-phase motort.he receiver.

The power to the winding may be controlled
by various means including a timer, centrifu-
gal switch, current sensing relay, or voltage
(counter EMF) sensing relay.

average optical power time average of
the optical power carried by a non-CW opti-
cal beam.

average picture level (APL) describes
the average (mean) changes in a video signal
due to a changing brightness of the visual im-
age. The APL is typically expressed in terms
of apercentage (10-15% for dark pictures and
75-90% for bright pictures). Changes in the

1- outage APL can effect linearity unless DC restora-

tion or clamping circuits are included in the

See alsmutage video circuitry.

availability  the probability that a system
is operating correctly and is available to per-
form list functions at the instant of time
Also defined as the value

available bit rate (ABR) ATM conges-  average power the average value, taken
tion control algorithm that enables a source to over an interval in time, of the instantaneous
discover the bit rate available between it and power. The time interval is usually one pe-
a destination in a network. The source trans-riod of the signal.

mits a resource manager cell containing the

desired bit rate; each switch this cell passesaverage-value model a mathematical
through adjusts the bit rate down to what it representation in which the average value of
can support. Upon reaching the destination,variables are used to model a system. In elec-
the cell contains the available bit rate and is tric machines and drives, system variables are
returned to the source. typically averaged over various switching in-
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tervals. This eliminates the high-frequency Ayrton, William Edward (1847-1908)
dynamics, but preserves the slower dynam-Born: London, England
ics of the system. Ayrton is best known as the inventor of
a number of electrical measurement devices
averaging  the sum of N samples, im- and as an engineering educator. Ayrton’s
ages or functions, followed by division of early work was with the Indian Telegraph
the result byN. Has the effect of reduc- Service, after which he studied with William
ing noise levels. See alsablurring, image  Thomson (Lord Kelvin) in Glasgow. Af-
smoothing mean filtey noise smoothing  ter several more telegraph assignments Ayr-

noise suppressigsmoothing ton traveled to Tokyo, where he established
_ the first electrical engineering teaching lab-
AVR  Seeautomatic voltage regulator oratory at the Imperial Engineering College.

. . Among his many inventions he is credited
AWG  American Wire Gauge, a system jth the ammeter and an improved voltmeter.
of wire sizing used in the USA especially His wife Bertha was also an active researcher
in smaller conductors used in residential and gnd became the first woman to be admitted

commercial wiring. to the Institute of Electrical Engineers.
AWGN Seeadditive white Gaussian azjmuth recording  a recording scheme
noise whereby the datais recorded at an acute angle

] ) fromthe direction of movement of the record-
axon  the conducting portion of a nerve jng medium. Used in the recording scheme

fiber — a roughly tubular structure whose f\igeq information, FM radio, and audio in
wall is composed of the cellular membrane \,cRrs.

and is filled with an ionic medium.

ﬂ

POWEREN.IR
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Babinet principle  principle in optics that
states that the diffraction patterns produced
by complementary screens are the same ex-
B cept for the central spot. It can be rigorously

proved both for acoustic and electromagnetic
waves. The Babinet’s principle for scalar
fields is the following: letp be the resul-

B coefficient  Sedoss coefficient tant field inz > O due to the incident fielg;
from z < 0 and letp, be the total field when

B-ISDN See broadband integrated the same incident wave falls on the comple-

services digital network mentary screen. Then, in> 0,

B-mode display returned ultrasound P+ pr=pi
echoes displayed as brightness or gray-scale
levels corresponding to the amplitude versusb

depth into the body. ack inamotor, the end that supports the

major coupling or driving pulley.
B-site  in a ferroelectric material with the
chemical formula AB@, the crystalline lo-
cation of the B atom.

back EMF Seecounter-EMFE

back end that portion of the nuclear fuel
cycle which commences with the removal of

B-spline  the shortest cubic spline consist- spent fuel from the reactor.

ing of different three-degree polynomial on
four intervals; it can be obtained by convolv-

. ! back porch  a 4.7 microsecond region in
ing four box functions.

the horizontal blanking interval of the NTSC

composite video signal that contains a burst

Babbage, Charles  (1792-1871) Born: of eight to ten cycles of the 3.579545 MHz

Totnes, Englgnd L (3.58 MHz) color subcarrier. The back porch
Babbage is best known for his ideas on o nies 79 of the total horizontal line time:

mechanical computation. Babbage is said t0gtqting at the end of the horizontal line sync

have been disgusted with the very inaccuratégjgna| and ending with the start of the video.

logarithm tables of his day, as well as ap-

palled by the amount of time and people it hackphone  wiring that runs within and be-

took to compute them. Babbage attemptedyyeen floors of a building and connects local-

to solve the problem by building mechan- 5re5 network segments together.

ical computing engines. The government-

funded Difference Engine was beyond the packfeed  in power distribution work,

technology of the craftsman who attempted power which flows from the secondary lines

to build it. Undeterred, Babbage followed into the primary lines through the distribution

this failure with the larger and more complex transformere.g.from an emergency genera-

Analytical Engine (also unfinished). The tor connected to customer load.

ideas behind the Analytical Engine formed

the basis for Howard Aiken’s 1944 Mark backflash  an arc which forms along a

| computer. Babbage’s assistant, Ada Au-tower during a lightning strike due to high

gusta, the Countess of Lovelace and the poetower or footing impedance.

Lord Byron’s daughter, is honored as the first

programmer for her work and because herbackground (1) refers to the received

meticulous notes preserved the descriptionsvector power level of an electromagnetic

of Babbage’s machines. measurement (usually radar cross section)

©2000 by CRC Press LLC



with no target present. The background software control, loading data to RAM when
includes the collective unwanted power re- it is needed and returning it to the backing
ceived from sources other than the desiredstore when it has been unused for a while.
target under test such as positioners, foam
columns, fixtures necessary to support a tar-backing storage ~ Seebacking memory
get, and the room or ground environment.
The background level is vectorially sub- backoff a technique used in amplifiers
tracted from the received level with the target when operated near saturation that reduces
present to obtain the raw data set for a partic-intermodulation products for multiple carri-
ular target. ers. In its implementation, the drive signal
(2) any unwanted signal. The background is reduced or backed off. Input backoff is
is a lower limit on the detection of small sig- the difference in decibels between the input
nals when devices are used to make a meapower required for saturation and that em-
surementin an experimental setup. The meafployed. Output backoff refers to the reduc-
surementis a superposition of events from thetion in output power relative to saturation.
experiment itself and events from all other
sources including the background. backplane  Seebackplane bus

background noise the noise thattypically backplane bus  a special data bus espe-
affects a system but is produced independentially designed for easy access by users and
of the system. This noise is typically due to allowing the connection of user devices to
thermal effects in materials, interpreted as thethe computer. It is usually a row of sockets,
random motion of electrons, and the intensity each presenting all the signals of the bus, and
depends on the temperature of the material. each with appropriate guides so that printed
In radio channels, background noise is typi- circuit cards can be inserted. A backplane
cally due to radiation that is inherent to the differs from a motherboard in that a back-
universe and due mainly to radiation from plane normally contains no significant logic
astronomical bodies. There is a fundamen-circuitry and a motherboard contains a sig-
tal lower bound on the intensity of such noise nificant amount of circuitry, for example, the
whichis solely dependent on the universe andprocessor and the main memory.
independent of antenna and receiver design.

See alsathermal noisg noise temperature backplane optical interconnect See
noise figure board-to-board optical interconnect

background subtraction  forimages, the backprojection an operator associated
removal of stationary parts of a scene by sub-with the Radon transform

tracting two images taken at different times. ] o

For 1-D functions, the subtraction of a con- ¢(s5.0) = /+lnfty +infty )

stant or slowly varying component of the ’ —infty J—infry ’

function to better reveal rapid changes. 3(x cosh + ysind —s) dx dy.

backingmemory  the largest and slowest The backprojection operator is defined as
level of a hierarchical or virtual memory, usu-

ally adisk. Itis used to store bulky programs

or data (or parts thereof) not needed imme- 2+ Y) =
diately, and need not be placed in the faster

but more expensive main memory or RAM. b(x,y) is called the backprojection of
Migration of data between RAM and back- g(s, 9). b(x, y) is the sum of all rays that
ing memory is under combined hardware andpass through the poirik, y).

T
/ g(x cost + ysing, 0) db.
0

©2000 by CRC Press LLC



backpropagation the way in which error  (as opposed to the frontside bus connecting
terms are propagated in a multilayer neuralto the main memory).

network. In a single layer feedforward net-

work, the weights are changed if there are dif- backward error recovery  atechnique of
ferences between the computed outputs anakrror recovery (also called rollback) in which
the training patterns. For multiple layer net- the system operation is resumed from a point,
works, there are no training patterns for the prior to error occurrence, for which the pro-
outputs of intermediate (‘hidden’) layer neu- cessing was backed up.

rons. Hence the errors between the outputs

and the training patterns are propagated tobackward wave interaction  interaction
the nodes of the intermediate neurons. Thebetween backward propagating microwave
amount of error that is propagated is propor- electric fields against an electron stream and

tional to the strength of the connection. the electron in the electron beam. The di-
rection of propagating microwaves and the
backpropagation algorithm a super- direction of motion of electrons in the beam

vised learning algorithm that uses a form are opposite each other.

of steepest descent to assign changes to the

weights in a feedforward network so as to re- backward wave oscillator (BWO)  ami-
duce the network error for a particular input crowave oscillator tube that is based on a
or set of inputs. Calculation of the modifica- backward wave interaction.

tions to be made to the weights in the output )

layer allows calculation of the required mod- balanced  Seebalanced line

ifications in the preceding layer, and modi-

fications to any further preceding layers are Palanced amplifier  an amplifierin which
made a layer at a time proceeding backwarddwo single-ended amplifiers are operated in

toward the input layer; hence the name of the Pparallel with 90 degree hybrid. Balanced am-
algorithm. plifiers feature a low voltage standing wave

ratio because of an absorption of reflected
power at the terminating resistor of the hy-

backscatter energy from areflected elec- brids

tromagnetic wave. In optics, the optical en-
ergy that is scattered in the reverse direction
from the transmitted optical energy in an op-
tical fiber transmission link or network. The

balanced code a binary line code that

ensures an equal number of logic ones and

backscattered energy comes from impuritiesIOgIC zeros in the encoded bit sequence. Also
called a DC-free code because the continuous

in the fiber; mechanical or environmental ef- .

. . component of the power spectral density of
fects that cause changes in the attenuation
. o : a balanced encoded sequence falls to zero at
in the fiber; connectors, splices, couplers,Zero frequenc
and other components inserted into the op- q Y-
tical fiber network; and faults or breaks in

the optical fiber. balanced line  symmetric multiconduc-

tor transmission line in which the voltage on
each conductor along the transmission line
backscattering  the reflection of a por- a5 the same magnitude, but the phases are
tion of an electromagnetic wave back in gych that the voltage would sum to zero. In
the direction of the wave sourceSee also 3 two conductor transmission line, the volt-
backscatter ages would be equal and 180 degrees out of
phase. This is the equivalent of a virtual
backside bus  a term for a separate bus ground plane or zero E-field plane at the ge-
from the processor to the second level cacheometric center plane of the transmission line
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cross section, or balanced with respect to vir-of the response curve. Frequency changes
tual ground. Balanced wiring configurations (FM) will result in corresponding amplitude
are often used to prevent noise problems suckchanges that are then sent to an AM detector.
as ground loopsContrast withunbalanced The balanced version is two slope detectors
line. connected in parallel and 180 degrees out of
phase.
balanced load a load on a multi-phase
power line in which each line conductor sees ball grid array (BGA) a modern high
the same impedance. I/O count packaging method. It reduces the
package size and its pin-to-pin trace gap in
balanced mixer anonlinear 3-portdevice order to integrate more functions and relia-
(two inputs, one output) used to translate anpility in a single space. Itcan have as many as
input signal’s frequency component either up 324 pins. BGA sockets are high speed, high
or down the frequency spectrum by generat-reliability, surface-mountable, and can be in-
ing the sum and difference of two or more stalled without soldering. The related terms
frequencies present at its inputs. The threeare PBGA—plastic ball grid array, CBGA—
ports are termed RF (radio frequency), LO ceramic ball grid array, TBGA—tape auto-
(local oscillator), and IF (intermediate fre- mated bonded ball grid array. The disadvan-
quency). A balanced mixer translates the tage of BGA packaging is that new tools and
frequency components found in the RF in- skills are required to mount or replace the

put signal to the IF output in such a manner chipset manually for repair purposes.
as to minimize the amount of LO noise arriv-

ing at the IF. This reduces the mixer's over- pajjast a starting and control mecha-

all noise figure and increases its sensitivity. nism for fluorescent and other types of gas-
Other advantages of these mixers include iM-gischarge lamps. Initially a ballast supplies

proved local oscillator isolation and linearity ¢ necessary starting (or striking) voltage in

and higher power handling ability. order to ionize the gas to establish an arc be-
. tweenthe two filamentsin the lamp. Oncethe
balanced modulator a modulator in 55 js jonized, the ballast controls the input

which the carrier and modulating signal are power and thus the light output to maximize
introduced so that the output contains the twoi,e efficiency and life of the lamp.

sidebands without the carrier.

balanced ration  in n-oh ircuit balun a network for the transformation
alanced operatio n-phase CIreults — g5 an unbalanced transmission line, sys-

(n > 1), an operating condition in which the tem or device to a balanced line, system or
voltages (currents) of the phases are equal'device. Baluns are also used for impedance

amplitude sinusoids with phase-angles dis-y\tormation. Derived from “balanced to

placed by a specific angle. The angle(¢) unbalanced.”

is a function of the number of phases (n). For
n =2, ¢ = 90 degrees, fon = 3, ¢ = 120 In antenna systems, baluns are used to

degrees. In machine analysis the term uhal-cONNect dipole-type antennas to coaxial ca-

anced” s also used to describe a machine thaP'€: 1 balance the current on dipole arma-
has symmetrical phase windings. tures, and to prevent currents from exciting

the external surface of the coaxial shield.

balanced slope detector an arrangement See also balancedunbalancedine.

of two detectors designed to convert an FM

signal to AM for detection. This is accom- band reference name for a range of fre-
plished by setting the IF center frequency quencies. Current defined bands include the
so that it falls on the most linear portion following.
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Band Name Reference Range 1G9 |

L-band 1.12 - 1.7 GHz ! :
X 8.2-12.4 GHz ! ;

Ku 12.4 - 18 GHz G G @®
sa 25665_ '7;06(';_:;2 Band-pass filter response.

W 75-110 GHz

band-pass network  a configuration of
solely passive components or combination of
active and passive components that will at-
band gap  the energetic gap between the tenuate all signals outside of the desired range
conduction and valence band edges of a maof frequency.

terial (usually referred to semiconductors).

] ] o band-pass signal a signal whose Fourier
band stop filter filter that exhibits fre-  yransform or spectrum approaches zero out-
guency selective character!stlc su_ch that fre-gjge g given frequency band. Ideally, the
guency components of an input signals passspectrum should equal zero outside the band,
through unattenuated from input to outputex- p ¢ this is difficult to achieve in practice. This
cept for those frequency components coinci- may pe described mathematically as follows:
dent with the filter stop-band region, which let X (w) be the Fourier transform of the sig-

are attenuated. The stop-band region of the, 5. Then, for a band-pass signal we have
filter is defined as a frequency interval over X(w) = 0 for |o| & [w1,wp], for some

which frequency components of the input o _ w1 < w2
signal are attenuated.

band-reject filter ~ Seeband-stop filter
band structure the energy versus mo-
mentum relationship for an electron in a pe-

riodic crystal. band-stop filter a filter which attenu-

ates only within a finite frequency band and
leaves the signal unaffected outside this band.
See alsoband-pass filter high-pass filter
low-pass filter

band-limitedsignal asignak (z) is saidto
be band limited if its Fourier transforiXi(w)
is zero for all frequencies > w,, wherew,

is called the cutoff frequency.
bandgap energy  in materials with band

band-passfilter  (1)acircuitwhosetrans- €nergy levels, the minimum energy needed

fer function, or frequency responsé(w) is 0 excite a charge carrier from a lower to an

zero or is very small for frequencies not in a UPPer bandSee als@bsorption edge

specified frequency band. In a strict sense

H(w) = 0 for |w| ¢ [w1,wy] for some bandgap engineering  in materials such

0 < w1 < wp. Compare withlow-pass as compound semiconductors and superlat-

filter, high-pasfilter, notch, band-rejecfilter.  tice structures, the fabrication of materials

with specific bandgap energies by varying the

(2) anelectronic or electrical circuitwhich  fractional proportions of the constituents and

has the response shown in the figure below.by varying superlattice layer thicknesses.

There are two cut-off frequencies; andwy

. Inthe passhan@d; < w < wy, | N(jow) | bandgap narrowing  reduction of the for-

is constant. In the stopbands,< w; and  bidden energy gap of a semiconducting ma-

o > oy, | N(jo) | is very small and there terial due to the narrowing influence of im-

is practically no transmission of the signal. purities.
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bandgap reference  a voltage reference herizperkilometea. Seealso
based on the 1.205 V bandgap voltage of sil-bandwidth-distaneproduct
icon.

bandwidth efficiency the ratio of the
bandgap wavelength  the optical wave- information rate in bits per second to the
length corresponding to a photon energy required bandwidth in hertz for any digital
equal to the bandgap energy. modulation technique.

bandlimited  a waveform is described as Pandwidthimprovement(Bl) ~adBread-
bandlimited if the frequency content of the INd thatis a comparison of the RF bandwidth
signalis constrained to lie within a finite band ©f @ receiver tothe IF bandwidth. Designated
of frequencies. This band is often described@S Bl itis 101098,/ Biy.

by an upper limit, the Nyquist frequency, as- i ,

suming frequencies from DC up to his upper bandwidth-distance product ~ a measure

limit may be present. This concept can be ex-©f the information carrying capacity of an op-
tended to frequency bands that do notincludefic@! fiber which emphasizes that the band-
DC. width is a function of distance. For example,
an optical fiber with a specification of 500
MHz-km bandwidth-distance product would
ave a 500 MHz bandwidth over 1 km, a
0 MHz bandwidth over 10 kmrca 1 GHz
bandwidth over 0.5 kmSee alsdandwidth

optical fiber

bandwidth (1) the frequency range of
a message or information processing syste
measured in hertz.

(2) width of the spectral region over which
an amplifier (or absorber) has substantial
gain (or loss); sometimes represented MOr€ang-bang control control action
spec_ifically as, for example, full width athalf ,-hieved by a command to the actuator that
UL tells it to operate in either one direction or the

(3) the property of a control system or other at any time with maximum energy.
component describing the limits of sinu- Bang_bang controlis an Optima| or Subop_
soidal input frequencies to which the sys- timal piecewise constant control whose val-
tem/component will respond. It is usually yesare defined by boundsimposed onthe am-
measured at the half-power points, which areplitude of control components. The control
the upper and lower frequencies at which thechanges its values according to the switching
output power is reduced by one half. Band- function which may be found using Pontrya-
width is one measure of the frequency re- gin maximum principle. The discontinuity
sponse of a system, i.e., the manner in whichof the bang-bang control leads to disconti-
it performs when sine waves are applied to nyity of a value function for the considered
the input. optimal control problem. Typical problems

(4) the lowest frequency at which the ra- with bang-bang optimal control include time-
tio of the output power to the input power optimal control for linear and bilinear control
of an optical fiber transmission system de- systems.
creases by one half (3 dB) compared to the
ratio measured at approximately zero mod-Bardeen, John (1908-1991) Born:
ulation frequency of the input optical power Madison, Wisconsin, U.S.A.
source. Since signal distortion in an opti-  Bardeen is best known for his two Nobel
cal fiber increases with distance in an opti- Prizes. The first prize he received was in
cal fiber, the bandwidth is also a function of 1956 for his development at Bell Labs, along
length and is usually given as the bandwidth- with Walter Brattain and William Schockley,
distance product for the optical fiber in mega- of the first transistor. When the three applied

©2000 by CRC Press LLC



for a patent for the device in 1948 they called sponse to an applied field. The responseto an
ita germanium transfer resistance unit; henceexternal magnetic field is randomly discon-
the name transistor. This device was a sig-tinuous as domains “stick,” and then release.
nificant step in the development of integrated Barkhausen noise is particularly importantin
circuits. Bardeen’s second Nobel, which he very small heads and thin-film heads where
shared with Leon Cooper and John R. Schri-very few domains are involved; in larger
effer, was for his work at the University of heads the effects of many domains tend to av-
lllinois in describing the theory of supercon- erage out and Barkhausen noise is relatively
ductivity. less important.

bare-hand  refers to a method of servic- parrel distortion ~ a geometric distortion
ing energized overhead conductors in which of a raster display in which vertical lines ap-
the line worker’s body is maintained at the pear to bow outward away from the display
same potential as the conductor on which hecenter line. The bowing of the vertical lines

is working, thus enabling the conductor to be increases as the distance from the vertical
contacted without danger of shock. center increases. The appearance of these

S o vertical lines is similar to the staffs of a bar-
BARITT barrier injection transit time, a re|. Barrel distortion is a result of the over-

microwave transit time device that uses injec- correction for pincushion distortion.

tion over a forward biased barrier and transit

time delay through a reverse biased junctiony, 5 ve| shifter an implementation of a
to produce negative resistance at microwaveshifter, which contains logmax number of

frequencies, useful in low power and self- 5 shifted) stages, where each stage shifts

oscillating mixer applications. the input by a different power of two number
o . of positions. Itcan be implemented as a com-

Barkhausen criterion  two conditions  pinational array with compact layout that can

place_d on afe_edb_ack oscillator necessary forgphift the data by more than one bit using only
sustained oscillation. The Barkhausen crite- o gate. For instance, for a 4-bit word, it

rion states can execute instructions shl, shi2, shi3, and

1. The total loop amplitude transmission gpi4, This shifter lends itself well to being
factor must be at least unity. pipelined.

2.The frequency of oscillation will be that
frequency characterized by a total loop phasebarrier layer layer of deposited glass

transmission factor aV2z radians.N is €i-  giacent to the inner tube surface to create a
ther zero or an integer. Simply, for sustained barrier against OH diffusion.

oscillation, a disturbance that makes a com-
plete trip around the feedback loop of the os-
cillator must be returned at least as strong
as the original disturbance and in phase with
that disturbance.

barrier voltage a voltage that develops

across the junction due to uncovered immo-
bile ions on both sides of the junction. lons
are uncovered due to the diffusion of carriers

Barkhausen effect  the series of irregular across the junction.

changes in magnetization that occur when a
magnetic material is subjected to a change in
magnetizing force.

Bartlett window a triangular window
w(n] of width 2M defined as follows:

Barkhausen noise  noise arising in mag- wn] =
netic read heads because the interlocking [ 1/2[1+ coSmn/M)], - M <n <M
magnetic domains cannot rotate freely inre- | Q, otherwise
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Multiplying a signalx[n] by the finite dura-  dividual links. Base dynamic parameters are

tion window signalw[n] leads to the trian- subject to the identification in adaptive con-

gularly scaled, finite duration signalz] =  trol schems applied to roba control

x[n]w[n], whichis then processed. Window-

ing is used in the spectral analysis of mea-

sured signals and the design of finite impulsebase frame  a frame attached to the non-

response, linear time invariant systems. moving base of the manipulator. Sometimes
the base frame is called the reference frame.

baryon  a collective term for all strongly

interacting particles with masses greater thanbase quantity ~ Seeper-unit system

or equal to the mass of the proton. These

include the proton, neutron, and hyperons. base register the register that con-
tains the component of a calculated address

base (1)the number of digitsin anumber that exists in a register before the calcu-

system (10 for decimal, 2 for binary). lation is performed (the register value in
(2) one of the three terminals of a bipolar “register+rimmediate” addressing mode, for
transistor. example).

(3) a register’s value that is added to an
immediate value or to the value in an index base register addressing addressing us-
register in order to form the effective address ing the base register. Base register is the
for an instruction such as LOAD or STORE. same as base address register, i.e., a general-
purpose register thatthe programmer chooses
base address (1) an address to which to contain a base address.
an index or displacement is added to locate
the desired information. The base addresshase speed corresponds to speed at rated
may be the start of an array or data structure torque, rated current, and rated voltage condi-
the start of a data buffer, the start of page intions at the temperature rise specified in the
memory, etc. rating. It is the maximum speed at which
(2) as a simpler alternative to a full vir- a motor can operate under constant torque
tual memory, the code space or data space otharacteristics or the minimum speed to op-
a program can be assumed to start at a conerate at rated power.
venient starting address (usually 0) and relo-
cated in its entirety into a continuous range base station the fixed transceiver in a mo-
of physical memory addresses. Translationbile communication systemSee alsdixed
of the addresses is performed by adding thestation (FS)
contents of an appropriate base address reg-
ister to the user address. base vector  a unit vector in a coordinate
direction.
base dynamic parameters  a set of dy-
namic parameters that appear in the canonbaseband in communication systems, the
ical equations of motion. Canonical equa- information-carrying signal that is modu-
tions of motion of robot dynamics do not in- lated onto a carrier for transmission.
clude linearly dependent equations. These
are eliminated by making use of various pro- baseband signal in digital communica-
cedures. As a result, dynamic equations oftions, a signal that appears in the transmitter
motion contain only independent equations prior to passband modulation. For example,
which are used for the purpose of control. in the case of pulse amplitude modulation,
Eachbase dynamic parameterisalinearcoms(r) = ), b; p(t —iT) is a baseband signal,
bination of the inertial parameters of the in- whereb; is the transmitted symbol at tinie
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and p(¢) is the baseband pulse shape (e.g.

raised-cosine)See alsdow-pass signal

basic impulse insulation level (BIL) a

ful for photorefractive and optical multibeam

coupling.

battery one or more cells connected so

measurement of the impulse withstand capa-as to produce energy.

bility of a piece of electric power equipment
based on its ability to withstand 50% of im-
pulses applied at the BIL voltage.

basic input—output system (BIOS)  part

baud the signaling rate, or rate of state
transitions, on a communications medium.
One baud corresponds to one transition per
second. It is often confused with the data

of a low-level operating system that directly transmission rate, measured in bits per sec-

controls input and output devices.

basic lightning impulse level (BIL)  the
strength of insulation in terms of the with-

ond.

Numerically, it is the reciprocal of the
length (in seconds) of the shortest element
in a signaling code. For very low-speed

stand voltage crest value using a standardmodems (up to 1200 bit/s) the baud rate and

voltage level impulse.

basin of attraction the region in state

space from which a dynamical system moves

asymptotically toward a particular attractor.

basis function one of a set of functions

used in the transformation or representation

of some function of interest. A linear trans-
formationT of continuous functions is of the
form

+infty
V(s) = T {x(1)} = f X(Ob(s. 1) dr.

—infty

whereb (s, t) is a basis function. For discrete
sequence¥ would be of the form

+infty

YIKI=T {x[nl}= ) x[nlblk,nl.

n=—infty

The function to be transformed is projected
onto the basis function corresponding to the Bagum—\Welch algorithm

specified value of the index variabteor k.

y(s) is the inner product of () and the basis
functionb(s, t). For the Laplace transform
b(s,t) = e, and for the Fourier trans-
form b(w, t) = e~ . For the discrete-time

Fourier transfornb[k, n] = e%, and for
the Z-transfornb[z, n] = z7".

BaTiO3 (bariumtitanate)  aferroelectric
crystalline material that is particularly use-
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bit rate are usually identical. For example, at
9600 baud, each bit has a duration of 1/9600
seconds, or about 0.104 milliseconds.

Modems operating over analog telephone
circuits are bandwidth limited to about 2500
baud; for higher user data speeds each tran-
sition must establish one or more decod-
able states according to amplitude or phase
changes. Thus, ifthere are 16 possible states,
each can encode 4 bits of user data and the
bit rate is 4 times the baud rate.

At high speeds, the reverse is true, with
run-length controlled codes needed to en-
sure reliable reception and clock recovery.
For example FDDI uses a 4B/5B coding in
which a “nibble” of 4 data bits is encoded
into 5 bits for transmission. A user data rate
of 100 Mbit/s corresponds to transmission at
125 Mbaud.
baudrate  Seebaud
the algorithm
used to learn from examples the parameters
of hidden Markov models. Itis a special form
of the EM algorithm.

Bayes envelope function given athe prior
distribution of a paramete® and a deci-
sion functiong, the Bayes envelope function
o(Fg) is defined as

p(Fe) = mingr(Fe, ¢),



wherer(Fg, ¢) is the Bayes risk function Bayesian estimation an estimation

evaluated with the prior distribution of the scheme in which the parameter to be esti-

paramete® and decision rule. mated is modeled as a random variable with
known probability density function. See

Bayesriskfunction withrespecttoaprior Bayesian estimator

distribution of a paramete® and a decision

rule¢, the expected value of the loss function Bayesian estimator  an estimator of a

with respect to the prior distribution of the given paramete®, where it is assumed that

parameter and the observati&n ® has a known distribution function and a
related random variabl® that is called the
r(Fo,$) = / / L[6, $(x)] observation.X and® are related by a con-
0JX ditional distribution function ofX given ®.
fxjo(x10) flo(0) dx db. With P(X|©®) andP(®) known, an estimate

of ® is made based on an observationXof

the loss function is the penalty incurred for P(®) is known as the priori distribution of

estimating the parametér incorrectly. The
decision rulep (x) is the estimated value of
the parameter based on the measured Obseﬁayesian mean square estimator

. for a
vationx.

random variable&X and an observatioH, the

, , random variable
Bayes’ rule  Bayes’ rule relates the con-

ditional probability of an event given B X = E[X|Y],
and the conditional probability of the event
B given A: where the joint density functiorfyy (x, y)
is known. See alsanean-square estimatipn
P(A|B) = %_ linear least squares estimator

Bayesian reconstruction an algorithmin
Bayesian classifier ~a Bayesian classifier WHiChanimager is to be reconstructed from

is a function of a realization of an observed & hoise-corrupted and blurred version
random vectoX and.returns a cIa;sifigation v = f(Hu)+1n.

w. The set of possible classes is finite. A

Bayesian classifier requires the conditional A prior distributionp (u|v) of the originalim-
distribution function ofX givenw and the age is assumed to be known. The equation
prior probabilities of each class. A Bayesian

classifier returns the; such thatP (w; |X) is it = juu + RyH' DR Mo — f(H)],

maximized. By Bayes'rule where R, is the covariance of the image

P(wiIX) = fracP(X|wi) P (w;)P(X). R, is the covariance of the noisg andD is

the diagonal matrix of partial derivatives of

Since P(X) is the same for all classes, it f evaluated afi. An initial point is chosen

can be ignored and the; that maximizes and a gradient descent algorithm is used to

P(X|w;)P(w;) is returned as the classifica- find the closesti that minimizes the error.

tion. Simulated annealing is often used to avoid
local minima.

Bayesian detector  a detector that min-

imizes the average of the false-alarm andBayesian theory theory based on Bayes’

miss probabilities, weighted with respect rule, which allows one to relate theepriori

to prior probabilities of signal-absent and anda posterioriprobabilities. IfP(¢;) is the

signal-present conditions. a priori probability that a pattern belongs to
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classc;, P(xk) is the probability of pattern beam hardening a phenomenon that

Xk, P(Xk|c;) is the class conditional proba- occurs when a polychromatic X-ray beam
bility that the pattern is¢x provided that it passes through a material. Lower energy
belongs to class;, P(c;|xk) is thea pos- photons are absorbed more readily than
teriori conditional probability that the given higher energy photons, increasing the ef-
pattern class membershipds given pattern  fective energy of the beam as it propagates

Xk, then through the material.
P (cilxi) = P Xlei) P (ci) beam intensity  the average number of
P (Xx) particles in a beam passing a given point dur-

ing a certain time interval. For example the
number of protons (electrons) per pulse or
protons per second.

The membership of the given pattern is de-
termined by

beamloading the beam being accelerated
max P (cilxi) = max P Xiclei) P (ci) - by an RF cavity and it changes the gradient
and phase of the RF in the cavity.
Hence, tha posterioriprobability can be
determined as a function of tlagpriori prob-  beam mode confined electromagnetic

ability. field distributions of a propagating wave that
match the boundary conditions imposed by
BCD  Seebinary-coded decimal a laser or aperture. For example, Hermite—

Gaussian or Laguerre—Gaussian.
BCH code cyclic block forward error
control codes developed by Bose and Chaud-beam parameter  one of several complex
huri, and independently by Hocquenghem. numbers employed to characterize the prop-
These codes are a superset of the Hamminggation of a beam; most common parameter
codes, and allow for correction of multiple combines in its real and imaginary parts the
errors. phase front curvature and spot size of a Gaus-
sian beam.
BCLA  Seeblock carry lookahead adder
beam pulsing  a method used to control
beam (1) transverse spatial localization the power output of a klystron in order to im-

of the power in a wave field. prove the operating efficiency of the device.
(2) a slender unidirectional stream of par-
ticles or radiation. beamroll  a periodic change in horizontal

and/or vertical positions during spill. This
beam cooling the process by which a par- does not include changes caused by humans.
ticle beam’s phase space volume is reduced,
while conserving Liouville's theorem (empty beam solid angle  a parameter that quali-
spaces between particles exist). Beam cool{atively describes the angular distribution of
ing is manifest by a reduction in the trans- radiated power from an antenna. The val-
verse beam size (betatron cooling) or by aues range from very small numbers for very
smaller momentum spread (momentum cool-focused antennas tor4steradians for an
ing). isotropic radiator.

beam divergence the geometric spread- beamstop athick metal shield that moves

ing of a radiated electromagnetic beam as itinto the beam line to prevent beam from en-
travels through space. tering a specific area.
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beam toroid  a device used for measur- bearing currents current flow in the
ing beam intensities by measuring the mag-bearings of electrical machines, because of
netic field fluctuations produced by the pass-electromagnetic unbalance in the machine
ing beam. The magnetic field fluctuations or from using highfj—;’ inverters. The lat-
produce a current in a coil, that is wound ter is able to charge up the stray capacitance
around a closed circular ring (torus) through present between the stator and rotor and be-
which the beam passes. tween the rotor and shaft and thus allows mo-
tor bearing currents to flow, with resulting

beam waist  position at which a beam is Pgaring damage.

most highly confined; for Gaussian beams in

real media the position at which the phasebeat frequencies  the two frequencies,
fronts are flat. sum and difference frequencies, generated

during the heterodyning process or during the
amplitude-modulating process. For exam-
ple, if a 500 kHz carrier signal is amplitude-
modulated wit a 1 kHz frequency, the beat
frequencies are 499 kHz and 501 kHz.

beamformers  system commonly used for
detecting and isolating signals that are prop-
agating in a particular direction.

beamforming aform_offiltering_in spatia_ll beat frequency oscillator ~ an adjustable
rather than time domain to obtain a desired gscillator used in superheterodyne receivers
spatial impulse response in order to suppresgyenerating a frequency when combined with

or to reject signal components coming from the final IF produces a difference or beat fre-
certain directions. The technique involves gyency in audio range.

directing one or more beams in certain di-
rections by adjusting, for example, the ele- becky
ment excitation of an array antenna. Used

in communications applications to suppressbed of nails  a test fixture for automated

other signals than the desired source signal.”.”~ ° P . . .
e circuit qualification in which a printed wiring
Also termed spatial filtering.

board is placed in contact with a fixture that

. _ contacts the board at certain nodes required
beamline a series of magnets placed for exercising the assembly.

around a vacuum pipe that carry the proton
beam from one portion of the accelerator to po|  geedecibel
another. Also known as transport line.

a knot used to secure a handline.

Bell, Alexander Graham (1847-1922)
beamsplitter  any of a number of passive Born: Edinburgh, Scotland
optical devices that divide an optical wave-  ggy|js pest know as the first patent holder
frontinto two parts. Wavefrontdivision may ¢4y 3 device to electronically transmit human
be according to intensity, polarization, wave- gneech  Bell's early interest in the mecha-
Ien_gth, spatial position, or other optical prop- nisms of speech come from living with his
erties. grandfather, a London speech tutor. Work

with the deaf was to be a lifelong vocation
beamwidth  the angular width of the ma- for Bell. Bell's inventions were not limited
jor lobe of a radiation pattern. It is usually to the telephone. He was the first person to
at the half-power level, i.e., 3 dB below the transmit speech without wires, he invented
peak of the major lobe. It can also be speci-the gramophone, an early tape recorder, an
fied as the width between the nulls on either air-cooling system, an iron lung, and he had
side of the major lobe (BWFN). several patents in telegraphy.
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bell insulator  a type of strain insulator, Berry, Clifford Edward Berry is best
shaped like saucer with ribs on its lower side known as the co-developer, along with John
and frequently used in insulator strings. Vincent Atanasoff, of the first functioning

electronic digital computer. Berry was rec-
Bello functions a group of alternative ommended to Atanasoff by the Dean of En-
methods of characterizing a wideband com-gineering at lowa State College as a most
munication channel, named after their pro- promising student who understood the elec-
poser, P. Bello. The four functions charac- tronics well enough to help Atanasoff imple-
terizing deterministic channels are the Input ment his ideas for a computing machine. Un-
Delay-spread Function, the Output Doppler- fortunately, Berry’s contributions as a com-
spread function, the Time-variant Transfer puting pioneer were not honored until after
Function and the Delay Doppler-spread func- his death.
tion.

beryllium oxide = a compound commonly
BEM  Seeboundary-element method used in the production of ceramics for elec-

trical applications and whose dust or fumes
benchmark standard tests that are used gre toxic.

to compare the performance of computers,

processors, circuits, or algorithms. Bessel beam transverse wave ampli-
tude distribution in which the radial varia-

bending loss in afiber depends exponen- tion is approximately describable in terms of

tially on the bend radiug. Itis proportional  truncated Bessel functions; collimation for

to exp(-R/R.) where the critical radius Bessel beams is sometimes considered bet-
a ter than for more usual polynomial-Gaussian
beams.

c= 5 o >
2n (neo — ner)

a isthe fiber radius; ., is the refractive index Bessel functions a collection of func-
of the core, ana,; is the refractive index of  tions, denoted a#, (x) andY, (x), that satisfy

the cladding. Bessel's equation
BER  Seehit error rate ,d?f df 2 2
xﬁ—i—xd——i—(x —v)f:O,

Bernoulli distribution ~ arandom variable
X with alphabetf0, 1} and parameter such
that its probability mass function is

where f is equal to either, orY,; v is the
order of the function and is its argument.
Typically, Bessel functions arise in boundary
p(x) =1 —a)al™. value problems that are based upon a cylin-
drical coordinate system.

Bernoulli process a binary valued, best-fit memory allocation a mem-
discrete-time random process defined on anory allocator for variable-size segments must
index set corresponding to fixed increments search a table of available free spaces to find
in time. A typical example is a sequence of memory space for a segment. In “best-fit” al-
coin tosses where the values of the processocation, the free spaces are linked in increas-
are denoted as “Heads” or “Tails” depending ing size and the search stops at the smallest
on the outcome of the tosses. The output val-space of sufficient siz&Compare withbuddy
ues ofthe process is a sequence of statisticallynemory allocation

independent random variables with the same

probability distribution. The two outcomes beta function  a measure of beam width.
may or may not have equal probabilities.  The beta function details how the beam
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changes around the accelerator. There areities,E andH, via dyadic constitutive pa-
separate beta functions for thandy planes.  rameters. The permittivity, permeability, and
The square root dbx is proportional to the magnetoelectric coupling parameters are ten-
beam’sx-axis extent in phase space. sor quantities.

(2) media for which the electric and mag-
betaparticle an electron or positron emit- netic fields displacementg) andB respec-
ted from a radioactive source. tively, are related to the electric and magnetic

field strengthE andH by general dyadics.
betatron oscillation stable oscillations
about the equilibrium orbit in the horizontal bi-isotropic media  media for which the
and vertical planes. First studied in betatron electric and magnetic fields displacemefts,
oscillators, betatron oscillation is the trans- andB, respectively, are scalarly dependent by
verse oscillation of particles in a circular ac- both the electric and magnetic field strength
celerator about the equilibrium orbit. The E andH. For these media the constitutive
restoring force for the oscillation is provided relations are
by focusing components in the magnetic field

that act to bend a particle that is off the equi- D =¢€E+ (x — j«) /ioéo H
librium orbit back toward it. B=eH+ (x + jk)/1toco E

Beverage antenna  simple travelingwave ~Wheree is the permittivity,.. the permeabil-
antenna consisting of an electrically long hor- Ity: @nd the subscript O refers to free-space.
izontal wire above ground with a termination Bi-isotropic media can be reciprocad & 0)
resistance between the end of the wire and®’ nonreciprocaly # 0); nonchiral ¢ = 0)
ground equal to the characteristic impedance®" chiral ¢ # 0).

of the wire/ground transmission line. ) . i i
bi-stable  pertaining to a device with two

Bezout identity of 2-D polynomial matri- sta}ble states, e.g., bi-st_able multivibrator; cir-
ces asystems identity defined as follows: CUit that has two possible output states and
let N (21, 22), Dr(z1, 22) (NL(z1, 22), that yv_|ll remain |n_|ts currenj[ state without
D1 (z1, 72)) be two right (left) coprime poly-  "€auiring external inputs; a flip-flop.

nomial matrices, then there exists a polyno-
mial matrix inz,, sayEg(z2), (EL(z2)) and
two polynomial matrice(z (z1, z2),

YRr(z1, 22) (X1(21, 22), Y1 (21, 22)) such that

bi-stable device  Se€flip-flop.
bias the systematic (as opposed to ran-
dom) error of an estimator.

X ,22) D , . . .
& (21, 22) D (21, 22) bias current the arithmetic average of

+ Yg (21, 22) Nr (21, 22) = Eg (22) the currents that flow in the input leads of an
(NL (z1,22) Y1 (21, 22) op-amp.
D X =F

P lan ) X (k1 22) L (2) bias lighting technique used in video
tubes to correct for undesirable artifacts such

BGA  Seeball grid array as lag. Applying a uniform light source to
the surface of the tube (the photoconductive

BI Seebandwidth improvement layer) will create a bias current in the tube,

thereby minimizing the undesirable charac-
bi-anisotropic media (1) a class of ma- teristics.
terial in which the electric and magnetic flux
densitiesD andB, are each linearly related bias network  a key aspect of microwave
to both the electric and magnetic field inten- circuit design is to apply the proper DC bias
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to the appropriate terminals of transistorsi, j € Z, (the set of nonnegative integers)
(e.g., FETs) without disturbing the AC mi- is said to be bounded-input bounded-output
crowave operation of the circuit. In some (BIBO) stable if for every constan¥ > 0
cases, “on-chip” DC circuitry needs to be there exist a constant > 0 such that if
designed so as to provide stable bias volt-|luy ;|| < M forall k,I € Z,, then|y; ;|| <
age/current conditions for the device even N for all i, j € Z, whereu,; € R™ is the
when the chip DC supply voltages vary (due input, y; ; € R? is the outputg; ; € RP*™

to weakening batteries, etc.). The other as-is the matrix impulse response of the system
pect of bias network design is to isolate the and||v|| denotes a norm of the vector The
DC network from interfering with the AC or system is BIBO stable if and only if
RF/microwave operation of the circuit, and o oo

vice-versa. Ina Iumped element de5|gn, FhIS Z Z ||gi,,,' H < 00

is generally accomplished by a combination

e : i=0 j=0
of spiral inductors and MIM capacitors. =

BIBS Seebounded-input bounded-state

bias voltage or current  the DC power stability.

applied to a transistor allowing it to operate

as an active amplifying or signal generating BICMOS integrated circuit technol-

dewcc_e. Typ|pal voltage levels in GaAs FETs ogy/process that incorporates bipolar and
used in receivers are 1 to 7 volts between the

1 X complementary metal oxide semiconductor
drain and source terminals, and 06 volts devices on the same die.
on, or between, the gate and source termi-
nals. For microwave systems, DC voltagesbicyde a chain-driven drill for boring
and currents, provided by batteries or AC/DC pgjes.
converters required to “bias” transistors to

a region of operation where they will either pjdirectional bus a bus that may carry

amplify, mix or frequency translate, or gen- information in either direction but notin both
erate (oscillators) microwave energy. Since simultaneously.

energy can be neither created nor destroyed,

microwave energy amplification or creation bi-directionallaser  aring laser with both

is accomplished at the expense of DC energyclockwise and counter-clockwise circulating
waves. Useful as a rotation rate sensor.

biasing thetechnique of applying adirect-

current voltage to a transistor or an active net-bidirectional pattern a microphone

work to establish the desired operating point. pickup pattern resembling a figure eight, in
which the device is most sensitive to sounds

bible  nickname for the National Electrical ©On either side of the pickup element.

Code. R )
bi-directional resonator a standing-

wave resonator or a ring-resonator in which
the electromagnetic waves circulate in both
the clockwise and counter-clockwise direc-
tions.

BIBO stability See bounded-input
bounded-output stability

BIBO stability of 2-D linear system a

system described by the equation bidirectional transducer a surface

acoustic wave (SAW) transducer which

i J launches energy from both acoustic ports
Yioj = Z Zgi—k,j—l”k,l which are located at either end of the trans-
k=01=0 ducer structure.
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bidirectional transmission distribution wheres is a complex numberSeelLaplace
function (BTDF) the optical scatteringfunc- transform

tion for transmissive optics. The scattering

function vs. angle is normalized to signal at bilateral Z-transform a Z-transform of
zero degrees and with respect to solid anglethe form

of detector, including obliquity factor.

+o0
bifilar winding a two-wire winding. It Zx = Z x[n]z™".
is often utilized in stepper motors to permit a n=-00

unipolar power supply to produce alternating

magnetic poles by energizing only half of the

bifilar winding at any one time. bilinear control systems  a class of non-
linear control system models that are linear

bifurcation a term from Chaos Theory in state, output and control variables treated

referring to a sudden change in the qualitative separately but they contain the products of

behavior of the solutions. those variables. Such models arose naturally
in modeling the number of chemical pro-
bifurcation diagram a diagram where cesses where the controls are flow rates that

the sampled variable is plotted versus a pa-appear in the system equations as products
rameter. The sampling period is equal to thewith state variables. The bilinear control sys-
source period. Similar to a Poincare map. tems may also be used to model population
dynamics perturbed by control actions which
bigendian  astorage scheme inwhichthe enter growth equations as multipliers of state
most significant unit of data or an address isvariables. Bilinear control systems can arise
stored at the lowest memory address. Fora|soin connection with adaptive control nom-
example, in a 32-bit, or four-byte word in jnally linear systems where uncertain pa-
memory, the most significant byte would be rameters regarded as additional state vari-
assigned addre$sand the subsequent bytes aples leads to bilinear terms in model equa-
would be assigned the addresses1,i +2,  tions. Bilinear time-continuous control sys-
andi + 3. Thus, the least significant byte tems may be represented by the state equa-
would have the highest addressiot- 3 in tions having the form
a computer implementing the big endian ad-

dress assignment. “Big endian” computers m
include IBM 360, MIPS R2000, Motorola X =Ax+ Bu + ZD”‘”‘
M68000, SPARC, and their successors. i=1

The little endian approach stores the leastyherex is the state vector, the control vec-
significant unit at the lowest address. (The tor with componentsy;,i = 1,2,...,m,
terms big endian and little endian are taken 4 g p, are matrices of the appropriate di-
from Jonathan Swift's satirical storzul-  mensionsSee alspopulation dynamics

liver's Travels.

See alsdittle endian bilinear interpolation interpolation of a
value in 2-D space from four surrounding val-
ues by fitting a hyperbolic paraboloid. The
value at(x, y), denotedf (x, y) is interpo-
lated usingf (x, y) = ax + by + cxy + d,
wherea, b, c andd are obtained by substitut-
ing the four surrounding locations and values
i into the same formula and solving the system
Lif}= /700 +oof(ne dt, of four simultaneous equations so formed.

BIL  Sedbasic lightning impulse leveind
basic impulse insulation level

bilateral Laplace transform  a Laplace
transform of the form
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bilinear transformation (1) conformal  matical operations for such codes are defined
mapping of the complex plane of the form over the finite or Galois field consisting of
f@) = Z;Ig where the real values, b,  two elements denoted by GF(2). The math-
¢, d satisfyad — bc # 0. Also called linear ematical operations for such a Galois field
fractional transformation or Bbius transfor-  are addition and multiplication. For addition
mation. over GF(2) one finds that

(2) a special case of (1) is a mapping from
the jw axis in thes-plane to the unit circle
|z| = 1inthez- plane, given by = %ﬁ—?j
whereT isthe time interval between samples.

Such bilinear transformations are used in 1.1=1,1-0=0and00=0.
the design of recursive digital filters from

equivalent analogue filters in the following See alsdlock coding convolutional coding

1+1=0,1+0=1and0+0=0.

For multiplication over GF(2) one finds that

procedure: error control coding

1. define characteristic digital frequencies

Q. binary-coded decimal (BCD) Q) a

2. prewarp these to analog frequencigsis- ~ Weighted code using patterns of four bits to
ing w; = %tan&; 1<i<k represent each decimal position of a number.

3.design a suitable analog filter with frequen-  (2) decimal digits 0 to 9, encoded by their

ciesw;. four-bit binary representation. Thus: 0 =

- . 0000, 1=0001,2=0010,3=0011,4=0100

4. use the bilinear transformation to replace ! ! ! ! !

in th log il ith — 2 1.1 P 5=0101, 6 =0110, 7=0111,8=1000, 9 =
s in the analog filter with = & == 1001.

bimetal overload device ~anoverloadde- pinary erase channel  a channel where

vice that employs a bimetal strip as the actu-an error detecting circuit is used and the er-

ating element. The bimetal strip consists of roneous data is rejected as erasure asking for

two metals bonded together. When heated retransmission. The inputs are binary and

the bimetal strip will bend due to the differ- ne outputs are ternary, i.e., Dand erasure.

ent coefficients of linear expansion of the two sed for ARQ (automatic request for retrans-

metals. The bending operates a set of conyyjssjon) type data communication.

tacts that automatically removes the affected

load from the source of electrical pow&ee  pinary hypothesis testing  a special two-

alsooverload heateoverload relay hypothesis case of the M-ary hypothesis
testing problem. The problem is to as-

bimodal histogram  a histogram with  sess the relative likelihoods of two hypothe-

two main groupings of values, such as the ses Hy, H,, normally given prior statistics

sum of two displaced Gaussian§ee also  p(H;), P(H,), and given observationg

histogram whose dependengs y| H1), p(y|H>) on the
hypotheses is known. The receiver operat-

binary (1) a signal or other information ing characteristic is an effective means to

item that has two possible states. visualize the possible decision rulesSee

(2) representation of quantities in base 2. also m-ary hypothesis testing See also

conditiond statistig prior statistics pos-

binary code  acode, usually for error con- terior statistics

trol, in which the fundamental information

symbols which the codewords consist of are

two-valued or binary and these symbols arebinaryimage  animage whose pixels can

usually denoted by either “1” or “0,” Mathe- have only two values, 0 or 1 (i.e., “off” or
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“on”). The set of pixels having value 1 (“on”)
is called thefigure or foreground, while the
set of pixels having value 0 (“off”) is called
the background.

binary symmetric channel the binary-
input, binary-output symmetric channel,
where the channel noise and other distur-
bances cause statistically independent errors
in the transmitted binary sequence with aver-

binary image Coding Compression of age probability. The channel is memoryless.

two-level (black/white) images, typically

documents. Bilevel coding is usually loss- binarytree  recursively defined as a set of
less and exploits spatial homogeneity by run-nodes(n, . . . nx) one of which is designated
length, relative address, quadtree, or chainthe root and the remaining— 1 nodes form
coding. Also called bilevel image coding.  at most two sub-trees.

binary notation Seebinary. binary tree predictive coding  predictive
image coding scheme in which pixels are
binary operator any mathematical op- ordered in a pyramid of increasingly dense
erator that requires two data elements withmeshes. The sparsest mesh consists of sub-
which to perform the operation. Addition Samples of the original image on a widely
and Logical-AND are examples of binary spaced square lattice; succeeding meshes
operators; in contrast, negative signs andconsist of the pixels at the centers of the
Logical-NOT are examples of unary opera- squares (or diamonds) formed by all preced-
tors. ing meshes. Each mesh has twice the num-
ber of pixels as its predecessor. Pixel val-
ues are predicted by non-linear adaptive in-

binary optics  optical filters constructed _ ! aday.
terpolation from surrounding points in pre-

with only two amplitude or two phase val-

ues to perform the functions of bulk optical
components such as lenses.

binary phase frequency modulation

ceding meshes. The prediction errors, or dif-
ferences, are quantized, ordered into a binary
tree to provide efficient coding of zeros, and
are then entropy coded.

converting signals from a binary-digit pat-

tern [pulse form] to a continuous wave form. binaural attribute psychoacoustic ef-
FM is superseded by MFM (modified fre- fects (e.g., cocktail-party effect) that depend
guency modulation) is an encoding method ON the fact that we have two ears.

used in floppy disk drives and older hard

drives. A competing scheme, known as RLL binocular imaging  the formation of two
(run length limited), produces faster data ac-images of a scene from two different po-
cess speeds and can increase a disk’s storaggtions so that binocular vision can be per-
capacity by up to 50 percent. MFM is super- formed, in a similar manner to the way hu-

seded by RLL, which is used on most newer mans deploy two eyes.

hard drives.

binary phase grating a diffraction grat-

binocular vision  the use of two images
of a scene, taken (often simultaneously) from

ing where alternating grating lines that alter two different positions, to estimate depth of

the optical phase by 180nore than neigh-
boring lines.

binary signal  a signal that can only have

two values: off and on, low and high, or zero binomial coefficients

and one.
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variouspoint featuresonce correspondences
between pairs of image features have been
established.

the coefficients of
the polynomial resulting from the expansion



of (@ + b)". These coefficients are equal to i.e., the product of the polyphase transfer
| function of the analysis and synthesis filters
<”> = L, is a pure delay. In general, the analysis and
k ki(n —k)! synthesis filters are different, as opposed to
wheren is the order of the polynomial arid  the situation for an orthogonal filter bank.
is the index of the coefficient. Thigh coef-
ficient is multiplied by the terma*p"—*. biorthogonal wavelet a generalization of
orthogonal wavelet bases, where two dual ba-
binomial distribution the binomial dis-  sis functions span two sets of scaling spaces,
tribution is the distribution of a random vari- v; and \7j, and two sets of wavelet spaces,
ableY thatis the SumO)fl random variables W] and W]y W|th each Sca"ng Space Orthog_
that areBernoulli distributed onal to the dual wavelet spades., V; L W;

Y=X1+Xo4 -+ X,. andV; L W;. See alstiorthogonal filter

N _ ~ bank
The probability mass function of suchyais

n BIOS  Seebasic input—output system

py(k) = (k) pra—p,
bipolar (1) a type of transistor that

uses both polarities of carriers (electrons and
holes) in its operation as a junction transistor.

bioanalytical sensor a special case  (2)atype of data encoding that uses both
of a chemical sensor for determining the POsitive and negative voltage excursions.
amount of a biochemical substance. This

type of sensor usually makes use of onebipolar device  Seebipolar.

of the following types of biochemical reac-

wherep is the parameter of the Bernoulli dis-
tribution of anyX;.

tions: enzyme-substrate, antigen-antibody,bipolar junction transistor (BJT) a

or ligand-receptor. three-terminal nonlinear device composed of
two bipolar junctions (collector-base, base-

bioluminescence ~ Seduminescence emitter) in close proximity. In normal oper-

ation, the voltage between base and emitter
biomass  General term used for wood, terminals is used to control the emitter cur-
wood wastes, sewage, cultivated herbaceousent, The collector current either equals this
and other energy crops, and animal wastes. (with BC junction in reverse bias), or goes
) ) ) ) into saturation (the BC junction goes into for-
biomedical sensor  a device for interfac- |4, bias). Used for medium power (700 A)

ing an instrumentation system with a biolog- 54 medium speed (10 kHz) applications.
ical system such as biological specimen or an In power electronics applications, BJTs

entire organism. The device serves the func- ) . o
tion of detecting and measuring in a quanti- are typically operated as switches, in either
their fully on or off states, to minimize losses.

tative fashion a physiological property of the e :
- : phy gical property The base current flowing into the middle of
biological system. .
the device controls the on—off state, where
biometric verifier device that helps au- continuous base current is required to be in

thenticate by measuring human characterisN€ 0N state. A disadvantage is the low cur-
tics. rent gain.

The base current is generally much
biorthogonalfilterbank  afilter bankthat smaller than collector and emitter currents,
satisfies the perfect reconstruction condition, but not negligible as in MOSFETSs.
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bipolarmemory  memoryinwhichastor- bispectra  computation of the frequency
age cell is constructed from bipolar junction distribution of the EEG exhibiting nonlinear
transistors. See alsostatic random access behavior.
memory (SRAM)
bispectrum  the Fourier transform of the
bipolar neuron a neuron with a signal triple correlation function. It preserves phase
between-1 and+1. information and uniquely represents a given
process in the frequency domain. It can be
bipolar transistor Seebipolar junction  used to identify different types of nonlinear
transistor system response.

bipole DC system with two conductors, BIST Seebuilt-in self-test

one positive and the other negative polarity.

The rated voltage of a bipole is expressed asbistable  pertaining to a device with two

+100 kV, for example. stable states. Examples: bistable multivibra-
tor, flip-flop. See alsdistable system

biquad an active filter whose transfer

function comprises a ratio of second-order bistable device  Seebistable

numerator and denominator polynomials in

the frequency variable. bistable optical device  a device whose
optical transmission can take on two possible
bigquadratic transfer function a ratio- values.

nal function that comprises a ratio of second-

order numerator and denominator polynomi- bistable system  an optical system where

als in the frequency variable. the transmission can take on two possible val-
ues.See alsdistable

bird’s beak feature seen in cross-

sectional photomicrographs of silicon gate bistatic scattering  a measure of the rera-

transistors caused by encroachment of oxidediated power (back-scattered) from an illu-

under the gate. minated target in the direction other than that
of the illuminating source.

birefringence The property of certain

materials to display different values of the bit (1) the fundamental unit of informa-

refractive index for different polarizations of tion representation in a computer, short for

a light beam. “binary digit” and with two values usually
represented by “0” and “1.” Bits are usu-
birefringent fiber optical fiber that ally aggregated into “bytes” (7 or 8 bits) or

has different speeds of propagation for light “words” (1260 bits).
launched along its (two distinct) polarization A single bit within a word may represent

axes. the coefficient of a power of 2 (in numbers),
a logical TRUE/FALSE quantity (masks and
birefringent material material that can Boolean quantities), or part of a character or

be described by two or more refractive in- other compound quantity. In practice, these
dices along the directions for principle axes. uses are often confused and interchanged.
(2) in Information Theory, the unit of in-
birthmark a stamp on a wooden utility formation. If an eventE occurs with a
pole which denotes its manufacturer, date of probability P (E), it conveys information of
manufacture, size, and method of preservadog,(1/P(E)) binary units or bits. When
tion. a bit (binary digit) has equiprobable 0 and
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1 values, it conveys exactly 1.0 bit (binary bit parallel a method to transmit or pro-
unit) of information; the average information cess information in which several bits are
is usually less than this. transmitted in parallel. Examples: a bit par-
allel adder with 4-bit data has 8 input ports for
bitallocation  the allocation ofbitstosym- them (plus an initial carry bit); an 8-bit paral-
bols with the aim of achieving some compres- Igl port includes true 8-bit bi-directional data
sion of the data. Not all symbols occur with lines.
the same frequency. Bit allocation attempts
to represent frequently occurring symbols Pit per second (bps) ~ measure of trans-
with fewer bits and assign more bits to sym- fer rate of a modem or a bus or any digital
bols that rarely appear, subject to a constrainttommunication support. fee als®audand
on the total number of bits available. In Paudrate bps and baud are not equivalent
this way, the average string requires fewer Since bps is a low-level measure and media;
bits. The chosen assignment of bits is usu-thus, itincludes the number of bits sent for the
ally the one that minimizes the correspond- l0w-level protocol, while baudis typically re-
ing average coding distortion of the source ferred to a higher level of transmission).
over all possible bit assignments that satisfy ) ) )
the given constraint. Typically sub-sources bit period the time between successive
with larger variances or energy are allocatedPits in data transmission or data recording.
more bits, corresponding to their greater im- At the transmitter (or recorder) the timing is

portance See alsdransform coding established by a clock. At the receiver (or
reader) an equivalent clock must be recovered

bit energy the energy contained in from the bit stream.

an information-bearing signal received at a
communications receiver per information bit.
The power of an information bearing signal
at a communications receiver divided by the
information bit rate of the signal. Usually

denoted byE;, as in the signal to noise ratio

Ep/No.

bitplane  the binaryN x N image formed
by selecting the same bit position of the pix-
els when the pixels of atv x N image are
represented usingbits.

bit plane encoding lossless binary en-
coding of the bit planes is termed bit plane
encoding. The image is decomposed into a
bit error rate (BER)  the probability of  set ofk, N x N bit planes from the least sig-
a single transmitted bit being incorrectly de- nificant bit tok — 1 most significant bits and
termined upon reception. then encoded for image compression.

bitline  usedin, forexample, RAM mem- bitrate (1) a measure of signaling speed,
ory devices (dynamic and static) to connectthe number of bits transmitted per second.
all memory cell outputs of one column to- Bit rate and baud are related but not identi-
gether using a shared signal line. In static cal. Bitrate is equal to baud times the number
RAM, the “bit” line together with its com-  of bits used to represent a line state. For ex-
plemented signal “-bit” feeds a “sense ampli- ample, if there are sixteen line states, each
fier” (differential in this case) at the bottom line state encodes four bits, and the bit rate is
of the column serving as a driver to the output thus four times the baudee alsdaud

stage. The actual cell driving the bitline (and  (2) the number of bits that can be trans-
-bit) is controlled via an access transistor in mitted per unit time.

each cell. This transistor is turned on/off by

a “word” line, a signal run across the cells in bitserial  processing of one bit per clock
each row. cycle. If word length isW, then one sample
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or word is processed i clock cycles. In  black burst a TV black video signal
contrast, alW bits of aword are processed in containing horizontal and vertical sync, color
the same clock cycle in a bit-parallel system. burst, and setup (i.e., a composite video black

For example: a bit serial adder with 4- signal). Black burst is also called “color
bit data has one input signal for each of datablack.” A black burst signal is often used
them, one bit for carry-in, and two 4-bit shift in the video studio to provide synchronizing
registers for data. pulses.

bit-line capacitance  the equivalent ca- black level  the portion of the video sig-
pacitance experienced in each “bit line” in a nal pertaining to the lower luminance (bright-
RAM or ROM device.See alsit line. ness) levels.

bit-oriented block transfer (bitBLT) @&  plack start  the task of re-starting an iso-

type of processing used mainly for video in- |ated power system which is completely de-
formation characterized by minimal opera- energized. Most generating plants require
tions performed on large data blocks; a pro- sypstantial external electric power to start.
cessor designed for such operations. bit-Thys a black start may be initiated by hand-
BLT operations include transfers, masking, starting gas turbine generators or by opening
exclusive-OR, and similar logical functions. he gates of a hydroelectric generator some-

. . ~ where in the system.
bit-serial system  a system that uses bit

serial data transfer. blackbody theoretically contrived object

that gives rise to the so-called “black body ra-
diation.” One mightimagine a closed surface
object (say of metal) possessing one open-
ing that connects the interior surface with the
outside world. When the objectis heated, the
opening becomes a perfect “black” radiator.
Such radiation depends on temperature only.

bit-slice processor a processor organiza-
tion that performs separate computations (via
multiple processing units) separately upon
subsections of an incoming channel.

bitBLT Seebit-oriented block transfer

bitmapped image a digital image com-

posed of pixels. Bitmapped images are
resolution-dependent, i.e., if the image is
stretched, the resolution changes. Also

called a raster imageSee alsomage pixel blanket an insulating rubber mat whichis
vector image fitted temporarily over energized conductors

to protect nearby workers.

bits per pixel  the number of bits used to

represent each pixel in a digital image. Typ- blanking the electronic control circuitry
ical grayscale images have 8 bits per pixe|’that blanks the television raster during hori-
giving 256 different gray levels. True color zontal and vertical retrace.

images have 24 bits per pixel, or 8 bits for

each of the red, green, and blue pixels. Com-blanking time the short time interval
pressed image sizes are often represented iwhen both switches in a leg of an inverter
bits per pixel, i.e., the total number of bits bridge must be off in order to prevent short
used to represent the compressed image dieircuiting the DC input. Thisis necessary be-

blackout  total loss of power to the entire
power system.

vided by the total number of pixels. cause non-ideal switches cannot turn on and
off instantaneously. Thus, after one switch is
BJT  Seebipolar junction transistor turned off in an inverter leg, the complimen-
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tary switch is not turned on until the desig- information will always result in the same ci-
nated blanking time has elapsed. phertextwhen a particular block cipheris em-
ployed for encryption.See alse@ncryption
blind deconvolution therecoveryofasig- stream cipher
nal x[n] from y[n] — the convolution of the
signal with an unknown systehin]: block code  a mapping ofk input binary
symbols intor output symbols.
y[n] = hn] * x[n].
block coding (1) an error control coding
Occasionally, some knowledge @fn] is  technique in which a number of information
available (e.g., that it is a high-pass or low- symbols, and blocks, are protected against
pass filter). Frequently, detailed knowledge transmission errors by adding additional re-
is available about the structurexof See also  dundant symbols. The additional symbols
convolution are usually calculated according to a mathe-
matical transformation based on the so-called
blind via a via connected to either the generator polynomial of the code. A block
preliminary side or secondary side and onecode is typically characterized by the param-
or more internal layers of a multilayer pack- eters(n, k), wherek is the number of infor-
aging and interconnecting structure. mation symbols per data word, andhe fi-
nal number of symbols in the code word after
blink  incomputer display systems, atech- the addition of parity symbols or redundant
nique in which a pixel is alternatively turned symbols. The rate of a block code is given
on and off. by k/n.
Typically, the lower the rate of a code
Bloch vector asetoflinear combinations the greater the number of errors detectable
of density matrix elements, written in vector and correctable by the code. Block codes
form, that can often be related to specific ob- in which the block of information symbols
servables in a quantum mechanical systemand parity symbols are readily discernable,
For example, in two-level systems the Bloch are known as systematic block codes. The
vector components areR2(p12), 2Im(p12), receiver uses the parity symbols to deter-
and p11 — p22, Which are related to nonlin- mine whether any of the symbols were re-
ear refractive index, absorption, and popula-ceived in error and either attempts to cor-
tion differences, respectively. The time evo- rect errors or requests a retransmission of
lution of two-level systems can be described the information. See alscutomatic repeat
in terms of rotations of the Bloch vector. request binary code convolutional coding
error control coding
block agroup of sequentiallocationsheld  (2) refers to (channel) coding schemes
as one unit in a cache and selected as wholein which the input stream of information
Also called a line.See alsanemory block symbols is split into nonoverlapping blocks
which then are mapped into blocks of en-
block cipher an encryption system in coded symbols (codewords). The mapping
which a successive number of fundamen-only depends on the current message block.
tal plaintext information symbols, usually Compare withrellis coding
termed a block of plaintext information, are
encrypted according to the encryption key. block diagram  a diagrammatic represen-
All information blocks are encrypted in the tation of system components and their inter-
same manner according to the transforma-connections. In elementary linear systems,
tion determined by the encryption key. This the blocks are often defined by transfer func-
implies that two identical blocks of plaintext tions or state space equations while the inter-
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connecting signals are given as Laplace transa two-level quantizer is designed for each
formations. Although the system blocks and block. Encoding is essentially a local bina-
signals have the same mathematical form, therization process consisting ofiax n bit map
blocks represent operators that act on the in-indicating the reconstruction level associated
coming signals while the signals representwith each pixel. Decoding is a simple pro-
functions of time. cess of associating the reconstructed value at
each pixel as per the bit map.
block matching the process of finding the
closest match between a block of samples inblock carry lookahead adder (BCLA)
a signal and a block of equal size in anotheran adder that uses two levels of carry looka-
signal (or a different part of the same sig- head logic.
nal) over a certain search range. Closeness
is measured by correlation or an error metric block-diagram simulator a simulator
such as mean square error. Used in data comthat allows the user to simulate systems as
pression, motion estimation, vector quantiza-a combination of block diagrams, each of
tion, and template matching schemes. which performs a specific function. Each
function is described using a mathematical
block multiplexer channel  an /O chan- equation or a transfer function.
nel can be assigned to more than one data
transfer at a time. It always transfers infor- blocked state  Seeblocking
mation in blocks, with the channel released
for competing transfers at the end of a block. blocked-rotor current Seedlocked-rotor
See alsdbyte multiplexer channekelector  current
channel
blocked-rotor test an induction motor
block transfer  the transmission of a sig- test conducted with the shaft held so it cannot
nificantly larger quantity of datathanthe min- rotate. Typically about 25% of rated voltage
imum size an interconnectis capable of trans-is applied, often at reduced frequency and the
mitting, without sending the data as a numbercurrent is measured. The results are used to
of small independent transmissions (the goaldetermine the winding impedances referred
being to reduce arbitration and address over-o the stator.
head).
blocking state entered if a new user finds
block transform  a transform that divides all channels or access mechanisms busy and
the image into several blocks and treats eacthence is denied service. Generally accom-
block as an independent image. The trans-panied by a busy signal. The call blocking
form is then applied to each block indepen- probability may be given by the Erlang B or
dently. This occurs in the JPEG standard im- Erlang C formula.See als@adequate servige
age compression algorithm, where an imagemultiple access interference (MAI)
is divided into 8x 8 blocks and the DCT
is applied independently to each block. Usu- blocking artifact  the visibility in an im-
ally the blocks do not overlap each other, thatage of rectangular subimages or blocks af-
is, they have no signal samples in common.ter certain types of image processing. Also
Seealso transfom coding called blocking effect distortion.
lapped orthogonal transform
blocks world a visual domain, typical
block truncation coding (BTC) tech-  of early studies on machine vision, in which
nique whereby an image is segmented intoobjects are light, plane-faced solids over a
n x n nonoverlaping blocks of pixels, and dark background.
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blooming  an area of the target that is un- board  the physical structure that houses
stable due to insufficient beam current. The multiple chips, and connects them with traces
area normally appears as awhite puddle with-(busses).
out definition. Insufficient beam currently
may be the result of low beam control set- board-to-board optical interconnect
ting. optical interconnection in which the source
and the detector are connected to electronic
blow up  a relatively sudden and usually elements in two separate boards.
catastrophic increase in beam size generally
caused by some magnetic field error driving BOB  Seebreak-out box
the beam to resonance.
Bode diagram  SeeBode plot
Blumlein  awater-filled transmission line
that serves as a pulse generator using a wav8ode plot a graphical characteriza-
propagation principle. Thelineis folded over tion of the system frequency response:
on itself and is capable of voltage doubling the magnitude of the frequency response
across its load due to having initially both |H(j®)|, —00 < w < oo in decibels, and
sides of the load on high potential. the phase anglé H (jw), —o0 < o < 09,
are plotted. For example, a system described
Blumleinbridge  an AC bridge, two arms by the transfer function
of which are two serially connected tightly
. . . . Y (s) s+ 1
coupled inductive coils. The pointof connec- H(s) = =
tion of these coils is usually grounded, and F(s)  (s+26+3)
the coupling is arranged in such a way that has the Bode plot shown in the following fig-
for the currents simultaneously entering or ure, See alsdrequency response
leaving the other ends of the coils the voltage
drop between the ends is close to zero. If one
ofthe currents is entering and another is leav-
ing, then the voltage drop is essential. This 'w 33—
creates a sensitive current-comparing bridge L
having application in capacitance transduc- S
ers.

blurring (1) the defocusing effect pro-
duced by the attenuation of high-frequency \\
components, e.g., obtained by local averag- <

60 |-

ing operators, possibly applied directionally " .

(motion blurring).
(2) the broadening of image features, rela- P———

tive to those which would be seen in an ideal Bode plot.

image, so that features partly merge into one

another, thereby reducing resolution. The ef-

fect also applies to 1-D and other types of Bode—Fano criteria a set of rules for

signal. determining an upper limit on the bandwidth

of an arbitrary matching network.

Phase (deg); Magnitude (dB)

BNC connector “Baby” N connector.

Commonly used coaxial connector with both boiler  a steam generator that converts the
male and female versions used below mi- chemical energy stored in the fuel (coal, gas,
crowave frequencies. etc.) to thermal energy by burning. The heat
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evaporates the feedwater and generates highBoolean  an operator or an expression of
pressure steam. George Boole’s algebra (1847). A Boolean
variable or signal can assume only two val-
boiling water reactor  a nuclear reactor ues: TRUE or FALSE. This concept has been
from which heat is transferred in the form of ported in the field of electronic circuits by
high-pressure steam. Claude Shannon (1938). He had the idea to
use the Boole’s algebra for coding the status
bolted fault  a bolted fault is a short cir-  Of circuit: TRUE/FALSE as HIGH/LOW as

cuit fault with no fault resistance. Bolted CLOSE/OPEN, etc.

faults deliver the highest possible fault cur-
rent for a given location and system config- Booleanalgebra thefundamental algebra

uration, and are used in selecting equipment@t the basis of all computer operations. See

setting of protective relays. first word.

Boolean expression  an expression of

a discrete time Hopfield network that em- the Boole's_algebra_l, in which can appear
ploys stochastic neurons and simulated an-Boolean var|ables/5|gna_ls and Boolean oper-
nealing in its procedure for updating output ato_rs_. Boolean EXpressions are us?d for de-
values. More generally it can have hidden scr|b|n.g the behgwor of Q|gltal -equments
units and be subjected to supervised trainingOr stating properties/conditions in programs.
so as to learn probabilities of different out-
puts for each class of inputs.

Boltzmann machine initssimplestform,

Boolean function =~ common designation
for a binary function of binary variables.

Boltzmann relation relates the density
of particles in one region to that in an ad-
jacent region, with the potential energy be-
tween both regions.

Boolean logic  the set of rules for logical
operations on binary numbers.

Boolean operator  the classical Boolean

. ) operators are AND, OR, NOT. Other oper-
bond that which binds two atoms t0- 4165 such as XOR, NAND, NOR, etc., can
gether. be easily obtained based on the fundamen-
tal ones. In hardware these are implemented

bond pad areas of metallization on the IC with gateS, see for examp|e AND gate_
die that permit the connection of fine wires

or circuit elements to the die. boost converter  a circuit configuration in
which a transistor is switched by PWM trig-
bonded magnet a type of magnet ger pulses and a diode provides an inductor-

consisting of powdered permanent magnetcurrent continuation path when the transistor
material, usually isotropic ceramic ferrite is off. During the transistor on-time, the cur-
or neodymium-iron-boron, and a polymer rent builds up in the inductor. During the
binder, typically rubber or epoxy, this magnet transistor off-time, the voltage across the in-
material can be molded into complex shapes.ductor reverses and adds to the input voltage,
as a result, the output voltage is greater than
bonding  the practice of ensuring a low- the input voltage.
resistance path between metallic structures A boost converter can be viewed as a
such as water lines, building frames, and ca-reversed buck converter. The output volt-
ble armor for the purpose of preventing light- agev, is related to the input voltage by
ning arcs between them. v, = v;/(1 — d) and it can be controlled by
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Boost converter.

varying the duty ratiaZ. Its main applica- bound mode  a type of mode of limited
tion is in regulated DC power supplies and spatial extension. Open waveguides can sup-
the regenerative braking of DC motors. Also port, apart for a continuous spectrum, also

called a step-up converter. a few mode, which do not extend up to in-
finity since they decay exponentially outside
boot  Seebootstrap of a certain region. In an optical waveguide

this is a mode whose field decays monoton-
bootrecord  structure at the beginning of ically in the direction transverse to propaga-
a hard disk that specifies information neededtion and which does not lose power to radi-
for the start up and initialization of a com- ation. Bound modes can also be interpreted
puter and its operating system. This recordin terms of guided rays and total internal re-
is keptand displayed by the booting program. flection. Note: Except in a monomode fiber,
the power in bound modes is predominantly
bootstrap (1) a technique using positive contained in the core of the fibeGee also
feedback to change the effective impedancecontinuous spectrum
atanode, for example, to reduce capacitance.
(2) to initialize a computer system into a boundary  a curve that separates two sets
known beginning state by loading the oper- of points.
ating system from a disc or other storage to
computer’s workingmemory. Thisisdone by boundary bus  one of a set of buses which
a firmware boot program. Also called boot define the boundary between the portion of a
for short. power system to be analyzed and the rest of
the system. Boundary buses are connected
boson an integral spin particle to which to both the internal and external systems.
Bose-Einstien statistics apply. Such particles
do not follow the Pauli exclusion principle. boundary condition (1) the conditions
Photons, pions, alpha particles, and nuclei ofsatisfied by a function at the boundary of its
even mass numbers are examples of bosongnterval of definition. They are generally dis-
tinguished in hard or soft also called Neu-
bottle  slang for glass insulator. mann (the normal derivative of the function
is equal to zero) or Dirichlet (the function
bottom antireflective coating  an antire-  itself is equal to zero).
flective coating placed just below the pho-  (2) the conditions satisfied from the elec-
toresist to reduce reflections from the sub-tromagnetic field at the boundary between
strate. two different media.

(3) rules that govern the behavior of elec-
bottom-up development  an application tromagnetic fields as they move from one
development methodology that begins creat-medium into another medium.
ing basic building blocks and uses them to
build more complex blocks for higher levels boundary layer a method of smooth-
of the system. ing out a discontinuous controller or a sliding
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mode state estimator. For example, a boundboundary scan test a technique for
ary layer version of the discontinuous con- applying scan design concepts to con-

troller trol/observe values of signal pins of IC com-
) ponents by providing a dedicated boundary-
u=—Us(e)/Is(e)] = —Usign(s(e)), scan register cell for each signal 1/O pin.

wheree is the control error angis a function

of ¢, may have the form boundary value problem a mathemat-

ical problem in which the unknown is a so-
| =Usign(s(e)) if [s(e)| > v lution to a partial differential equation and is
- —Us(e)/v if [s(e)] <, subject to a set of boundary conditions on the

wherev > 0 is called the boundary layer problem domain.

width. boundary values of 2-D general model

letx; ; be a solution (semistate vector) to the

boundary layer controller ~ Seeboundary 2-D generalized model

layer.
boundary layer observer ~ Seeboundary T4l j+1 = Aoxij + ALXisLj
layer state estimator + Aox;i j+1+ Boui,j
+ Baui1,j + Bouj j+1
boundary layer state estimator  a con-
tinuous version of a sliding mode type state i, j € Z. (the set of nonnegative integers)
estimator, that is, a sliding mode type statewherey; ; € R™ isthe inputandi, By (k =
estimator in which the right-hand side of the 0, 1, 2) are real matrices of the model. The
differential equation describing the estima- vectorsx; ; € R" whose indices lie on the
tor is continuous due to the introduction of a boundary of the rectang[®, N1] x [0, N2],
boundary layer to smooth out the discontin-i.e., x;0, xin, for 1 < i < N1 and
uous part of the estimator’s dynamics. xo0,j, Xng,j for 0 < j < N, are called
boundary values of the solution ; to the 2-
boundary scan  atechnique for applying D general model. The boundary values may
scan design concepts to control/observe val-be also given in other ways.
ues of the signal pins of IC components by
providing a dedicated boundary-scan registerboundary-element method (BEM)  anu-
cell for each signal I/O pin. merical method (integral equation technique)
well suited to problems involving structures
boundary scaninterface aserial clocked in which the dielectric constant does not vary
interface used to shift in test pattern or testwith space.
instruction and to shift out test responses in
the test mode. Boundary scan interface com-bounded control ~ Seesaturating control
prises shift-in, shift-out, clock, reset, and test
select mode signals. bounded distance decoding decoding of
an imperfect-error correcting forward error
boundaryscanpath atechniquethatuses correction block code in which the corrected
a standard serial test interface to assure easgrror patterns are limited to those witror
access to chip or board test facilities such asfewer errors, even though it would be possi-
test registers (in an external or internal scanble to correct some patterns with more than
paths) or local BIST. In particular it assures errors.
complete controllability and observability of
all chip pins via shift in and shift out opera- bounded function  a functionx € X, is
tions. said to be bounded if it belongs also to the
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original (unextended) spack, whereX is  Boyle macromodel A SPICE computer
a space of functions with its corresponding model for an op amp. Developed by G. R.
extensiont,. See als@xtended spacand Boyle in 1974.
truncation

Boys camera a rotating camera used to
bounded state  an equilibrium statec,  photograph lightning and establish the mul-
of a dynamic system is said to be boundedtiplicity of individual flashes in a lightning
if there exists a real numbd&t = B(xo, tp), stroke.
wherexg andrg represent the initial values of
the state and time, respectively, such that BPI  bits per inch.

| x@) l<B Vt=1o

bps Seebit per second
See alsatable state

) Bragg angle  the required angle of inci-
bounded-input bounded-output (BIBO)  gence for light into a Bragg cell to produce
a signal that has a certain value at a cer-a ging|e diffraction order of maximum inten-
tain instant in time, and this value does not sity. The sine of the Bragg angle is approx-

equal infinity at any given instant of time. A imately the light wavelength divided by the
bounded output is the signal resulting from grating.

applying the bounded-input signal to a stable

system. See diagram below. Braggcell an acousto-optic cell designed
where only a single diffraction order is pro-
duced, generally by making the acoustic col-

umn thick along the light propagation direc-
- STABLE - BCUNDED .
INPUT SYSTEM OUTPUT tion.
Bounded-input bounded-output system. Bragg cell radiometer similar to an

acousto-optic spectrum analyzer in the Bragg
mode, but with generally much longer photo-
bounded-input bounded-output stability ~ integration times such as via a long integra-
a linear dynamic system where a boundedtion time photo detector array.
input yields a bounded zero-state response.
More precisely, let be a bounded-input with Bragg diffraction  the interaction of light
as the least upper bound (i.e., there is a fixedwith a thick grating or acoustic wave, produc-
finite constant such that for everyor k), if ~ ing a single diffraction order with maximum
there exists a scalar such that for evepr  intensity.
k), the output satisfies, then the system s said

to be bounded-input bounded-output stable. Bragg diffraction regime  regime where
the acoustic beam width is sufficiently wide

bounded-input bounded-state (BIBS) sta- to produce only two diffracted beams, i.e.,

bility if for every bounded input Gee the undiffracted main beam (also called the

BIBO stability), and for arbitrary initial con-  zero order or DC beam), and the principal

ditions, there exists a scalar such that the re-diffracted beam.

sultant state satisfies, then the system is said

to be bounded-input bounded-state stable. Bragg scattering  the scattering of light
from a periodically varying refractive index

boundsfault anerror that holds the map- variation in a thick medium, so-called by

per whet it detects the offset requested intoanalogy to the Bragg scattering of X-rays

an object exceeds the object’s size. from the atomic arrays in a crystal. For in-
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stance, an acousto-optic modulator can bebranch historytable  ahardware compo-
said to operate in the Bragg regime or al- nent that holds the branch addresses of pre-
ternatively in the Raman—Nath regim8ee  viously executed branch instructions. Used
alsoRaman—Nath diffraction regime to predict the outcome of branch instructions
when these instructions are next encountered.
braking  operating conditioninanelectric Also more accurately called a branch target
motor in which the torque developed between buffer.
the stator and rotor coils opposes the direc-
tion of rotation of the rotor. Typicai braking branch instruction an instruction is used
methods in DC machines include “plugging” t0 modify the instruction execution sequence
in which the polarity of either the field or Of the CPU. The transfer of control to an-

the armature coil, but not both, is reversed other sequence of instructions may be uncon-
Wh|le the rotor iS turning, “dynamic brak- ditional or Conditional based on the I’eSU|t Of
ing” in which generator action in the arma- @ previous instruction. In the latter case, if
ture is used to dissipate rotor energy throughthe condition is not satisfied, the transfer of
a braking resistor, and “regenerative brak- control will be to the next instruction in se-
ing” in which generator action in the rotor guence. Itis equivalentto ajump instruction,
is used to dissipate rotor energy by return- although the range of the transfer may be lim-
ing electric power to the power source as the|ted in a branch instruction Compared to the
rotor slows. Typical braking methods in AC jump. See alsqump instruction

machines include switching of the phase se-

quence of the supply voltage, dynamic brak- branch line coupler  coupler comprised
ing through the armature CO”S, and Varying of four transmission Iines, each of9¢€lectri-

the frequency of the AC supply voltagBee cal length, arranged in a cascaded configura-
alsophase sequence tion with the end of the last transmission line

section connected to the beginning of the first
resistive elements which _transmlssmn I|ne_ to form a.closed path. The
input, coupled, direct, and isolated ports are
located at the connection point of one trans-
mission line with the next one.

braking resistor
can be switched into the electrical system to
create additional load in the event of a tran-
sient disturbance, thus limiting the generator
rotor acceleration such that the system can

more readily return to synchronism. branch penalty the delay in a pipeline

after a branch instruction when instructions
in the pipeline must be cleared from the
pipeline and other instructions fetched. Oc-
curs because instructions are fetched into the
pipeline one after the other and before the
outcome of branch instructions are known.

branch address the address of the in-

struction to be executed after a branch in-
struction if the conditions of the branch are
satisfied. Also called a branch target address

branch circuit  the three components of pranch prediction ~ a mechanism used to

an electrical circuit are source, load, and in- predict the outcome of branch instructions
terconnecting circuit conductors. A branch prior to their execution.

circuit is an electrical circuit designed to de-

liver power to the lowest-order load(s) served pranchrelation  the relationship between

on a faCllIty It includes the overcurrent de- Voitage and current for electrical compo-

Vice, CirCUit CondUCtOI’S, and the |Oad |tse|f nents. Common branch relations are Ohm’s
Law and the lumped equations for capacitors

branch current the current in a branch and inductors. More complex branch rela-

of a circuit. tionships would be transistor models.
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branch target buffer (BTB)  abufferthat face. This research led to the development of
is used to hold the history of previous branch integrated circuits.
paths taken during the execution of individ-
ual branch instructions. The BTB is used Braun, Karl Ferdinand (1850-1918)
to improve prediction of the correct branch Born: Fulda, Germany
path whenever a branch instruction is en-  Braun is best known for his invention of
countered. the oscilloscope and for improvements to
The branch target bufferor branch tar-  Marconi's telegraph. Braun was to share
get cachecontains the address of each re- the Nobel Prize in Physics with Marconi in
cent branch instruction (or the instructions 1909. Braun held a number of teaching posts
themselves), the address of the branch “tarthroughout Germany. His research resulted
get” and a record of recent branch directions. in the principle of magnetic coupling, which
The Pentium BTB is organized as an associa-allowed significant improvements in radio
tive cache memory, with the address of thetransmission. He discovered crystal recti-
branch instruction as a tag; it stores the mostfiers, which were a significant component in
recent destination address plus a two-bit his-early radio sets.

tory field representing the recent history of
the instruction. breadboard  a preliminary, experimental

circuit, board, device or group of them. Itis
branch target cache  Seebranch target built only to investigate, test, analyze, eval-
buffer. uate, validate, determine feasibility, develop
technical data, and to demonstrate the tech-
nical principles related to a concept, device,
circuit, equipment, or system. It is designed
in a rough experimental form, only for labo-
ratory use, and without regard to final physi-
cal appearance of a product.

branch voltage the voltage across a
branch of a circuit.

Branly, Edouard Eugene  (1844-1940)
Born: Amiens, France

Branly is bestknown for hisworkinwire-  peqqih firstsearch  a search strategy for
less telegraphy. Branly invented the coherer,yoq o rellis search where processing is per-
a detection device for radio waves. Branly ¢omeq preadith first, i.e., the processing for
did much theoretical work in electrostatics, (hq entire breadth of the treeftrellis is com-
electrodynamics, and magnetism. He did yeeq pefore starting the processing for the
not, however, develop the practical side of his oy step forward.
work, hence Marconi and Braun received the
Nobel Prize for work Branly had pioneered. yaak frequency  the critical frequency

in a frequency - dependent response: espe-
Brattain, Walter (1902-1987) Born:  ¢jally that frequency which may separate two
Amoy, China. modes of the response, e.g. the frequency

Brattain is best known as one of the de- that defines where the low frequency region
velopers of the transistor. In 1956 Brattain, ends and the midband response begins.
along with John Bardeen and William Shock-
ley, received the Nobel Prize for their devel- break point ~ Seebreakpoint
opment of the point-contact transistor. Itwas
Brattain who, along with Bardeen, observed break-out box (BOB) a testing device
the significant increase in power output from that allows the designer to switch, cross, and
a metal contact resulting from a small in- tie interface leads. It often has LEDs to per-
crease in current applied through a secondmit monitoring of the leads. Typical use is
contact attached to the same germanium surfor RS-232 interfaces.
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breakaway points of therootloci  break-  vide nice user interfaces to deal with them.
away points on the root loci correspond to See alsdreakpoint instruction
multiple-order roots of the equation.

o breakpoint instruction a debugging in-
breakaway torque minimum torqueé  stryction provided through hardware support
needed to begin rotating a stationary load.jn most microprocessors. When a program
Breakaway torque represents the absoluteits a break point, specified actions occur that
minimum starting torque specification for a saye the state of the program, and then switch
motor used to drive the load. to another program that allows the user to ex-

amine the stored state. The user can suspend
breakdown  as applied to insulation (in- the execution of a program, examine the reg-
cluding air), the failure of an insulator or in- isters, stack, and memory, and then resume
sulating region to prevent conduction, typi- the program’s execution, which is very help-
cally because of high voltage. ful in a program’s debugging.

breakdown strength  voltage gradient at
which the molecules of medium break down
to allow passage of damaging levels of elec-
tric current.

breath noise  the noise that is commonly
produced when talking at the microphone. It
is due to breathing.

breeder reactor a nuclear reactor in
which a non-fissile isotopes are converted to
fissile isotopes by irradiation. ldeally, such
a reactor produces more fissile products than
é’t consumes.

breakdowntorque  maximum torque that
can be developed by a motor operating at
rated voltage and frequency without expe-
riencing a significant and abrupt change in
speed. Sometimes also called the stall torqu
or pull-out torque.

Bremsstrahlung  electromagnetic radia-
breakdown voltage  the reverse biased tion, usually in the X-ray region of the spec-
voltage across a device at which the currenttrum produced by electronsina collision with
begins to dramatically deviate and increasethe nucleus of an atom. Bremsstrahlung ra-
relative to the current previously observed at diation is produced in regions of high electric
lower voltages close to the breakdown volt- Potential such as areas surrounding electro-
age. This effect is attributed to avalanche or static septa and RF cavities. Bremsstrahlung
zener breakdown. It is usually specified at ais German for breaking.
predetermined value of current.

In a diode, applying a voltage greater than Brewster angle  the angle from normal at
the breakdown voltage causes the diode towhich there is no reflection at a planar inter-
operate in the reverse breakdown region.  face between two media. The Brewster an-

gles for perpendicular and parallel polariza-

breakpoint (1) an instruction address at tions are different. For nonmagnetic media,

which a debugger is instructed to suspend thein which the relative permeability is unity,
execution of a program. the Brewster angle for perpendicular polar-

(2) a critical point in a program, at which 1zation does not exist.

execution can be conditionally stopped to

allow examination if the program variables Brewster mode a bound radiative sur-
contain the correct values and/or other ma-face mode when one of the media is a plasma
nipulation of data. Breakpointtechniques are medium and has a positive dielectric func-
often used in modern debuggers, which pro-tion.
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Brewster window  transmission window ple of the so-called bridge circuit. This and
oriented at Brewster’s angle with respect to other similar circuits are characterized by the
an incident light beam; light polarized in the bridge balance condition, which represents
plane of incident experiences no reflection. a relationship between the bridge elements
when the current in the diagonal impedance
bridge a simple device that connects is absent (in the case shown this condition is
two or more physical local-area networks Z1Z3 = Z»Z4). The bridge circuits find ap-
(LANSs). It forwards packets of data from plication in instrumentation and transducers.
one LAN segment to another without chang-
ing it, and the transfer is based on physical bridge linearization necessary design
addresses only. The separate LAN segmentgoncern in transducer application of the
bridged this way must use the same protocol.bridge circuits. It is achieved by reduction
of the bridge sensitivity in the bridges where
bridge balance condition  representsthe only one arm is a transducer. Linearization
relationship between bridge circuit compo- can also be achieved with two transducers
nents when the current in the balance indica-providing the signals of opposite signs and
tor is absent. Most of the technically useful connected in the opposite arms of the bridge
bridges include a regular connection (series,or using a current source instead of the volt-
parallel, series-parallel, or parallel-series) of age source as a bridge power supply.
two two-ports. The condition of balance can
be reformulated in terms of two-port param- bridge rectifier a full-wave rectifier to
eters, so that depending on structure, the suntonvert ac to dc, that contains four rectifying
of two forward transfer parameters or the sum elements for single phase, and six elements
of one forward and another backward transferfor three phase, connected as the arm of a
parameter is equal to zero. bridge circuit.

bridge calibration used in bridge trans- bridge sensitivity the ratio of the vari-
ducer applications. It is achieved connect- ation of the voltage or the current through
ing two auxiliary circuits to the bridge. One the detector to the variation of the compo-
circuit including two resistors and a poten- nent that causes the disbalance of the bridge
tiometer is connected in parallel to the bridge circuit.
power supply diagonal, and the potentiome-
ter tap and one end of detector are connectedridge-controlled multivibrators using
to the same bridge node. Sliding the tap, switches in a two-operational amplifier or in
one can eliminate the bridge offset. An- anamplifier-comparator multivibrator so that
other circuit, usually including a constant the bridge is “rotated” each half of the period,
and a variable resistor, is connected in serieone can obtain control of the oscillation fre-
with power supply. This circuit allows one quency by detuning a resistive bridge. The
to change the voltage applied to the bridge, circuit can be applied in sensors with limited
and to establish the correspondence betweemumber of access wires.
the maximal deflection of the detector and
maximum of the physical variable applied to bridging  using bridges for local-area net-
the bridge resistors playing the role of active works.
gauges.

brightness the perceived luminance or ap-
bridge circuit the circuit that includes parent intensity of light. This is often differ-
four lateral impedances/1, Z2, Z3, Z4, @  ent from the actual (physical) luminance, as
diagonal impedancg,, and a voltage source demonstrated by brightness constancy, Mach
E, of the output impedancg, is an exam- band, and simultaneous contrast.
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brightness adaptation  the ability of the  broadband  a service or system requiring
human visual system (HVS) to shift the nar- transmission channels capable of supporting
row range in which it can distinguish differ- bit rates greater than 2 Mbit/s.

ent light intensities over a large span of lumi-

of the HVS to gray levels to be very large characteristics (such as input impedance,
even though the number of gray levels thatgain, and pattern) remain almost constant

small. See alsog_ray leve] human visual of antennas are the log periodic and the bi-
system (HVS)luminance conical.

brightness constancy the perception that broadband emission an emission having
an object has the same brightness despit@ spectral distribution sufficiently broad in
large changes in its illumination. Thus a comparison to the response of a measuring
piece of paper appears to be approximatelyreceiver.
as white in moonlight as in sunlight, even
though the illumination from the sun may broadband integrated services digital net-
be one million times greater than that from work (B-ISDN)  a generic term that gen-
the moon.See alsdrightnesshuman visual  erally refers to the future network infrastruc-
system (HVS) illumination, simultaneous ture that will provide ubiquitous availability
contrast of integrated voice, data, imagery, and video
services.

Brillouin flow a stream of electron beam
emitted from an electron gun that is not ex- Proadband system  a broadband commu-

posed to a focusing magnetic field. nication system is one that employs a high
data transmission rate. In radio terminology

itimplies that the system occupies a wide ra-
Brillouin frequency shift the frequency  dio bandwidth.
shift that a wave experiences in undergoing
Brillouin scattering. The shift can beto either broadcast
lower or higher frequency, and typically has
a value in the range 0.1 to 10 GH3ee also
Stokes scatteringnti-Stokes scattering

(1) the transfer of data to multi-
ple receiver units simultaneously rather than
to just one other subsystem.

(2) a bus-write operation intended to be

recognized by more than one attached device.
Brillouin laser acoustic maser in which

the amplification mechanism is considered to broadcast channel

S ) a single transmit-
be Brillouin scattering.

ter, multiple receiver system in which iden-
tical information is transmitted to each re-
Brillouin scattering the scattering of ~Celiver, possibly over different channeSee
light from sound waves. Typically in Bril- also interference channelmultiple access
louin scattering the sound waves have fre-channel

guenciesinthe range 0.1to 10 GHz, whereas

in acousto-optics the sound waves have fre-broadcast channel allocations  a fre-
guencies<0.1 GHz. Brillouin scattering can quency of a width prescribed by a nation’s
be either spontaneous or stimulatedbee = communications governing agency that are
also acousto-optic effectspontaneous light standardized throughout the country for use
scatteringstimulated light scattering in one-way electronic communication.
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broadcast picture quality the accept- brownout anintentional lowering of util-
able picture performance for NTSC terres- ity voltage to reduce loading on the system.
trial telecast signals. A panel of untrained

observers subjectively evaluates the NTSCprush a conductor, usually carbon or a
received picture and sound quality as signalcarbon—copper mixture, that makes sliding
impairments are inserted into the broadcastelectrical contact to the rotor of an electri-
signal. The evaluation scores are used tocal machine. Brushes are used with sliprings
determine the values for objectionable sig- on a synchronous machine to supply the DC
nal impairment levels. The signal impair- field and are used with a commutator on a DC
ments tested are the video and audio sighal-machine.

to-noise ratios, the interference due to adja-

cent channel Signals, the interference due t%rush r|gg|ng the Components used to
co-channel signals, and the echoes (ghostshold the brushes of a rotating machine in
caused by multipath signals effects. place, and to insure proper brush tension is

. . applied.
broadcasting sending a message to mul-

tiple receivers. brush tension  the force required on the

brushes of arotating machine to insure proper
contact between the brush and the commuta-
tor or slipring. Proper brush tension is usu-
ally provided by springs, and is specified in
the manufacturer’s technical manual of the
machine.

broadside when the pattern factor is
maximum in the H plane (for a dipole an-
tenna along the z axis this is the plane where
theta=90 degrees).

broadside array  an array where the main
beam of the array is directed perpendicular _
to the array axis. In many applications it is Prushless DC motor  Seeelectronically
desirable to have the maximum radiation of COMmutated machine

an array directed normal to the axis of the ) ) -
array. brushless exciter Seerotating-rectifier

exciter.

broadside coupled microstrip lines  mi-
crostrip lines that share the same groundbrushless rotary flux compressor  aro-
plane but separated from each other in normaltating machine designed to deliver pulsed
direction to the ground plane. Both the mi- output (1 MJ in 10Qus). The stator coils are
crostrip lines are aligned attheir centers alongexcited by an external capacitor bank. The
the normal direction to the ground plane.  rotor is a salient structure that compresses
the flux resulting in amplification of the elec-
Brown book  SeelEEE Color Books tric pulse, by converting the rotating kinetic
energy of the rotor to electrical energy.
Brownian motion a stochastic process
with independent and stationary increments.BSO  abbreviation for bismuth silicon ox-
The derivative of such a process is a white jde, Bi4SiO»9. A photoconductive insulat-

noise process. A Brownian motion processing crystal that exhibits photorefractive ef-
X is the solution to a stochastic differential fects. Useful in app"ca’[ions such as multi-

equation of the form beam coupling and phase conjugation.
dXx
T b(t, X)) +o(t, X;) - Wy, BTB  Seebranch target buffer
whereW, is a white noise process. BTC  Seeblock truncation coding
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Buck converter.

Buck-boost converter.

BTDF  Seebidirectionatransmissiodis- buck-boost converter Seebuck-boost
tribution function transformer

BTMA Seebhusy tone multiple access

See alsdSMA. buck-boost transformer a special pur-

pose 2- or 4-coil transformer used to produce
modest increases or decreases in the utiliza-
tion voltage at a load site. The low-voltage
coil(s), which typically have rated voltages

bubble chamber  an instrument for ren-
dering visible the tracks of ionizing particles.
Itis characterized byav_ess_el filled with a su- of 5% to 15% of the high-voltage coils, and
perheated transparent liquid, commonly hy-. ; ;

: .2 in use, the high- and low-voltage, coils, are
drogen or deuterium. The passage of an ion-

o . o P connected in series to produce an autotrans-
izing particle through this liquid is marked by former arrangement. If primary voltage is ap-

Qfalied to the high voltage coil and load voltage
is taken from the series coil combination, the
low-voltage coil adds to, or boosts, the load
utilization voltage. Conversely, reductions
in load utilization voltage occur when these
primary and secondary connections are re-
versed causing the low-voltage coil to buck
the supply voltage. A typical 4-coil buck-
boost transformer would have two 120 V pri-
mary coils and two 12 V secondary coils,
which could be used to produce voltage ra-

the particle trajectory. If the liquid is sub-
jected to a magnetic field, as is usually the
case, the charged particle trajectories will be
curved, the curvature providing information
about the particles’ charge and momentum.

buck converter a transistor is switched
by PWM trigger pulses and a diode provides
a current continuation path when the transis-
tor is off, thus the input voltage is chopped.
A lowpass LC filter is used to attenuate the .
switching ripple at the output. The input cur- tios of (120/132), (120/144), (240/252), and
rent to a basic buck converter is discontinu- (240/264).

ous; therefore, in many applications an LC  Inabasic buck-boost converter, the induc-
prefilter is applied to reduce EMI. The out- tor accumulates energy from the input volt-
put voltagev, is related to the input volt- age source when the transistor is on and re-
agev; by v, = v;d and it can be controlled leases energy to the output when the transis-
by varying the duty rati@. Isolated version toris off. It can be viewed as a buck converter
of a buck converter include forward, push- followed by a boost converter with topologic
pull, halfbridge, and bridge converters. Also simplification. In a buck-boost converter, the
called chopper or step-down converter. output voltagey, is related to the input volt-
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agev; by v, = v;d/(1 — d) and it can be printer faster than the data can be physically
controlled by varying the duty ratid. Note  printed. See alsduffered input/output
that the output voltage is opposite polarity to
theinput. Also called abuck-boost converter, puffered input/output input/output that
up-dOWﬂ transformer or up—down converter. transfers data through a “buffer,” or tempo-
See alsdlyback converter rary storage area. The main purpose of the
buffer is to reduce time dependencies of the
bucket a stable phase space area wheredata and to decouple input/output from the
the particle beam may be captured and accelprogram execution. Data may be prepared
erated. An RF bucket is the stable region in or consumed at an irregular rate, whereas the
longitudinal phase space. The bucket widthtransfer to or from disk is at a much higher
gives the maximum phase error or timing er- rate, or in a burst.
ror at the RF cavity, which a particle may A buffer is used in “blocked files,” where
have, and still complete the whole accelera-the record size as seen by the user does not
tion cycle. The bucket height is the corre- match the physical record size of the device.
sponding limit on momentum error.
buffering (1) the process of moving data
buckettruck  amotortruck equippedwith into or out of buffers or to use buffers to
ashell or bucket at the end of a hydraulically- deal with input/output from deviceSee also
operated insulated arm. A line worker stands buffer, buffered input/output
inthe bucket and is thus raised to gain access  (2) in optics, material surrounding the

to overhead conductors. optical fiber that provides the first layer of
protection from physical and environmental

bucking fields Seedifferentially com-  damage. The buffering is usually surrounded

pounded by one or more layers of jacketing material
for additional physical protection of the fiber.

buddy memory allocation amemory al-

location system based on variable sized segbug (1) an error in a programmed imple-

ments will usually allocate space for a new mentation (may be either hardware or soft-

segment from a free area somewhat largemware). Bugs may refer to errors in correct-

than necessary, leaving an unallocated frag-hess or performance.

ment of the original space. In “buddy” allo-  (2) a syntactical or logical error in a com-

cation, this fragment cannot be used until its puter program. A name attributed to early

adjacent allocated space is released. Buddyomputers and electronic testing.

allocation reduces memory fragmentation by

ensuring that available areas cannot be reqyjlt-in logic block observer  technique

peatedly subdivided. that combines the basic features of scan de-
signs, pseudo-random test pattern genera-

Buff book  SeelEEE Color Books tion, and test result signature analysis.

buffer a temporary data storage area in built-in self-test (BIST) special hard-

memory that compensates for the differentware embedded into a device (VLSI chip or
speeds at which different elements are trans-a board) used to perform self testing. On-
ferred within a system. Buffers are used line BIST assures testing concurrently with
when data transfer rates and/or data processaormal operation (e.g., accomplished with
ing rates between sender and receiver varycoding or duplication techniques). Off-line

for instance, a printer buffer, which is neces- BIST suspends normal operation and is car-
sary because the computer sends data to theed out using built-in test pattern generator
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and testresponse analyzer (e.g., signature arburied via  a via connected to neither the
alyzer). primary side nor the secondary side of a mul-
tilayer packaging and interconnecting struc-
bulb generator  a free-standing genera- ture, i.e., it connects only internal layers.
tor contained in a streamlined, waterproof
bulb-shaped enclosure and driven by a waterburndown  breakage of an overhead elec-
wheel resembling a ship’s propeller on a shafttric power line due to heating from excess
which extends from one end of the enclosure.current.
They are used in tidal power installations.
burnup  a measure (e.g., megawattt-days
/ ton) of the amount of energy extracted from
bulk power  aterm inclusive of the gener- €ach unit of fissile material invested in a nu-

ation and transmission portions of the power clear reactor.

system. . ) .
burn-in component testing where infant

bulk scattering  scattering at the volume mortality failures (defective or weak parts)

of aninhomogeneous medium, generallyalsoare screened out by testing at eleygted volt-
possessing rough boundaries. It is due to in-29€S and temperatures for a specified length

homogeneities in the refractive index. of time.

burst refresh in DRAM, carrying out
all required refresh actions in one continu-
ous sequence—aurst See alsdlistributed
refresh

bulk substation  a substation located on
a high-voltage transmission line which sup-
plies bulk power to a non-generating utility.

bulldog  an attachment for awire or hoist. ) | .t transfer the sending of multi-

. o ple related transmissions across an intercon-
bump  alocalized orbit displacement cre- nect with only one initialization sequence

ated by vertical or horizontal correction el- {nat takes place at the beginning of the burst.
ement dipoles used to steer beam through

available aperture or around obstacles. burstiness factor  used in traffic descrip-

tion, the ratio of the peak bit rate to the aver-
bunch  a group of particles captured in a age bit rate.

phase space bucket.

bus (1) a data path connecting the dif-
bundle the practice of paralleling several ferent subsystems or modules within a com-
conductors per phase in an overhead transputer system. A computer system will usu-
mission line for the purpose of increasing am- ally have more than one bus; each bus will
pacity and decreasing inductive reactance. be customized to fit the data transfer needs

between the modules that it connects.
bundle spacer a rigid structure which is (2) a conducting system or supply point,
used to maintain the spacing of wires in a usually of large capacity. May be composed
bundled conductor on an overhead electricof one or more conductors, which may be

power transmission lin8eebundle wires, cables, or metal bars (busbars).
(3) a node in a power system problem
bundled services utility services which (4) a heavy conductor, typically used with

are sold together, like power transmission generating and substation equipment.
and distribution services in non-deregulated
electric utilities. bus admittance matrix =~ SeeY-bus

©2000 by CRC Press LLC



bus acquisition the point at which a bus controller  the logic that coordinates
bus arbiter grants bus access to a specific rethe operation of a bus.
questor. A device connected to the bus will issue

a bus request when it wishes to use the bus.
bus arbiter (1) the unit responsible for The controller will arbitrate among the cur-
choosing which subsystem will be given con- rent requests and grant one requester access.
trol of the bus when two or more requests The bus controller also monitors possible er-
for control of the bus happen simultaneously. rors, such as use of an improper address, a
Some bus architectures, such as Ethernet, dadevice not releasing the bus, and control er-

not require a bus arbiter. rors.
(2) the device that performs bus arbitra-  Bus control logic may reside in multiple
tion. See alsdous arbitration subsystems, distributed control, or may be

centralized in a subsystemSee alsobus
bus arbitration the process of determin- cycle bus master
ing which competing bus master should be
granted control of the bus. The act of choos-bus cycle the sequence of steps involved
ing which subsystem will be given control of in asingle bus operation. A complete bus cy-
the bus when two or more requests for control cle may require that several commands and
of the bus happen simultaneously. The ele-acknowledgments are sent between the sub-
ment that make the decision is usually called systems in addition to the actual data that is

the bus arbiterSee alsdous priority. sent.
For example,
bus architecture  a computer system ar- 1. the would-be bus master requests

chitecture in which one or more buses are access to the bus
used as the communication pathway between 2. the bus controller grants the requester
I/O device controllers, the CPU, and memory. access to the bus as bus master
See alsahannel architecture 3. the bus master issues a read command
with the read address
bus bandwidth (1) the data transfer rate 4.thebus slaveesponds with data
in bits per second or bytes per second. In 5 the master acknowledges receipt of the
some instances the bandwidth average ratgjata
is given and in others the maximum rate is g the bus master releases the bus.
given. Itis approximately equal to the width The first two steps may be overlapped with
of the data bus, multiplied by the transfer rate e preceding data transfer.
in bus data words per second. Thus a 32 bit  gge alsdus controllerbus master
data bus, transferring 25 million words per
second (40 ns clock) has a bandwidth of 800y differential relay  a differential relay
Mb/s. specifically designed to protect high power
The useful bandwidth may be lowered by pyses with multiple inputs.
the time to first acquire the bus and possibly
transfer addresses and control information. pus driver the circuits that transmit a
(2) the transfer rate that is guaranteed thatsignal across a bus.
no user will exceed.
bus grant an output signal from a pro-
busbar aheavyconductor, typically with- cessor indicating that the processor has relin-
outinsulation and in the form of a bar of rect- quished control of the bus to a DMA device.
angular cross-section.
bus hierarchy  anetwork of busses linked
bus broadcast Seebroadcast together (usually multiple smaller busses
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connected to one or more levels of larger bus priority rules for deciding the prece-
busses), used to increase the number of eldence of devices in having bus requests hon-
ements that may be connected to a high-ored.
performance bus structure. Devices issue requests on one of several
bus request lines, each with a different bus
bus idle the condition that exists when priority. A high priority request then “wins”
the bus is not in use. over a simultaneous request at a lower prior-
ity.
bus impedance matrix ~ SeeZ-bus The request grant signals then “daisy
) . ) . chains” through successive devices along the
bus interface unit  in modern CPU im- 1,5 or is sent directly to devices in appropri-
plementations, the module within the CPU 46 order. The requesting device closest to
directly responsible for interactions between {ne pus controller then accepts the grant and
the CPU and the memory bus. blocks its propagation along the bus.
Buses may have handle interrupts and di-
rect memory accesses with separate priority
systems.

bus line  one of the wires or conductors
that constitute a bus. A bus line may be used
for data, address, control, or timing.

bus protocol (1) a set of rules that two
parties use to communicate.

(2) the set of rules that define precisely
the bus signals that have to be asserted by the
master and slave devices in each phase of a
bus operation.

bus locking  the action of retaining con-
trol of a bus after an operation which would
normally release the bus at completion. In
the manipulation of memory locks, amemory
read must be followed by a write to the same
location with a guarantee of no intervening
operation. The bus must be locked from the
initial read until after the update write to give
an indivisible read/write to memory.

busrequest aninputsignalto a processor
that requests access to the bus; a hold signal.
Competing bus requests are resolved by the

bus master  a bus device whose request bus controllerSee alsdous controller

is granted by the bus controller and thereby )

gains control of the bus for one or more cy- Pus slave  a device that responds to a re-
cles or transfers. The bus master may alwaysluest issued by the bus mast8ee alsdus
reside with one subsystem, or may be trans-mMaster

ferred between subsystems, depending onthe

architecture of the bus control logiSee also  bus snhooping  the action of monitoring
bus controllerbus cycle all traffic on a bus, irrespective of the ad-

dress. Bus snooping is required where there
bus owner the entity that has exclusive are several caches with the same or overlap-
access to a bus at a given time. ping address ranges. Each cache must then
“snoop” on the bus to check for writes to ad-
bus phase  a term applying especially to dresses it holds; conflicting addresses may be
synchronous buses, controlled by a centralupdated or may be purged from the cache.
clock, with alternating “address” and “data” Bus snooping is also useful as a diagnostic
transfers. A single transfer operation re- tool.
quires the two phases to transfer first the ad-
dress and then the associated data. Bus arbus state triggering a data acquisition
bitration may be overlapped with preceding mode initiated when a specific digital code is
operations. selected.
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bus tenure  the time for which a device wall of a transformer tank so as to insulate
has control of the bus, so locking out other the conductor from the wall.
requesters. In most buses, the bus priority ap-
plies only when a device completes its tenure; bushing transformer  a potential trans-
even a low priority device should keep its former which is installed in a transformer
tenure as short as possible to avoid interfer-bushing so as to take advantage of the in-
ence with higher priority devicesSee also  sulating qualities of that bushing.
bus priority.

busway a specialized raceway which
bus transaction  the complete sequence holds un-insulated bus bars in a building.
of actions in gaining control of a bus, per-
forming some action, and finally releasing Pusy tone multiple access (BTMA)  syn-
the bus.See alsdus cycle onym for idle tone multiple access

bus watching  Seebus snooping - ) )
busy waiting  a processor state in which

bus width the number of data lines in a 't iS reading a lock and finding it busy, so it

given bus interconnect. repeats the read until the lock is available,
without attempting to divert to another task.

bus-connected reactor Seeshuntreactor 'he name derives from the fact that the pro-
gram is kept busy with this waiting and is not
accomplishing anything else while it waits.

busyard anareaof a generating station or 1€ entire “busy loop” may be only 2 or 3

substation in which bus bac§and switches ~ instructions.
are located. “Busy waiting” is generally deplored be-

cause of the waste of processing facilities.

Bush, Vannevar  (1890-1974) Born: Ev-
erett, Massachusetts, U.S.A.
Bushis bestknow as the developer of early

electromechanical analog computers. His

“differential analyzer,” as it was called, arose _?_Irl] offsei from GI?Ch otherf by a f'?)'te afn_gle.t
from his position as a professor of power € System makes use of a number of Inpu

engineering at the Massachusetts Institutepqrt$ conﬂected thrpughacomblr!atlon ofhy-
of Technology. Transmission problems in- brid junctions and fixed phase shifters.
volved the solution of first- and second-order
differential equations. These equations re-
quired long and laborious calculations. His
interest in mechanical computation arose
from this prob!gm. Bus_h’s machines were Butterworth filter
used by the military during World War Il to
calculate trajectory tables for artillery. Van-
nevar Bush was also responsible for inventing
the antecedent of our modern electric meter. 2
He was also scientific advisor to President [H(@)" = jow 2N
. 1+ )
Roosevelt on the Manhattan Project. J@e

Butler matrix a feed system (also called
beam-forming system), that can excite an an-
tenna array so that it produces several beams,

Butterworth alignment ~ a common filter
alignment characterized by a maximally flat,
monotonic frequency response.

an IIR (infinite im-
pulse response) lowpass filter with a squared
magnitude of the form:

bushing  a rigid, hollow cylindrical insu- buzz stick  a tester for insulators, espe-
lator which surrounds a conductor and which cially strain insulators in a string. It consists
extends through a metal plate such as a theof a pair of probes connected to each side
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of a small sphere gap. When the probes arebyte  in most computers, the unit of mem-
touched to each terminal of a good insulator, ory addressing and the smallest quantity di-
the gap will break down and emit a buzzing rectly manipulated by instructions. The term
sound. “byte” is of doubtful origin, but was used
in some early computers to denote any field
BVgp common notation for FET gate-to- within a word (e.g., DEC PDP-10). Since
drain reverse breakdown voltage. its use on the IBM “Stretch” computer (IBM
7030) and especially the IBM System/360 in
BVgs  common notation for FET gate-to- the early 1960s, a byte is now generally un-

source reverse breakdown voltage. derstood to be 8 bits, although 7 bits is also
_ ) ~apossibility.

bw  common notation for radian bandwith

in radians per second. byte multiplexer channel  an I/O chan-

nel that can be assigned to more than one
bw,  common notation for fractionalarith-  gata transfer at a time and can be released
metic mean radian bandwidth in radians per o another device following each byte trans-
second. fer. (In this regard, it resembles a typical
computer bus.) Byte multiplexing is par-
ticularly suited to lower speed devices with
minimal device buffering. (IBM terminol-
ogy) See alscselector channemultiplexer
channel

bw,  common notation for fractional geo-
metric mean radian bandwidth in radians per
second.

BWO Seebackward wave oscillator

byte serial amethod of data transmission
where bits are transmitted in parallel as bytes
and the bytes are transmitted serially. For ex-
ample, the Centronics-style printer interface
is byte-serial.

BX cable a flexible, steel-armored cable
used in residential and industrial wiring.

bypass Seeforwarding
bypass switch a manually-operated

switch used to connect load conductors when
an automatic transfer switch is disconnected.

ﬁ

POWEREN.IR
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A hit occurs when a reference can be sat-
isfied by the cache; otherwise a miss occurs.
C The proportion of hits (relative to the total
number of memory accesses) s the hitratio of
the cache, and the proportion of misses is the
miss ratio. See als@ode cachgedata cache
direct mapped cachtully associative cache

c common symbol for speed of light in set associative cachand unified cache
free spacec = 3 x 1010 cmy/s.

cache aliasing  a situation where two or
more entries (typically from different virtual
addresses) in a cache correspond to the same
address(es) in main memory. Considered un-
desirable, as it may lead to a lack of consis-
tency (coherence) when data is written back
to main memory.

Cep common notation for FET gate-to-
drain capacitance.

Cas common notation for FET gate-to-
source capacitance.

C-band microwave frequency range,
3.95-5.85 Ghz.

cache block  the number of bytes trans-
C-element a circuit used in an asyn- ferred as one piece when moving data be-
chronous as an interconnect circuit. The tween levels in the cache hierarchy or be-
function of this circuit is to facilitate the tween main memory and cache). The term
handshaking communication protocol be- lineis sometimes used instead of block. Typ-
tween two functional blocks. ical block size is 16-128 bytes and typical

cache size is 1-256 KB. The block size is
cable an assembly of insulated conduc- chosen so as to optimize the relationship of
tors, either buried or carried on poles (aerial the “cache miss ratio,” the cache size, and the
cable). block transfer time.

cable limiter a cable connector that con-
tains a fuse. Cable limiters are used to pro-
tect individual conductors that are connected
in parallel on one phase of a circuit.

cache coherence the problem of keeping
consistent the values of multiple copies of a
single variable, residing either in main mem-
ory and cache in a uniprocessor, or in dif-
ferent caches in a multiprocessor computer.
In a uniprocessor, the problem may arise if
the 1/0 system reads and writes data into the
main memory, causing the main memory and
cache data to be inconsistent, or if there is

pache an |ntermed|ate memory ;tore hav- aliasing. Old (stale) data could be output
ing storage capacity and access times some:,

. . f the CPU has written a newer value in the
where in between the general register set an .
) . -~ .~ “cache, and this has not been transported to
main memory. The cache is usually invisi-

. . the memory. Also, if the I/O system has in-
ble to the programmer, and its effectiveness .
. . put a new value to main memory, new data
comes from being able to exploit program lo- L . )
) i would reside in main memory, but not in the
cality to anticipate memory-access patternscaChe
and to hold closer to the CPU: most accesses '
to main memory can be satisfied by the cache,
thus making main memory appear to be fastercache hit  when the data referenced by the

than it actually is. processor is already in the cache.

cabletray a specialized form of raceway
used to hold insulated electric power cables
in a building.
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cacheline ablock of data associated with calculate power flows before the advent of
a cache tag. electronic computers.

cache memory  Seecache calibration  the procedure of character-
izing the equipment in place for a particular

cache miss  a reference by the processor measurement set-up relative to some known

to a memory location currently not housed in quantity, usually a calibration standard trace-

the cache. able to the National Institute for Standards
and Technology (NIST).

cache replacement when a “cache miss”

occurs, the block containing the accessed lo-calibration kits designed for use with

cation must be loaded into the cache. If this vector network analyzers. With these kits
is full, an “old” block must be expelled from  you can make error-corrected measurements
the cache and replaced by the “new” block. of devices by measuring known devices
The “cache replacement algorithm” decides (standards) over the frequency range of in-

which block should be replaced. Anexample terest. Calibration standards include shorts,
of this is the “Least Recently Used (LRU)" open, sliding, and fixed loads.

algorithm, which replaces the block that has
gone the longest time without being refer-

calibration standards a precision de-
enced.

vice used in the process of calibrating an EM
measurement system. It can be a standard
gain horn, an open, a short, a load, sphere,
etc., used to characterize an RCS, antenna,
cache tag  a bit field associated with or transmission line measurement system.
each block in the cache. It is used to de- Most calibration standards are provided with

termine where (and if) a referenced block re- gocumentation that can be traced to a set of
sides in the cache. The tags are typically standards at the NIST.

housed in a separate (and even faster) mem-
ory (the “tag directory”) which is searched

forin each memory reference. In this search,
the high order bits of the memory address
are associatively compared with the tags to
determine the block location. The number (2) an instruction used to enter a subrou-

of bits used in the tag depends on the Cachéine. When a call instruction executes, the
block “mapping function” used: “Direct- current program counter is saved on stack,

mapped,” “Fully associative,” or the “Block- and the address of the subroutine (provided
set-associative” mapped cache. by the call instruction) is used as the new pro-
gram counter.

cache synonym Seecache aliasing

call instruction (1) command within a
computer program that instructs the com-
puter to go to a subroutine.

CAD Seecomputer-aided design
calorimeter  a device used to determine
cage-rotorinductionmotor  aninduction  particle energies by measuring the ionization
motor whose rotor is occupied by copper or Of a particle shower in a heavy metal, usually
aluminum bars, known as rotor bars, insteadiron and lead.
of windings. Also commonly referred to as
a squirrel-cage induction motor. CAM acronym for content-addressable
memory or computer-aided manufacturing.
calculating board a single-phase scale See associative memory computer-aided
model of a power system that was used tomanufacturing
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CAMAC acronym for computer auto- candlepower distribution  a curve, gen-

mated monitor and control — an internation- erally polar, representing the variation of lu-

ally accepted set of standards for electronicminous intensity of a lamp or luminaire in a

instrumentation, which specifies mechanical, plane through the light center.

electrical, and functional characteristics of

the instrument modules. canned magnet a magnet that is com-
pletely encased in its own vacuum jacket.

camera adevice for acquiring an image,

usually in a photographic or electronic form Canny edge detector  an edge detector
— inthe latter case typically as a TV camera. that uses an approximation to the optimal fil-
Cameras may operate in optical, infra red, or ter- Seenfinite symmetric exponential filter

other wavelength bands. _
Canny operator an edge detector devised

by John Canny as the optimal solution to a

camera calibration  a process in which o . .
. . variational problem with three constraints.
certain camera parameters, or equivalently.

. . ”The general solution obtained numerically
some quantities that are required for determi- : . :
. . . . can be approximated in practical contexts by
nation of the perspective projection on anim-

age plane of a point in the 3-D world, are cal- the first derivative of a Gaussian. Canny op-

. erator usually refers to the extension to two
culated by using the known correspondence . : : N
L dimensions of this approximation, i.e., to use
between some points in the 3-D world and .
o . . of a set of oriented operators whose orthog-
their images in the image plane.

onal cross sections are a Gaussian and the
) derivative of a Gaussian. Its advantage is its
camera model (1) the representation of - capapjity for allowing edges and their orien-
the geometric and physical features of a stereyaiions to be detected to sub-pixel accuracy.
ovision system, with relative references be- |; yses a convolution with a Gaussian to re-

tween the two camera coordinate systemsyce noise and a derivative to enhance edges
and absolute references to a fixed coordinatgy, the resulting smoothed image. The two
system. are combined into one gie— a convolution

(2) a mathematical model by which the with the derivative of a Gaussian. A hystere-
perspective projection on an image plane ofsis thresholding stage is included, to allow
a point in the 3-D world can be determined. closed contours to remain closed.

can  slangfor a pole-top distributiontrans- CAP ~ Seecarrierless amplitude/phase
former. modulation

capability  an object that contains both a
pointer to another object and a set of access
permissions that specify the modes of access
permitted to the associated object from a pro-
cess that holds the capability.

candela (cd) unit of measurement for lu-
minous intensity (illuminating power in lu-
mens/sr). The luminous intensity of 1/60 of
1 cn? of projected area of a blackbody radi-
ator operating at the temperature of solidifi-
cation of platinum (2046K). Historically, the
unit of measurement for the light emitted by
one flame of a specified make of candle.

capabilitycurve  Seecapability diagram

capability diagram also called capabil-
ity curve. Graphical representation of the

candle  Seecandela complex power limits for safe operation of
a synchronous machine. The vertical axis is
candle power Seecandela average poweP and the horizontal axis is
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reactive powerQ. The region of allowable and ground. The circuit finds application in

operation is determined by factors such as ro-capacitive sensors.

tor thermal limit, stator thermal limit, rated

power of prime mover (alternator operation), capacitive reactance  the opposition of-

and stability torque limit. fered to the flow of an alternating or pulsating
current by capacitance measured in ohms.

capability list a list of capabilities, usu-

ally associated with a process, defining a setcapacitively coupled current See

of objects and the modes of access permit-capacitively coupled field

ted to those objects. Computer systems have

been designed to use capability lists to definecapacitively coupled field ~ field appliedto

t_he memory environment for process execu-the affected limb by electrodes touching the

tion. skin (the current from the electrodes has both
displacement and conduction components).

capacitance  the measure of the electri-

cal size of a capacitor, in units of farads. capacitor bank (1) an assembly at one

Thus a capacitor with a large capacitance|ocation of capacitors and all necessary ac-

stores more electrons (coulombs of charge)cessories, such as switching equipment, pro-

at a given voltage than one with a smaller tective equipment, and controls, required for

capacitance. a complete operating installation.

In a multiconductor system separated by  (2) a group of (typically 3) capacitors
nonconductive mediums, capacitano€) (  mounted on an electric power line for volt-
is the proportionality constant between the age boosting or power facta correction
charge §) on each conductor and the volt-
age (/) between each conductor. The total
equilibrium system charge is zero. Capac- capacitor-start induction motor (CSIM)
itance is dependent on conductor geometry, 3 single-phase induction motor with a ca-
conductor spatial relationships, and the ma-pacitor in series with its auxiliary winding,
terial properties surrounding the conductors. producing nearly a 90phase difference be-

Capacitors are constructed as two metaltween the main winding and the auxiliary
surfaces separated by a nonconducting elecwinding currents at starting. This results in
trolytic material. When a voltage is applied a high starting torque, so this motor is used
to the capacitor the electrical charge accumu-for hard-to-start loads. The auxiliary wind-
lates in the metals on either side of the non-ing and capacitor are removed from the cir-
conducting material, negative charge on onecuit by a centrifugal switch as the machine
side and positive on the other. If this mate- approaches operating speed.
rial is a fluid then the capacitor is electrolytic;
otherwise, it is nonelectrolytic. capacity miss  a category of cache misses

denoting the case where the cache is not large
capacitance bridge acircuitthatincludes €enough to hold all blocks needed during ex-
two branches which form a balanced drive ecution of a programSee als@onflict miss
(two sinusoidal voltage sources connectedcold start miss
in series with common point grounded) and
two capacitances connected in series betweegapacity region for a multiple termi-
free ends of the voltage sources. The detectonal communications system. The entire set
of current (virtual ground of an operational of rate-vectors for which there exist chan-
amplifier is a suitable choice) is connected nel codes such that the probability of mak-
between the common point of the capacitorsing a decoding error can be made arbitrar-
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ily small. See alscachievable rate region card a printed circuit board that can be
multiple access channel plugged into a main board to enhance the
functionality or memory of a computer.

capture effect  a phenomenon found in _ _ _
packet switched networks in which nonequal €ard cage  mechanical device for holding
powers in packet radio networks using con- Circuit cards into a backplane.

tention protocols lead to higher throughputs. ) ) )

In contention protocols used in packet ra- cardinal series the formula by which
dio networks, the transmitted packets are al-Samples of a bandlimited signal are interpo-
lowed to collide. If two packets collide and lated to form a continuous time signal.

one is significantly stronger in power, this

packet is more likely to be captured (de- cardinalvowel accordingto English pho-
tected) by the receiver. netician Daniel Jones, a vowel corresponding

to one of the extreme positions of the vowel

capturerange therange ofinputfrequen- diagram.

cies over which the PLL can acquire phase

lock carrier amplitude amplitude of the ra-

dio frequency sinusoid used as a vehicle for
transporting intelligence from the sending
capture register  internal register which, engd of a communications link to the receiv-
triggered by a specified internal or external ing end. For an AM, FM, or PM wave, the
signal, store or “capture” the contents of an peak amplitude of the spectral component in
internal timer or counter. the frequency domain about which symme-
try exists. The carrier amplitude (as a func-
carbon brush  a block of carbon used to tion of time) contains a portion of the intelli-
make an electrical contact to a rotating coil gence for angle modulationSeefrequency
via the commutator of a DC machine or the modulationandphase modulation In con-

slip rings of a synchronous machine. trast, the carrier amplitude contains no in-
formation for AM or any of the SSB varia-
carbon dioxide (COy) linear gas fions (Seeamplitude modulatiomndsingle

molecule consisting of one carbon and two Sideband modulatign butis merely used as
oxygen atoms, medium for animportant class @ frequency marker.

of lasers. . _
carrier concentration  the number of mo-

o . . bile charge carriers per unit volume, positive
carbon dioxide laser  laser in which the . .
. . . o . (holes) or negative (electrons). In a semicon-
amplifiying medium is carbon dioxide gas; .
o L ductor, both concentrations are present and
efficient, powerful, and commercially impor- are modifiable by externally applied electric
tant laser that is pumped and configured in y y app

many ways and has its principal output lines fields.

in the mid-infrared. . L
carrier current communication the use

] of electric lines to carry communication sig-
carbon resistor thermometer  a carbon gis.

resistor whose temperature sensitivity pro-

vides good temperature resolution. carrier frequency  in pulse-width-modu-
lated (PWM) switching schemes, the switch-
carcinotron a forward radial traveling ing frequency that establishes the frequency
wave amplifier in which microwave signals at which the converter switches are switched.
are fed to the radial slow wave structure. In sine-triangle PWM, the carrier frequency
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is the frequency of the triangle waveform that ing what is termed a “pilot tone” at the carrier
the control or modulating signal is compared frequency.
to.
carrier synchronization a synchroniza-
carrier lifetime the average duration an tion technique used in radio receivers. In all
electron or a hole stays in a certain state.  radio receivers some sort of carrier frequency
synchronization is required; the phase syn-
carrier phase  the phase of a sinusoidal chronization is needed only if phase coherent
signal that is the carrier in a modulation demodulation is desired. Can be categorized
scheme such as AM, FM, SSB, etc. The car-as open and closed loop carrier synchroniza-
rier may be defined in the form coSw.t + tion.
¢). The carrier is specified by the parameters
A (amplitude)w,. (carrier frequency), and carrier-sense multiple access (CSMA) a
(carrier phase). random-access method of sharing a bus-type
communications medium in which a poten-
carrier shift the difference in frequency tial user of the medium listens before begin-
between the steady state, mark, and space iming to transmit. The channel sensing signif-
frequency shift keying (FSK) systems. icantly reduces the probability of collisions.
Compare withALOHA.
carrier signal the RF signal in a com-
munications system that has the modulatingcarrier-to-interferenceratio (CIR)  sim-
signal superimposed on it. This signal may ilar to signal-to-interference ratio but usu-
have its frequency, amplitude, or phase variedally used in cellular communication systems
to form a modulated signal. Without modu- where the carrier refers to the signal of inter-
lation it is a simple RF signal. est and the interference refers to interference
Many communication systems rely on the from other transmitters in the systensee
concept of sinusoidal amplitude modulation, alsosignal-to-interference ratio
in which a complex exponential signal c(t)
has its amplitude multiplied (modulated) by carrier-to-noiseratio  the ratio of the am-
the information-bearing signal(z). This  plitude of the carrier signal to that of the noise
signalx(¢) is typically referred to as the mod- in the IF bandwidth measured at any point
ulating signal and the signalr) asthe carrier  in the receiver before any nonlinear process
signal. The modulated signa(r) isthenthe  such as amplitude limiting or detection. The
product of these two signals. carrier to noise ratio is typically expressed in
decibels.
y() = x(1)c(r)
carrierless amplitude/phase modulation
(CAP) animplementation of a quadrature
carrier suppression in SSB communi- amplitude modulation transmitter in which
cations, the degree to which the carrier am-the passband in-phase and quadrature signals
plitude is reduced from its original value are generated directly via quadrature digi-
out of the modulator. Gee alsdbalanced tal filters. A recent application for CAP is
modulator ) Carrier suppression is gen- high-speed digital subscriber lineSee also
erally used as a method to significantly re- quadrature amplitude modulation
duce the amount of unnecessary transmitted
power, based upon the fact that no informa- carry overflow signal that occurs when
tion is contained within the carrier amplitude the sum of the operands at the inputs of the
in an AM waveform. It is sometimes desir- adderequalsthe base. Abinary adder, adding
able to only partly suppress the carrier, leav- 1+ 1 will produce a sum of 0 and carry of 1.
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carry bit Seecarry. cascade connection a series connection
of amplifier stages or networks in which the
carryflag  Seecarry. output of one feeds the input of the next.

carry look-ahead adder high-speed cascade system ~ a 3-level system
adder that uses extra combinational logic tocontaining high-, intermediate-, and low-
generate all carries in an m-bit block in paral- energy states. Resemb_llng a cascade,
lel. Amethod of generating the signals corre- these states are coup!ed,_ in that sequence,
sponding to the carries (borrows) in an addi- by two eIet_:tromagneUc fields. See also
tion (subtraction) circuit that does not require cathodoluminescent

all the lower order carries to be determined,;

a high-speed carry. cascode a circuit technique in which the

current output of the collector (drain) of a

BJT (FET) is buffered by a common base
(common gate) amplifier stage. The purpose
is to increase the bandwidth and/or output
resistance.

Cartesian-based control  the system de-
picted in the figure. Notice that inverse kine-
matics is embedded into the feedback control
loop. Due to the inverse kinematics calcula-
tions, Cartesian-based control is of greater
computational complexity. Her&,, X4,
and X, denote position, velocity, and accel-
eration of the desired trajectory in Cartesian
space.t is a vector of generalized forces and
q is a vector of generalized positions.

cascode amplifier anamplifier consisting

of a grounded-emitter input stage that drives
a grounded-base output stage; advantages in-
clude high gain and low noise; widely used
in television tunersSee als@ascode

CASE See computer-aided software
engineerin
3 8)—-{“ Cooranate 4.‘“:{ Confroller 4.<T Manipulator a g g
[ e castellation  recessed metallized feature
kinematics . . .
L onthe edges of a chip carrier thatinterconnect
Cartesian-based control scheme. conducting surfaces or planes within or on the
chip carrier.

Cartesian product a mathematical oper- casualfilter  afilter of which the transition

ation on two sets. The Cartesian product of from the passband to the stopband is gradual,

two sets, sayt andB, denotedd x B, isthe  notideal. This filter is realizable.

set of all ordered pairs with the first element

of each pair an element @f and the other an ~ catadioptric  an optical system made up

element ofB. That is, of both refractive elements (lenses) and re-

flective elements (mirrors).

AxB={(a.b)|acAandb < B} catastrophic code  a convolutional code

in which a finite number of code symbol er-

_ rors can cause an unlimited number of de-
Cartesian space  Seeexternal space coded symbol errors.

cartridge fuse replaceable electrical catastrophic encoder a convolutional

safety device in which metal melts and in- encoder with at least one loop in the state-
terrupts the circuit when the current exceedstransition diagram with zero accumulated
a preset limit in duration and magnitude. code symbol weight, at least one nonzero in-
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formation symbol and not visiting the zero CATV  Seecommunity-antennatelevision

state. After decoding, a finite number of

(channel) errors can result in an infinite num-

ber of errors (catastrophic error propagation). Cauchy distribution  the density function
for a Cauchy distributed random variabte

catastrophic error propagation when IS
the state diagram contains a zero distance fx(x) = ——

1+x2
path from some nonzero state back to the
same state, the transmissioha 1l causes Note that the moments for this random vari-
an infinite number of errors. See also able do not exist, and that the cumulative dis-
catastrophic encoder tribution function is not defined.See also

probability density functionmoment

catastrophicthermalfailure  animmedi- _ o
ate, thermally induced total loss of electronic Caurer filter  Seeelliptic filter.

function by a component or system.
causal system  a system whose output

does not depend on future input; the output
at timer may depend only on the input sig-
nal {f(z) : = < t}. For example, the volt-
age measured across a particular elementin a
passive electric circuit does not depend upon

o ) ) future inputs applied to the circuit, and hence
categoricinput  anonnumeric (symbolic) s 5 causal system.

input, e.g., gender, color, whichis usually fed
to a network using one-out-of-N coding.

catcher a cavity resonator of a multi-
cavity klystron proximate to the collector to
catch microwave energy from the bunched
electrons.

If a system is not causal, then it is non-
causal. Anideal filter which will filter in real
time all frequencies present in a signalk)
catenation symbols strung together to requires knowledge dff (r) : T > ¢}, andis
form a larger sequence, as the characters in an example of a noncausal system.
word and the digits in a number.

causality a systemH : X, - X, or
cathode the negative electrode of a de- equivalently, an operator that maps inputs
vice. Contrast withanode from the extended spaéé into outputs from
the same space where the output at time

cathode ray tube (CRT)  a vacuum tube is not a function.of future ipputs. This can
using cathode rays to generate a picture on e expres_sed using truncations as follows: A
fluorescent screen. These cathode rays are ifyStemH is causal if

fact the electron beam deflected and modu-
lated, which impinges on a phosphor screen
to generate a picture according to a repeti-
tive pattern refreshed at a frequency usually
between 25 and 72 Hz.

[Hx()]r =[Hxr()]r Vx e X,
See alsextended spacandtruncation

cavity (1) a fully enclosed, hollow con-
ductor, in which only time-harmonic electro-
cathodoluminescent  the property of lu-  magnetic fields of specific frequencies (i.e.,
minescent crystals (phosphors) to emit visi- resonant frequencies) exist. Each resonant
ble light with bombarded electrons. frequency is identified by a collection of
numbers in conjunction with a mode designa-
catoptric  an optical system made up of tor of the transverse electric, transverse mag-
only reflective elements (mirrors). netic, or transverse electromagnetic type.
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(2) in optics, region of space that is par- singular or rectangular. A paiin1, np) of

tially or totally enclosed by reflecting bound-

positive integers:y, np such that7,, = 0

aries and that therefore supports oscillationfor p < —n1 and/orqg < —n» is called the

modes.

cavity dumping fast removal of energy

stored in alaser cavity by switching the effec-

tive transmission of an output coupling mir-
ror from a low value to a high value.

cavity lifetime

one of several names used
to indicate the time after which the energy
density of an electromagnetic field distribu-

index of the model. Transition matric&s,,
of the generalized 2-D model satisfy

np np

Z Z dpgTp—k-14g-—1-1=0

p=04=0
for

k<Oandmy <k <2n1—1
t<O0andmo <t <2np—1

tion in a passive cavity maybe expected to whered,, are coefficients of the polynomial

fall to 1/e of its initial value; the name pho-
ton lifetime is also common.

cavity ratio (CR) a number indicating

cavity proportions calculated from length,
width, and height. It is further defined into
ceiling cavity ratio, floor cavity ratio, and
room cavity ratio.

cavity short  a grounded metal rod con-
necting the body of an RF cavity. By ground-
ing the cavity, it is kept from resonating.

Cayley—Hamilton theorem for 2-D general

model let T, be transition matrices de-
fined by
AoT-1,-1+ A1To,—1+ A2T-10
+I,forp=¢q=0
ETpg = AoTp-14-1+ A1Tp g1
+A2Tp—1,q
for p #0and/org #0
and

[Ez1zo — Ag — A1z1 — Aozo] L

o0 o0
_ —(p+D _—(g+D)
= E : E : Tpgzy 22

p=—n1q=—nz
Exiy1,j41 = Aoxij + A1xip1,j + A2xi j11
+ Bouij + Buujy1,j + Baui j+1

i, j € Z4 (the set of nonnegative integers)
wherex; ; € R" is the semistate vector,
u;j € R™is the input, andE, Ax, B
(k = 0,1, 2) real matrices withE possibly
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det [Ez1z2 — Ao — A1z1 — A2z2]

n1 ny

= Z dequz%

p=0¢=0
andm1, m» are defined by the adjoint matrix

adj [Eziz2 — Ag — A1z1 — A2z9]

myp mz

_ )
=22 Hiyaz
i=0 j=0
(mp<n—-1mpz<n-1)

Cayley—Hamilton theorem for 2-D Roesser

model letT;; be transition matrix defined
by
I (the identity matrix)
fori,j =0
A1 Ao 0O
Tij = Two= [ 0 0},7"01:: [AsAJ

T10Ti-1,j + ToaT;, j—1 fori, j € Z
Ofori <Oor/andj <0

(Z4 is the set of nonnegative integers) of the
2-D of the Roesser model
B1
J+ (2

th+1’j _ A]_ AZ xihj
xiljj+1 A3z Ay xivj

i,j € Zy wherex/, € R" andx}; € R"
are the horizontal and vertical state vectors,
respectivelyu;; € R™ is the input vector,
andAq, Ay, As, Aa, B1, B are real matri-
ces. The transition matrice§; satisfy the



equation

n1 n2
Z ZaijTi+h,j+k =0
i=0 j=0
forh = 0,1,... andk = 0,1, ... where
a;j are coefficients of the 2-D characteristic
polynomial

In,z1— A1 —A2
det| "
[ —A3z  Ip,z2 — AJ
ny n )
= Y wjzizh (angm, =1)
i=0 j=0
CB  SeeCitizen’s band
CBE  Seechemical beam epitaxy
CBR Seeconstant bit rate
CCD  Seecharge-coupled device

CCDmemory Seeharge-coupled-device
memory

CCDF Seecomplementary cumulative
distribution function

CCl Seecochannel interference

CCIR
Committee

CCITT
Telegraphique et @éphonique

CCITT two-dimensional a modified

CCVT Seecoupling capacitor voltage
transformer

CD Seeompactdiskcritical dimension

CD  Seecritical dimension

cd  Seecandela

CD-l Seecompact disk-interactive
CD-ROM  aread-only compact dislSee

alsocompact disk

CDF Seeumulative distribution functian

CDMA
access

See code division multiple

Cds abbreviation for cadmium sulfide,
a photoconductor with good visible light re-
sponse.

CEL  Seecontrast enhancement layer
CELL Seesurface-emitting laser logic
cell (1) in mobile radio communica-

tions, the area serviced by one base sta-
tion. One way of categorizing the cells is
according to their size. Cell sizes may range

Sednternational Radio Consultative from a few meters to many hundred kilome-

ters. See alsgicocell nanocell nodal cel)
microcell macro cell large cell megacell

SeeComite Consulatif International satellite cell

(2) in ATM systems a small packet of fixed
length. The CCITT chose a cell size of 53-
bytes comprising a 5-byte header and 48-byte

relative element address designate schemepayload for their ATM network.

The position of each changing element on

the present line is coded with respect to thecell library a collection of simple logic

changing element on the reference line or theelements that have been designed in accor-

preceding changing element on the presendance with a specific set of design rules and

line. The reference line lies immediately fabrication processes. Interconnections of

above the present line. such logic elements are often used in semi-
custom design of more complex IC chips.

CCR  Seecochannel reuse ratio

cell switching means of switching data

among the ports (inputs and outputs) of a

CCS  Seecommon channel signaling
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switch such thatthe datais transferred in unitsthe sum of the maximum data rates that can be

of a fixed size. delivered to subscribers affiliated to all base
stations in are-use cluster of cells, occupying

cell-cycle-specific control  atype of con- as small a physical area as possible. Mathe-

trol arising in scheduling optimal treatment matically, the cellular spectral efficiency,

protocols in the case when treated popula-is defined as

tion is sensitive to the therapy only in cho-

sen phases of its cell cycle. A mathematical

model of population dynamics used to solve > Zi’(zl Rij . )

the problem of such control should be com- 7= mblt/s/Hz/km

posed of subsystems sensitive and insensitive ]

to the drug. It may be achieved by the use Wherer denotes the number of cells in a re-

of compartmental models. Typical types of US€ clusterR;; denotes the data rate mea-

perturbations of the cell cycle considered asSured in bits/s at some predefined BER avail-

cel-cycle-specific control are as follows: cell @ble to subscriber in cell j of the re-use

arrest, cell killing, and alteration of the transit cluster, B denotes the total bandwidth mea-

time. They could be applied for representa- sured in hertz allocated to all cells in thg re-

tion of cell synchronization, cell destruction, US€ cluster, andqusier denotes the physical

and cell recruitment from the specific phase. &€&, measuredin square kilometers occupied
by the re-use cluster.

cellular automaton system designed ) ) o
from many discrete cells, usually assem- CELP  Seecode excited linear prediction
bled in one- or two-dimensional regular ar-

rays, each of which is a standard finite

state machine. Each cell may change itscenter frequency (1) the frequency of
state only at fixed, regular intervals, and Maximum or minimum response for a band-
only in accordance with fixed rules that de- Pass or a bandstop filter, respectively; often
pend on cells’ own values and the values of taken as the geometric mean of the lower and
neighbors within a certain proximity (usually UPPer cutoff frequencies.

two- for one-dimensional, and four- for two-  (2) the frequency at the center of a spec-
dimensional cellular automata). Cellular au- trum display.

tomata are a base of cellular computers; fine  (3) the average frequency of the emitted
grain systems that are usually data-driven andvave after modulation by a sinusoidal signal.
used to implement neural networks, systolic  (4) the frequency of a non-modulated
arrays, and SIMD architectures. wave. See alsehannel

cellular communications traditionally,  centerofaverage anapproach of defuzzi-

an outside-of-building radio telephone sys- fication that takes the weighted average of the

tem that allows users to communicate from centers of fuzzy sets with the weights equal

their car or from their portable telephone.  to the firing strengths of the corresponding
fuzzy sets.

cellular manufacturing grouping of

parts by design and/or processing similaritiescenter of gravity method Seecentroid

such that the group (family) is manufactured method

on a subset of machines which constitute a

cell necessary for the group’s production.  center of projection  the point within a
projector from which all the light rays ap-

cellular spectral efficiency  the cellular  pear to diverge; the point in a camera toward

spectral efficiency of a system is defined aswhich all the light rays appear to converge
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before they cross the imaging plane or pho-ities for bus access, so if more than one de-
tographic plate. vice wants bus access simultaneously, the one

with the highest priority will get it first. This
central absolute moment  for random  prioritization is handled by the bus arbiter.
variablex, the pth central absolute moment

is given byE[|x — E[x]|”. See als@entral  centrifugal switch a speed-sensitive

moment absolute momenexpectation switch operated by centrifugal force, mounted
on the shaft of a motor, used to perform a cir-

central limit theorem (CLT) in proba-  cuit switching function. Used in single-phase

bility, the theorem that the density function of induction motors to disconnect the starting

some function ofi independent random vari-  winding when the motor approaches operat-

ables tends towards a normal curvedsnds  ing speed.

toinfinity, as long as the variances of the vari-

ables are bounded: @ 0 <v; <y <o0.  centripetal force force that is present

Hereo andy are positive constants, angdis  during the robot motion. The force depends

the variance of théth random variableSee  upon the square of the joint velocities of the

alsoGaussian distributian robot and tend to reduce the power available

from the actuators.
central moment  for random variablex
thenth central moment is given by centroid (1) aregion in the pattern space
00 to which aremarkable number of patterns be-
E[(X —m)?] = / (x —m)? fx (x)dx long.
- (2) the center of a mass.
where fx (x) is the probability density func- (3) description of the center of a particle
tion of X. See alsa@entral absolute moment beam profile.

absolute moment See als@xpectation
centroid defuzzification a defuzzifica-

central processing unit (CPU) a part tion scheme that builds the weighted sum of
of a computer that performs the actual datathe peak values of fuzzy subsets with respect
processing operations and controls the wholeto the firing degree of each fuzzy subset. Also
computing system. It is subdivided into two called height defuzzification.

major parts:

1. The arithmetic and logic unit (ALU), centroid method  a widely used method
which performs all arithmetic, logic, and of defuzzification whereby the centroid of the
other processing operations, membership function of the fuzzy set is used

2.The control unit (CU), which sequences as the defuzzified or crisp value. It is also
the order of execution of instructions, fetches known as the center of gravity method or the
the instructions from memory, decodes the composite moments method.
instructions, and issues control signals to all
other parts of the computing system. Thesecentroidal profile ~ a method for charac-
control signals activate the operations per-terizing and analyzing the shape of an object
formed by the system. having a well defined boundary. The cen-

troid of the shape is first determined. Then
centralized arbitration a bus arbitration a polar(r, ) plot of the boundary is com-
scheme in which a central bus arbiter (typ- puted relative to this origin: this plot is the
ically housed in the CPU) accepts requestscentroidal profile, and has the advantage of
for and gives grants to any connected device,permitting template matching for a 2-D shape
wishing to transmit data on the bus. The con-to be performed relatively efficientlyasa 1-D
nected devices typically have different prior- process.
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centrosymmetric medium a material The opening angle of this cone depends on

that possesses a center of inversion symmethe velocity of the particle and on the veloc-

try. Of importance because, for example, ity of light in the medium. The phenomenon

second-order nonlinear optical processes arénvolved is that of an electromagnetic shock

forbidden in such a material. wave and is the optical analogue of sonic
boom. Cerenkov radiation provides an im-

cepstrum inverse Fourier transformofthe portant tool for particle detection.

logarithm of the Fourier power spectrum of a

signal. The complex cepstrum is the inverse certainty equivalence principle  adesign

Fourier transform of the complex logarithm method in which the uncertainties of process

of the Fourier transform of the signal. parameters are not considered. Found in self-
tuning regulators where the controller param-

ceramic ferrite a relatively inexpensive eters or the process parameters are estimated

permanent magnet material with decent co-in real-time and are then used to design the

ercivity and low energy product that is com- controller as if they were equal to the true pa-

posed of strontium or barium oxide and iron rameters. Although many estimation meth-

oxide. Also called hard ferrite. ods could provide estimates of parameter un-
certainties, these are typically not used in the

cerebellar model articulation (CMAC) control design.

network a feedforward network devel-

oped originally as a model of the mam- CFD  Seecrossed field devices

malian cerebellum. Several variants now

exist, but basic operation involves the first CFIE See combined field integral

layer of the network mapping the input into a equation

higher-dimensional vector and a second layer

forming the network output by means of a CGA Seecolor graphics adapter

weighted sum of the first layer outputs. The

weights can be trained using the LMS rule. chain code a method for coding thin con-

Developed mainly for application in robotics, tours or lines, for example, in a bilevel pic-

it has also been used in pattern recognitionture, which encodes the direction of move-

and signal processing. Often called a CMAC ment from one point to the next. For 8-

network. connected contours, a three-bit code may be
used at each point to indicate which of its

Cerenkov counter  a detector for charged eight neighbors is the succeeding point.

particles. It consists essentially of a trans-

parent medium such as a gas, which emitschain matrix SeeABCD matrix.

Cerenkov radiation when a charged particle

passes through at a velocity greater than thechain parameters SeeABCD parameters

velocity of light in the medium. The mass of

a particle in a beam of known momentum can

be determined with such a counter by mea-chain reaction  a process in which high-

suring the characteristic angle at which the energy neutrons emitted from fissile radioac-

Cerenkov radiation is emitted. tive material are directed into more fissile
material such that more neutrons are emit-

Cerenkov radiation  light emitted when ted. The process creates heat which is used

a charged patrticle traverses a medium with ato power thermal power plants.

velocity greater than the velocity of light in

the medium. The Cerenkov light is emitted chaining  when the output stream of one

in a cone centered on the particle trajectory.arithmetic pipeline is fed directly into another

©2000 by CRC Press LLC



arithmetic pipeline; used in vector computers quencies from 50 Hz to 15 KHz (Channel A)
to improve their performance. and 15 KHz to 75 KHz (Channel B) which
frequency modulate the main carrier of an
chaining offuzzy rules  areasoning strat- FM stereo transmitter. Example 2: A portion
egy which searches the knowledge base anaf the electromagnetic spectrum assigned for
chain fromrule to rule to form inferences and operation of a specific carrier from the FM
draw conclusions. In forward chaining, a broadcast band (88 to 108 MHz) of frequen-
chain of data-driven rules are evaluated for cies 200 KHz wide designated by the center
which the conditional parts are satisfied to frequency beginning at 88.1 MHz and con-
arrive at the conclusion. Backward chain- tinuing in successive steps to 107.9 MHz.
ing is goal-driven in which subgoals are es-
tablished, where necessary, through which achannel allocation  the act of allocating
chain of rules are selected, eventually satis-radio channels to cells, base stations, or cell
fying the goal. sectors, in a radio network, also referred to
as frequency allocation, or frequency plan-
chamfer distance adigital distance based ning. The allocation typically follows an al-
on a chamfer mask, which gives the distancegorithm that attempts to maximize the num-
between a pixel and those in its neighbor- ber of channels used per cell and minimize
hood; then the chamfer distance between twothe interference in the network.
non-neighboring pixels (resp., voxels) is the
smallest weighted length of a digital path channel architecture a computer sys-
joining them. The word “chamfer” comes tem architecture in which 1/O operations are
from the fact that with such a distance a circle handled by one or more separate processors
isinfactapolygon. The-dimensionalMan- known as channel subsystems. Each chan-
hattan and chessboard distances are chamfarel subsystem is itself made up of subchan-
distances; the Euclidean distance is not. Innels, in which control unit modules control
the 2-D plane, the best chamfer distances aréndividual 1/O devices. Developed by IBM,
given by the(3,4) and (5, 7,11) Chamfer  and used primarily in mainframe systems, the
masks: in tha3, 4) mask, a pixel is at dis- channel architecture is capable of a very high
tance 3 from its horizontal/vertical neighbors volume of I/O operations.
and at distance 4 from its diagonal neigh-
bors, while in the(5, 7, 11) mask, it is at channel capacity afundamental limit on
distance 5 from its horizontal/vertical neigh- the rate at which information can be reliably
bors, at distance 7 from its diagonal neigh- communicated through the channel. Also re-
bors, and at distance 11 from its neighborsferred to as “Shannon capacity,” after Claude
distant by 1 and 2 respectively along the two Shannon, who first formulated the concept of
axes. Seechessboard distanc&uclidean channel capacity as part of the noisy channel
distance Manhattan distance coding theorem.

For an ideal bandlimited channel with ad-
channel (1) the medium along which data ditive white Gaussian noise, and an input av-
travel between the transmitter and receiver inerage power constraint, the channel capacity
a communication system. This could be aijsC = 0.5log(1+ S/N) bit/Hz, whereS/N
wire, coaxial cable, free space, eee also s the received signal-to-noise ratio.

I/O channel
(2) the conductivity path between the channel code a set of codewords used to
source and the drain of a field effect tran- represent messages, introducing redundancy
sistor. in order to provide protection against errors
(3) a single path for transmitting electri- introduced by transmission over a channel.
cal signals. Example 1: The band of fre- See alssource code
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channel coding the process of intro- channell/O  an approach to I/O process-
ducing controlled redundancy into an infor- ing in which I/O operations are processed in-
mation sequence mainly to achieve reliable dependent from the CPU by a channel sys-
transmission over a noisy channel. Channeltem. See alsa@hannel architecture
coding can be divided into the areas of block
coding and trellis coding. Also called error channel matched VQ See channel
control coding.See alsdlock codingtrellis ~ optimized vector quantization
codingandconvolutional coding

channel measurement See channel

channel command word  an “instruc-  S°unding

tion” to an I/0O channel. The commands con-

sists of parameters (e.g., “operation,” “data :
P (e.g P the effect of the (radio) channel on the trans-

address,” “count”) giving the channel pro- itted sianalin af table f h i
cessor information on type of I/O operation mitiedsignatin aform suitable formathemat-

requested (e.g., “read” or “write”), where the ical analysis, computer simulation or hard-

data is to be read or written, and the number:’va:.e sm;ulﬁtmn. IAhchan?eI_ TOdel IS atfxilg
of bytes involved in the data transfer. ection of channel charactenstics essential to

the performance of the communication sys-

In the IBM mainframe architecture there tem under study, organized in such a way that
are six different types of channel con- the basic performance trade-offs of the sys-
trol words: READ, READ BACKWARD, tem can be analyzed or simulated without
WRITE, CONTROL, SENSE, and JUMP.  having to construct prototypes or carry out

channel modeling  the act of describing

field tests.
channel control word See channel o o
command word channel optimized vector quantization
(COVQ) a combined source-channel

code for block-based source coding (vector
guantization) and block channel coding. A
channel optimized vector quantizer can be
designed using a modified version (taking

channel encoder  a device that converts
source-encoded digital information into an
analog RF signal for transmission. The type

of modulation used depends on the particu-cpanne| induced distortion into account) of
lar digital audio broadca;tmg (DAE,’) System, e generalized Lloyd algorithm). Also re-
although most modulation techniques em- ¢, -4 to as channel matched V&ee also

ploy methods by which the transmitted sig- noisy channel vector quantization
nal can be made more resistant to frequency-

selective signal fading and multipath distor- -hannel program  the set of channel con-

tion effects. trol words that make up the instruction se-
guence that controls an I/O chann8ke also

channel estimation  estimation of the ra- channel control word

dio channel parameters in the receiver. Typi-

cally delays, amplitudes, carrier phases, andchannel reliability function the rate

direction-of-arrivals need to be estimated de-function with infinitesimal error probability

pending on the receiver configuration. Chan-expressed by

nel estimation is a modern way to look at re-

ceiver synchronization based mainly on feed- %Coo O0<R= %Coo

back control loops, s_ince_ in principle any E(R) = : (@_ ﬁ)z %Coo <R<Cy

method known to estimation theory can be

applied to achieve synchronization of the re- for transmission of orthogonal or simplex

ceiver over an unknown radio channel. signal over infinite bandwidth AWGN chan-
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nel. C is the capacity of the infinite band- ing and mounting medium, as applicable.
width white Gaussian noise channel, defined

as 0. — Tehannel— Tcase
Coo = Fav bit/s . “ Py equilibrium
Nyln2
channel robust vector quantization channelizer  asystem thatdecomposes an

a vector quantizer that has been made ro-RF signal into narrow-band output channels;

bust against channel errorSee alsmoisy ~ termoften applied to acousto-optic spectrum
channel VQ analyzers that are driven by RF frequency

signals. See alsoacousto-optic spectrum

channel robust VQ  Seechannel robust ~ analyzer

vector quantization
chaos (1) erratic and unpredictable dy-

channel sounding  the act of recording hamic behavior of a deterministic system that
from a real, physical channel a selected set of1€Ver repeats itself. Necessary conditions for
characteristics describing the channel. This@Systemto exhibitsuchbehavior are thatitbe
involves transmitting a known signal to the nonlinear and have at least three independent
channel under study, and at the receiver pro-dynamic variables.

cessing the received signal to extract the re-  (2) in microelectronics, deterministic mo-
quired information, typically the impulse re- tion, in which the statistics are essentially
sponse or the transfer function of the channel.those of a Gaussian random process.

channel spill  leakage of RF energy from chaotic behavior ahighly nonlinear state
aradio channel into a radio channel =i,  inwhichthe observed behavioris very depen-
i > 1, due to finite channel filter attenuation dent on the precise conditions that initiated
outside of the bandwidth of. the behavior. The behavior can be repeated
(i.e., itis not random), but a seemly insignif-
channelstep Sedrequency synthesizer  icant change, such as voltage, current, noise,
temperature, rise times, etc., will result in
channel subsystem the I/O processing dramatically different results, leading to un-
component of acomputer system conforming Predictability. The behavior may be chaotic
to the channel architecture model. under all conditions, or it may be well be-
haved (linear to moderately nonlinear) un-
channel waveguide  a light guide that is  til some parametric threshold is exceeded, at
either raised above or diffused into a sub- Whichtime chaotic behavioris observed. Ina
strate. mildly chaotic system, noticeable deviations
resulting from small changes in the initial
channel-to-case thermal resistance the  conditions may not appear for several cycles
proportionality constant (denotég) atther-  Or for relatively long periods. In a highly
mal equilibrium between the temperature dif- chaotic system, the deviations are immedi-
ference of the FET channelganne) and a ately apparent.
specified case surfacgsgd to the dissipated
power in the channelf,), inunitsof°C/w.  character (1) letter, number or symbol
The specified surface is usually the most ef-as used on a computer keyboard.
fective in reducing the temperature. It in- (2) data type that represents an alphanu-
cludes the thermal resistance of the chip, diemeric character as a group of bits, usually as
attach material (solder or adhesive), packag-an eight-bit byte.

©2000 by CRC Press LLC



characterrecognition Seeoptical character useful in the analytic computation of higher

recognition order moments and convolutions of probabil-
ity densities.

character string (1) a series of continu-

ous bytes in memory, where each byte repre-characteristicimpedance inherent prop-

sents one character. erty of a transmission line that defines the
(2) data structure corresponding to or- impedance that would be seen by a signal
dered sequence of characters. if the transmission line were infinitely long.

If a signal source with a “source” or “refer-
characteristic equation  the polynomial  ence” impedance equal to the characteristic
equation that results when the characteristicimpedance is connected to the line there will
function is equated to zero. ltsroots gives the pe zero reflections.
singularities of the transfer function model,
which in turn determine its transient behav- characteristic loci  the plots of the eigen-
ior. Specifically, any root of the character- values of transfer function matrices, eval-
istic equation that has a negative real partuated over a range of frequencies. These
indicates a stable decaying transient, whiletraces, which are parametrized by frequency,
any root with a positive real partindicates an are shown on a single Nyquist plot and
unstable growing transient. Any root with used to predict the closed loop stability of
zero real part indicates a marginally stable multiinput-multioutput systems, by applica-
transient that neither decays nor grows. Thetion of the principle of the argument for com-
imaginary part of the root gives the frequency plex variable functions. Unlike the Nyquist
of oscillation of the transient signabee also  plots for single-input-single-output systems,

characteristic function an individual eigenvalue might not encircle
o _ the plane an integral number of times, yet the
characteristic function (1) the name  total encirclements of all the eigenvalues will

given to the denominator polynomial of a pe an integral number.
transfer function model. Through partial
fraction expansion of a transfer function and characteristic polynomial and equation of

subsequent inverse Laplace transformation,genera|ized 2-D model the determinant
it is obvious that the characteristics of the

system dynamics are defined by this func- p (21, 22)
tion. For example, the transfer function — det[Ez1zz — Ag — A1z1 — A2z]
) 9 ni nz '
§) = ———> i
8 6+ 55 + 52 =D @tz
has characteristic function i=0j=0
¢(s) =6+55+52=(s+2(s+3) (n1,n2 < rank E) is called the 2-D char-
acteristic polynomial of the generalized 2-D

so its output response will contain terms like
y(t) =ae ¥ +Be 3 + ...
that are characteristic of the system itself. Exitijn=

model

Aoxij + A1xit+1,j + A2Xi j+1

(Other terms in the response are attributed + Bouij + Biuit1,j + Baui j+1
to the forcing input signal.) See also o
characteristic equation i,j € Zy (the set of nonnegative integers)
(2) a transformed probability density Wherex;; € R" is the semistate vectar;; e
function, R™ is the input vector, andt, Ay, By (k =
; 0, 1, 2) are real matrices wit#t possibly sin-
Oy(w) =E [exp(jw x)] gular or rectangular.
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p(z1, z2) = Ois called the 2-D character-
istic equation of the model.

characteristic polynomial assignment of
2-D Roesser model  consider the 2-D

Roesser model
B1

Xih_‘_]"j _ A1 A2 xihj

x;fj+1 A3z Ay xil}.
i,j € Z4 (the set of nonnegative integers)
with the state-feedback

xh
uj =K\ 3§ |+
xl-j

wherex. € R"t, andx?; € R"2 are the hori-

zontal and vertical state vectors, respectively,

u;j € R™istheinputvector, andy, A, Az,
Aa, B1, B2 are real matrices of the model,

K =[K1, Ko € RM*(n1tn2)

andv;; € R™ isanewinputvector. Giventhe

R™ isthe input vector, andy, By (k =1, 2)
are real matrices.

p(z1, z2) = 0 is called the 2-D character-
istic equation of the model.

characteristic polynomial of 2-D Roesser

model the determinant
I,z1 — A1 —A>
71, z2) = det| """t
p (21, 22) [ “As Iyza— A
ny np )
=Y aijzhz) (amn2 = 1)

i=0 j=0

is called the 2-D characteristic polynomial of

the 2-D Roesser model
h h
Yianj | o [ ArAz 1| [ Ba
xi'ij-&-l A3z Ay xivj By | 7Y
i,j € Zy (the set of nonnegative integers)
wherex. € R", andx?; € R are the hori-

zontal and vertical state vectors, respectively,
u;j € R™istheinputvector, andy, Ay, As,

model and a desired 2-D characteristic poly- A4, B1, B2 are real matrices.

nomial of the closed-loop system(z1, z2),
find a gain feedback matrik such that

det[ —Ay — B1K> ]
ny np

Inyzp — Ag — B2K>2
=pe(z1,22) = ) Y dijziz) (dun, = 1)
i=0 j=0

In;z1 — A1 — B1K1
—A3— B2K3

characteristic polynomial of 2-D Fornasini—
Marchesini model  the determinant

p (21, 22) = det[l,z120 — A1z1 — Az,22]

ny nz

= Z Zaijzg_zé (@nn = 1)

i=0 j=0

is called the 2-D characteristic polynomial of
the 2-D Fornasini—Marchesini model

Xiglj+1 = A1Xiq1j + A2xi j+1
+ Biuit1,j + Bouj jy1

i, j € Z4 (the set of nonnegative integers)
wherex;; € R" isthe local state vecta;; €
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p(z1, z2) = 0 is called the 2-D character-
istic equation of the model.

characterization the process of cal-
ibrating test equipment, measuring, de-
embedding and evaluating a component or
circuit for DC RF and/or digital performance.

charge abasic physical quantity thatis a
source of electromagnetic fields.

charge carrier  aunit of electrical charge
that when moving, produces current flow. In
a semiconductor two types of charge carri-
ers exist: electrons and holes. Electrons
carry unit negative charge and have an ef-
fective mass that is determined by the shape
of the conduction band in energy-momentum
space. The effective mass of an electron in a
semiconductor is generally significantly less
than an electron in free space. Holes have
unit positive charge. Holes have an effective
mass that is determined by the shape of the
valence band in energy-momentum space.
The effective mass of a hole is generally sig-
nificantly larger than that for an electron. For



this reason, electrons generally move muchcharging current  that portion of an elec-
faster than holes when an electric field is ap-tric power line’s current which goes to charge
plied to the semiconductor. the capacitance of the line. The charging cur-
rent is not available for power transmission.
charge conservation  physical law (de-
rived from Maxwell’s equations) indicating chattering fast switching. The term
that no change in the total charge within a comes from the noise generated by the sus-
certain volume can exist without the proper tained rapid opening and closing of a switch-
flow of charge (current) through that volume. ing element.See alsaiscontinuous control

charge density  describes the distribution Chattuck coil a finely wound solenoid
of charge along a line, on a surface or in aabout a flexible, nonmagnetic core that is
volume. May be discrete or continuous. usually used in conjunction with a fluxmeter

to measure magnetic potential between two
charge-coupled device (CCD) a solid- points; a magnetic analog of a voltmeter.
state device used to record images. ACCD s
adigital device which counts the photons that CHDL Seecomputer hardware descrip-
strike it by making use of the photoelectric tion language
effect. Inatypical CCD array, alarge number
of such devices is collected into a 2-D grid. Chebyshev alignment a common filter
Each device corresponds to a single pixel,alignment characterized by ripples of equal
and the number of electrons in the device isamplitude within the pass-band and a steep
linearly related to the brightness or intensity rolloff in the vicinity of cutoff frequency.
value at that point in the CCD.

Chebyshev filter  one of a class of com-
charge-coupled device detector a monly used low pass, high pass, band pass
charge-coupled device (CCD) connected toand band stop filters with an equiripple
photodetectors, where the photocharge is putharacteristic, designed to achieve relatively
into the CCD potential wells for transportand rapid rolloff rates $ee alsoButterworth
processing. filter) near cutoff frequencies, at the expense

of a loss of monotonicity in either the pass-
charge-coupled-device memory large-  bands or the stopbands.
capacity shift registers making use of charge-
coupled devices (CCD), i.e., MOS devices checkerboarding  Seefragmentation
in which data bits are stored dynamically as
charge between a gate and the substrate. Thisheckpoint time in the history of exe-
forms a multigate MOS transistors with the cution at which a consistent version of the
source and drain terminals “stretched” apart, system'’s state is saved so that if a later event
and a number of gate terminals in between.causes potential difficulties, the system can
The first gate terminal (closest to the source)be restarted from the state that had been saved
inserts bits (charge) into the register, andat the checkpoint. Checkpoints are impor-
the following gates are controlled with over- tant for the reliability of a distributed sys-
lapping clocks allowing the charge to move tem, since timing problems or message loss
along the array. At the far (drain) end, the bit can create a need to “backup” to a previous
under the final gate terminal is detected as astate that has to be consistent in order for the

change in current. overall system to operate functionally.
charge-spring model See electron  checkpointing method used in rollback
oscillator model techniques in which some subset of the sys-
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tem states (data, program, etc.) is saved afilm of one material is deposited on the sur-

specific points (checkpoints), during the pro- face of another by using a radio frequency or
cess execution, to be used for recovery if aother electrical energy source to dissociate a
fault is detected. reactive gas.

checksum  checksum is a value used to chemically amplified resist a type of
determine if a block of data has changed. Thephotoresist, most commonly used for deep-
checksum is formed by adding all of the data UV lithography, which, upon post-exposure
values in the block together, and then find- bake, will multiply the number of chemical
ing the 2's complement of the sum. The reactions through the use of chemical catal-
checksum value is added to the end of theysis.

data block. When the data block is examined

(possibly after being received over a serial chemiluminescence  light emitted as a
line), the sum of the data values and check-result of a chemical reaction.

sum should be zero.

Chernobyl  typically refers to a fire at a
checksum character in data communi- nhuclear power plant near Kievinthe Republic
cation and storage devices, an extra characte®f the Ukraine.
is often added at the end of the data so that the
total number of ones in a block, including the chessboard distance  the distance be-
checksum character is even. The checksuniween discrete points arising from the
character is used to detect errors within theL> norm.  Given two discrete points
data block. x = (,...,x), ¥y = 1,5 V)

on an n-dimensional integer lattice, the
chemical beam epitaxy (CBE) amate- chessboard distanceetweenx and y is
rial growth technique that uses metal organicMmax{lx1 — yil. ..., [x» — yz}. So called
molecules in high vacuum growth cham- because it equals the number of moves made
ber and a controlled chemical reaction on aby a King when going from one position to
heated substrate to grow a variety of II-VI, another in the game of chesSeenorm
[1I-V, and group IV materials with atomic
layer control. Used to create material struc- Chi-squared distribution  a probability
tures for a variety of electronic and optical distribution withn degrees of freedom and
devices using quantum wells, heterostruc-Probability density function
tures, and superlattices. This growth tech- N
nique combined aspects of both MBE and Fx) = X2 "e—zux)
MOCVD growth. ‘ 2%1“(%)

11

chemical laser  alaser in which the am-

plification results from one or more chemi- chip (1) a small piece of semiconductor
cal reactions; potentially very powerful with material upon which miniaturized electronic
principal output lines in the mid-infrared. circuits can be built.

(2) an individual MMIC circuit or subsys-
chemical sensor the interface device for tem that is one of several identical chips that
an instrumentation system that determinesare produced after dicing up an MMIC wafer.
the concentration of a chemical substance. (3) in direct-sequence spread-spectrum

transmission, the high bandwidth symbols,
chemical vapor deposition (CVD) apro-  or pulses making up the signature sequence.
cess used in the manufacture of integratedThey are used to spread the bandwidth of the
circuits or optical fibers whereby a thin solid data in frequency. Usually the time duration
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of these pulses are many times smaller thanCholesky decomposition a matrix-alge-
that of the information symbols leading to braic theorem that states that, for any positive
significantly greater spreading of the signal definite square matri&, there exists a lower-
bandwidth. left triangular matrixG such thah =G G .

chip carrier a low-profile rectangular chopper Seebuck converterand DC
component package, usually square, whose.p, 0

semiconductor chip cavity or mounting area
is a large fraction of the package size and

whose external connections are usually on allchopper - depth of modulation  amarker
four sides of the package. normally associated with the monitoring of

the depth of modulation of a television broad-
chip chart this term is often used for cast signal on a waveform monitor. The

the “gray scale” chart used in the process Ofchopper rgferenc_e is used to set the 0% mod-
aligning television camera systems. The grayulation pointrelative to the video signal. The
scale provides logarithmic reflectance rela- Sync signal is typically at the 100% modula-
tionships. tion level.

chip select  acontrol signal inputto, €.9., chroma the portion of the video sig-

a memory chip, used to make this particular ng| defining the color information in the im-
chip “active” in reading or writing the data age. The chromasignalis defined by changes
bus. Read or write is determined by anotherin the 3.579545 Mhz interlaced sinewave.
control input signal: the “R/W-signal.” Typ-  phase changes create changes in color, peak-
ically, some of the high order bits from the tg_peak changes in the sinewave alter the sat-
CPU’s address bus are decoded to form theyration of the color while changes in the DC
chip select signals. level of the chroma signal alter the luminance

(brightness).
chip-to-chip optical interconnect  opti-

cal interconnect in which the source and the

detector are connected to electronic element§hr0mat'c ab_errat|0n (1) beam spread-
in two separate chips. ing due to different momentum of the par-

ticles that are being bent by the quadrupole

chirp  the varying in time of a carrier fre- fields at different angles.

quency signalSee alsehirp function (2) the failure of a lens to simultaneously
focus all colors of light. It arises since the

chirp function  asignal whose frequency refractive index of a material depends on the

varies monotonically with time, e.g., a lin- wavelength of light.

ear chirp possesses a linear-frequency or a

quadratic-phase variation. chromaticity (1) the ratio of tune spread

to momentum spread of the beam. Chro-
maticity affects the focusing and bending
_— - . _ properties of magnets by making them sen-
chirping a shifting of the optical fre sitive to particle momentum. This results in

guency often observed in modulated semi- : ) . .
S focusing and bending dispersion of the beam
conductor lasers where the laser gain is mod-.

ulated at high bandwidth; arises due to thein a manner analogous to an optical system.
later portions of the modulating signal seeing  (2) specification of color stimuli. The
a different refractive index, or carrier density, chromaticity coordinates are relative RGB
than the earlier portions. values correlated with hue and saturation.

chirp signal  Seechirp function
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chrominance (1) the color information  circuit a physical device consisting of
in the video signal that is defined in terms of an interconnection of elements, or a topolog-

hue and saturation. ical model of such a device. For example,
(2) the component of color which is in- an electric circuit may be constructed by in-
dependent of, and complementaryltoni- terconnecting a resistor and a capacitor to a

nance chrominancds 2-D: for example, it voltage source. A representation of this cir-
can be decomposed intmeandsaturation cuit is shown by the diagram in the figure.
Seehue intensity, luminance saturation

chronaxie the minimum duration of a R

unidirectional square-wave current needed to
excite a nerve when the current magnitude is vy

twice rheobase. +Q

CIE See Commision International ‘
d’Eda'rage Circuit example.

CIE diagram  the projection of the plane

(X + Y+ Z) = 1onto theXY plane, where

X, Y, Z are the respective tristimulus values circuit (STM) switching technology that
as defined by the CIEQeetristimulus value  provides a direct connection between two
and Commision International d’Eclairaj)e  endpoints; data is transferred directly be-
The CIE diagram shows all of the visible tweenthe endpoints of a circuit without being
chromaticity values and maps all colors with stored in any intermediate nodes.

the same chromaticity but different value (lu-

minances) onto the same points. o o _
circuit breaker a circuit breaker is a de-

vice that makes and breaks the electrical con
tact between its input and output terminals.
The circuitbreaker is capable of clearing fault
currents (tripping) as well as load currents.
The circuit breaker consists of power con-
tacts with arc clearing capability and associ-
circle detection  the location of circles in  ated control and auxiliary circuits for closing
animage by acomputer. Often accomplishedand tripping the breaker under the required
with the Hough transform. conditions.

CIM Seecomputer-integrated manufac-
turing.

CIR Seecarrier-to-interference ratio

circle diagram 1) graphical representa- . . . .
9 (1) grap b circuit protection devices or control

tion of the operation of an induction machine. . L
measures used to safeguard electrical circuits

Itis based on the approximate equivalent cir—f ; i . h
cuit and expresses stator and rotor current re- rom unsate operating regions, such as over-

lations for all operating modes (motor, brak- currents and overvoltages.

ing, generator) and all values of slip. Several

variations of the diagram exist. circuit switching  a method of commu-
(2) graphical representation of the power nication in which a physical circuit is estab-

flow through a transmission line. The maxi- lished between two terminating equipments

mum power flow through the line can be de- before communication begins to take place.

termined by the impedance of the line. This is analogous to an ordinary phone call.
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circuit-set  aclosed pathwhere all vertices register buffer. There is overlap between the
are of degree 2, thus having no endpoints ingroups of adjoining registers that are accessi-
the path. ble when switching occurs. The overlapping

registers can be used for passing arguments
circuit-switched service a telecommu-  during subroutine calls and returns. The cir-
nications service, where the communicationscular register buffer is a feature of the SPARC
resource is retained for the whole period of CPU architecture. In the SPARC CPU there
communication. For example wired tele- are 256 registers, available 32 at a time, with
phone services or mobile telephone servicesan overlap of eight registers above and eight
in the first- and second-generation systemsregisters below the current group.
can be classified to circuit-switched services.

circular self-test path  a BIST technique
circulant matrix a squareN x N pased on pseudorandom testing assured by
matrix M = {m;;} such thatm;; =  arranging flip-flops of a circuit (during test)
M+ mymodv, (j+mmody: that is, that each in a circular register in which each flip-flop
row of M equals the previous row rotated output is ex-ored with some circuit signal
one element to the right. All circulant matri- and feeds the input of the subsequent flip-
ces are diagonalized by the discrete Fourierflop. This register simultaneously provides
transform. test pattern generation and test result com-

paction.
circular cavity a section of the circular

waveguide closed at both ends by CO”dUCtingcircularity measure
plates.

the size invariant ra-

tio of area divided by perimeter squared for
small shapes and much used as a preliminary
discriminant or measure of shape, so-called
because it is a maximum for circular objects.

circularconvolution  Seeeriodic convolu-
tion.

circular mil the area of a circle which
measures 0.001 inch in diameter.

Used to specify the cross-sectional area of
a wire.

circularly polarized light light com-
posed of two orthogonal polarizations that
are 90 degrees out of phase; the resultant light
amplitude vector thus rotates about the direc-

i g N tion of propagation at the optical frequency.
circular polarization a polarization state propag p q y

of a radiated electromagnetic field in which
the tip of the electric field vector traces a
circle as a function of time for a fixed po-
sition. The sense of rotation of the electric
field vector is either right-hand or left-hand
(clockwise or counter-clockwise).

circulator a multiport nonreciprocal de-
vice that has the property that an electromag-
netic wave incidentin port 1 is coupled to port
2 only, an electromagnetic wave incident in
port 2 is coupled into port 3 only and so on.

circular register buffer  a set of general CIRF  Seecochannel interference reduc-

purpose CPU registers organized to providetion factor

alarge number of registers, which may be ac-

cessed afew atatime. The group of registersCISC processor ~ Seecomplex instruction
accessible at any particular time may be read-set computer

ily changed by incrementing or decrementing

a pointer, with wraparound occurring from Citizen’s band (cb) 40 channels where
the highest numbered registers to the lowestthe carrier frequency is between 26.965 MHz
numbered registers, hence the name circulaand 27.405 MHz established by the FCC for
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short-distance personal or business commudtion and conduction cutoff. In a class A am-
nication. plifier, as the amplitude of an applied sinu-

soidal signal is increased, the output will start
city-block distance  a distance measure to clip at both ends simultaneously. This is

between two real valued vectdrs;, x2, ..., equivalent to a conduction angle of 360 de-
xp) and(y1, y2, ..., yn) defined as grees as long as the output signal is not clip-
n ping, which is avoided. This term is often
Dty block = Z Ixi — yil used to include any amplifier operating with

signallevels low enough such that signal clip-
ping is not present (i.e., small signal condi-
tions).

i=1
City-block distance is a special case of
Minkowski distance when = 1. See also
Minkowski distance Also called Manhat-

. class A-B amplifier ~ most current source
tan distance.

amplifiers fall into this category, which in-
cludes all amplifiers biased somewhere be-
tween class A and class B. As the amplitude
of a sinusoidal signal is increased, the output
will start to cut off first. Further increases
will cause clipping due to saturation. Thus
the conduction angle is between 180 and 360
degrees, dependent on applied signal ampli-
tude. Device saturation is usually avoided.

cladding the optical material that concen-
trically surrounds the fiber core and provides
optical insulation and protection for the core.
The refractive index of the cladding must be
lower than that of the core material so that
optical power is guided through the fiber by
total internal reflection at the core-cladding
boundary. See alsdotal internal reflection

Snell's Law
class B amplifier ~ an amplifier in which

the active device acts as a modulated cur-
rent source biased at conduction cutoff. In
a class B amplifier, an applied sinusoidal sig-

Clapp oscillator  an oscillator whose fre- nal will result in only half of the sinusoid

quency is determined by a tuned parallel LC being amplified, while the remaining half is
circuitwith a split capacitance, i.e., two series Cut off. Further increases in the signal am-
capacitances, in the capacitive branch and arPlitude will eventually cause the remaining
additional series tuning capacitance in the in- half of the signal to saturate and clip, which

ductive branch. The Clapp oscillatoris avari- i usually avoided. This is equivalent to a
ation of the Colpitts oscillator. conduction angle of 180 degrees, regardless

of signal amplitude.

class (1) in general, patterns are com-

monly discriminated into different categories class B-D amplifier  switched mode am-

according to certain properties they share.plifier where the device is biased at cutoff,

The categories in which a given set of patternsand the input signal is large enough to drive

are partitioned are referred to as classes.  the amplifier into heavy saturation such that
(2) in object orientation, is an entity that only a small percentage of time is spent in

defines a set of objects which share the samdransition. The amplifier is literally switched

clamping  the process of fixing either the
minima or maxima of a voltage.

attributes and processes. between cutoff and saturation, and thus the
saturation angle is a significant percentage
class fuse SeeUL classes of the conduction angle, which is 180 de-

grees. The unfiltered, broadband output cur-
class A amplifier ~ an amplifier in which  rent waveform of a class B-D amplifier re-
the active device acts as a modulated cur-sembles a stepped squarewave. It is impor-
rent source biased midway between saturatant to note that only frequency related infor-
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mation (FM) is preserved in a class B-D am- of the conduction angle, which is 180 de-
plifier, while all amplitude information (AM)  grees. The unfiltered, broadband output cur-
is lost. Usually, class B-D power amplifiers rent waveform of a class D amplifier resem-
are designed in a push-pull configuration to bles a stepped squarewave. It is important
take advantage of both halves of a cycle.  to note that only frequency related informa-
tion (FM) is preserved in a class D ampli-
class B-E amplifier transient switched fier, while all amplitude information (AM) is
mode amplifier where the device is biased lost. Usually, class D power amplifiers are
at cutoff, the input signal is large enough designed in a push-pull configuration to take
to drive the amplifier into heavy saturation advantage of both halves of a cycle.
such that only a small percentage of time is
spent in transition, and the design is suchclass E amplifier a transient switched
that during saturation the waveform is de- mode amplifier where the device is biased
termined by the switch circuit transient re- somewhere between class A and class B cut-
sponse, while the waveform during cutoff is off, the input signal is large enough to drive
determined by the transient response to thethe amplifier into heavy saturation such that
entire circuit, including the load. The ampli- only a small percentage of time is spent in
fier is literally switched between cutoff and transition, and the design is such that dur-
saturation, the transient responses are weling saturation the waveform is determined by
controlled, and thus the saturation angles ap-the switch circuit transient response, while
proach the conduction angle, which is 180 the waveform during cutoff is determined by
degrees. The final tuned output current wavethe transient response to the entire circuit,
form of a class B-E amplifier resembles an including the load. The amplifier is literally
ideal squarewave. It is important to note that switched between cutoff and saturation, the
only frequency related information (FM) is transient responses are well controlled, and
preserved in a class B-E amplifier, while all thus the saturation angles approach the con-
amplitude information (AM) is lost. duction angle, which is 180 degrees. The fi-
nal tuned output current waveform of a class
class C amplifier  acurrent source ampli- E amplifier resembles an ideal squarewave.
fier biased beyond the conduction cutoff sucht is important to note that only frequency re-
that operation will not begin until the input lated information (FM) is preserved in a class
signal reaches a specific amplitude, and re-E amplifier, while all amplitude information
sults in less than half of an input sinusoid (AM) is lost.
being amplified. If the signal amplitude is
increased sufficiently, saturation and the as-class E-F amplifier ~ a harmonic tuned or
sociated clipping will occur. Thus the con- harmonic reaction amplifier (HRA) in which
duction angle is between 0 and 180 degreesgdevices, biased for class B operation, are
regardless of amplitude. Device saturation isarranged in a push/pull configuration, and
usually avoided. are utilized to inject each other with large
harmonic currents in order to modulate the
class D amplifier ~ switched mode ampli- amplitude of the fundamental output current
fier where the device is biased somewherethrough the device, resulting in improved
between class A and class B cutoff, and theswitching efficiency. The even order har-
input signal is large enough to drive the am- monics must be shorted at the output, while
plifier from cut-off to heavy saturation such the odd order harmonics must be provided an
that only a small percentage oftime is spentinopen at the output.
transition. The amplifier is literally switched
between cutoff and saturation, and thus theclass F amplifier  ahigh-efficiency opera-
saturation angle is a significant percentagetion in amplifiers. The class F amplifier has a
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load impedance optimized not only for a fun- sifier with differentiating capability between

damental wave but also for harmonic wavesthe types of features. Anumber of codebooks

to improve efficiency. An efficiency of the are developed each to encode blocks of pix-

class F amplifier is 100% under an ideal con- els containing specific types of featur&ee

dition, where the optimum load impedance alsovector quantization

for even harmonic waves is short and that for

odd harmonic waves is open. classifier (1) given a set of patterns of
different classes, a classifier is a system ca-

class G amplifier  a frequency multiply- pable of determining the membership of each

ing or harmonic amplifier biased somewhere pattern.

between class A and class C, in which the (2) a method of assigning an object to one

input is tuned to the fundamental input fre- of a number of predetermined classes.

guency and the outputis tuned to a frequency

multiple of the input. clean cache block a cache block (or
“line”) is clean if it is a copy of the informa-

class H amplifier ~ frequency mixing am- tion stored in memory. A clean block can be

plifier biased somewhere between class Aoverwritten with another block without any

and class C, in which the inputs are tuned toneed to save its state in memory.

the input frequencies and the output is tuned

to either the sum or difference frequency.  clear (1) to set the value of a storage
location to zero (often used in the context of

class Samplifier sampling or pulse width  flip-flops or latches).

modulation amplifier in which a sampling (2) clearing a bit (register) means writing

circuit (or pulse width modulator), pulse am- a zero in a bit (register) location. Opposite to

plifier and a low pass filter are cascaded.“set.”

The input signal is sampled at a significantly

higher rate than the input frequency (this re- clearing time the total time required to

quires a high frequency sampling signal), melt and clear, and thus totally open, a fuse-

and the original signal is transformed into type overcurrent device.

a constant amplitude pulse chain in which

the pulse widths are proportional to the orig- cleaved coupled cavity =~ semiconductor

inal signal’s amplitude. The resulting pulse laser configuration in which the amplifying

chain is amplified using any of the highly effi- region has been cleaved to introduce a mid-

cient switching methods desired. The output cavity reflecting boundary; added reflector is

is then demodulated using a low pass filter, intended to improve mode-selectivity char-

replicating the original signal. It is impor- acteristics.

tant to note that rapid variations in the input

signal amplitude relative to the sampling sig- click noise  in a fading channel, the noise

nal will cause significant distortion or loss of associated with a threshold crossing. In a

information. fading radio channel situation, the moving
user crosses the standing wave patterns in
classified VQ See classified vector the propagation environment. As the user
guantization crosses the minima, the service quality tem-
porarily downgrades and, in analogue sys-
classified vector quantization (CVQ) tems, is noticeable as clicking.

a vector quantization technique where dif-

ferent codebooks are developed based imagelimbers  two metal spikes, each of which

edge features. The codebook used to encodés strapped to the inside of a line worker’s
a particular block is determined by a clas- legs, pointing down near the ankle. Plunged
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into the sides of a wooden utility pole, they identifiesthe page to bereplaced. The pointer

provide purchase for the worker to scale the advances to the next page entry for the next

pole. occasion that the algorithm is required. The
word “clock” comes from viewing the pointer

clipping nonlinear distortion that occurs as an arm of a clock. Also known as a first-

when the input to an amplifier exceeds the in-not-used-first-out replacement algorithm.

amplifier's linear range. The amplifier out-

put saturates at its limit, giving a “clipped” clockskew the phenomenonwhere differ-

appearance to the output waveform. ent parts of the circuit receive the same state
of clock signal at different times because it

clock (1) the oscillator circuit that gener- travels in wires with different lengths. This

ates a periodic synchronization signal. skew of the signals causes a processing ele-

(2) a circuit that produces a series of elec- ment to generate an erroneous output. Distri-

trical pulses at regular intervals that can be bution of the clock by means of optical fibers,

used for timing or synchronization purposes. waveguides, alens, or ahologram, eliminates
clock skew.

clock cycle  one complete event of a syn-

chronous system’s timer, including both the clock speed  the rate at which the tim-

high and low periods. ing circuitin a synchronous system generates
timing events.

clock doubling  atechnique in which the

processor operates internally at double theclosed convex set a set of vectorg such

external clock frequency. that ofx,y € C thenix 4+ (1 — 1)y € C for
alo< A < 1.

clock duty cycle  the percentage of time

that the electronic signal remains in the true closed kinematic chain  in vision engi-

or 1 state. neering, a sequence of links which forms a
loop.

clock pulse  a digital signal that, via its

rising edge or falling edge, triggers a digi- closed-loop control controlaction achieved

tal circuit. Flip-flops and counters typically by a closed feedback loop, i.e., by measuring

require clock pulses to change state. the degree to which actual system response
conforms to desired system response and ap-

clock recovery  in synchronous systems, plying the difference to the system input to

the act of extracting the system clock signal drive the system into conformance.

from the received sequence of information

symbols.See als@ymbol synchronizatian  closed-loop DC motor acceleration the
use of sensors to provide feedback to the mo-

clock replacement algorithm  apage re- tor control circuit indicating the motor is ac-

placement algorithm described as follows: A tually accelerating before the starting resis-

circular list of page entries corresponding to tors are removed from the armature circuit.

the pages in the memory is formed. Each en-Two popular methods to sense motor accel-

try has a use bit which is sed 1 1 when the eration are CEMF coils, and current sensing

corresponding page has been referenced. Aoils.

pointer identifies a page entry. If the use bit

of the page entry is setto a 1, the use bit is re-closed-loop gain  the gain of an opera-

setto a 0 and the pointer advances to the nextional amplifier circuit with negative feed-

entry. The process is repeated until an entryback applied (with the negative feedback

is found with its use bit already reset, which loop “closed”).
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closed-loop optimal control operation  onlyincrease an objecEedlilation, erosion
or structure of the controller with the deci- morphological filtey structuring element
sion mechanism which, under uncertainty,

uses in the best possible way — with respectclosing/opening filter  one of an impor-
to a givena priori criterion — all informa-  tant class of morphological filters. Let
tion available to the controller; in particular, and¢ be opening and closing operators re-
the closed-loop optimal control takes into ac- spectively. The following operators can be
count all future time instants at which new gbtained by composing andy (i.e., by ap-
decisions will be made; the best known ex- plying them in succession)y ¢, oy, yoy,

ample of a closed-loop optimal controlruleis and¢y¢. These are all morphological fil-

the solution of the linear-quadratic-Gaussianters, and collectively they are called clos-

problem (LQG problem). ing/opening filters or opening/closing filters.
No further operators can be obtained by com-

) posingy andg. Seeclosing morphological
closed-loop system  any system having fijter, opening

two separate paths inside it. The first path

conducts the signal flow from the input of that clothes pin  slang for awood or plastic clip

systemtothe outputof that same system. The .o 1o secure a blanket to conductors.
second path conducts the signal flow from the

output to the input of the system, thus estab-
lishing a feedback loop for the system. See
the figure below for a general description of a

closed-loop system. The forward and back-¢!USter @ group of data points on a space
or a group of communicating computer ma-

chines. A cluster of computers on a local
network can be installed to provide their ser-

CLT Seecentral limit theorem

—— vice as a unique computer. This is frequently

SIGNAL PATH \‘H used for building large data storage and Web

0T — OUTPUT servers. In computer disks, a cluster consists
STAGE STAGE .

0 To of a fixed number of sectors. Each sector
SYSTEM | [SYETEM .

. contains several bytes, for example 512.
BACEWARD
\—‘SIGNAL AT cluster analysis  in pattern recognition,

the unsupervised analysis of samples to clus-
ter them into classes based on (a) a distance
metric and (b) a clustering algorithm. Typ-
ical algorithms minimize a cluster criterion
e(e.g., representation error) by grouping sam-
ples hierarchically or by iteratively reassign-
ing samples to clusters. The K-means algo-
rithmis an example ofthe latter. Inthe case of
closing  a basic morphological operation. 2-D measurements, cluster analysis becomes

Given a structuring elemer®, the closing & Method of image segmentation.

by B is the composition of thdilation by B

followed by the erosion bys; it transforms ~ clustering (1) any algorithm that creates
X into X e B = (X ® B) © B. The closing the major clusters from a given set of patterns.
by B is what one calls an algebraic closing;  (2) amethod of unsupervised learning that
this means that:(a) it is a morphological aims to discover useful structure in unlabeled
filter; (b) itis extensive, in other words it can data by grouping similar patterns.

A closed-loop system.

ward signal path construct the closed loop,
which conduct the signal flow from the input
stage to the output stage and then back to th
input stage of that system.
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Seehierarchical clustering See also potential onto the second barrier, which re-
distance measuysimilarity measure sults in the immediate inducing of a particle
tunneling through this latter barrier.
clutter the name given to background
signals which are currently irrelevantto ade- carticulation  the transient process cor-

tection system; clutter is a form of structured responding to the utterance of two phonemes.
noise. It is due to the movement of the articulatory
organs between the different positions corre-

CMA Seeconstant modulus algorithm sponding to the two phonemes.

CMAC network Seecerebellar model

articulation network coax  Seecoaxial cable

CMMR Seecommon mode rejection coaxial cable A transmission line formed

ratio. by two concentric conductors separated by a
dielectric designed to confine the fields and

CMOS  Seecomplementary metal oxide their energy in the medium between said con-

semiconductar ductors. Itis often used in applications where

signal interference between the cable and its
co abbreviation for central switching surrounds must be kept to a minimum. Also
office. called coax.

CO Seecarbon dioxide : .
2 coaxial magnetron a radial magnetron

where the anode and cathode are gradually

COo laser  Seecarbon dioxide laser . o
transformed into a coaxial line.

co-lineararray  aphased array of straight _ _
elements in which the axes of the elements liecochannel interference (CCI)  interfer- -
along a common line. The elements are typ-€nce caused by radio transmitters operating

ically center fed half-wave dipoles or folded on the same radio frequency as that of a par-
dipoles. ticular wanted radio frequency signal.

co-occurrence matrix  an array of num-  cochannel interference reduction factor
bers that relates the measured statistical de(CIRF) a key factor used to design a cel-

pendency of pixel pairs. Co-occurrence ma- |ylar system to avoid the cochannel interfer-
trices are used inimage processing toidentify ence.
the textural features of an image.

cochannel reuse ratio (CRR)  the reuse
ratio between radio communication cells us-
ing the same radio channels.

co-prime polynomials  polynomials that
have no common factors. For example, poly-
nomials(s2+9s+20) and(s2+7s+6) are co-
prime, while(s? +5s +6) and(s? + 9s + 14) _ _
are not, since they have a common+ 2) cochanne:ls radio channels.occupylng the
factor. same radio frequency allocatian

co-tunneling a cooperative process, cochlea a snail-shaped passage commu-
whereby electrons can tunnel through two se-nicating with the middle ear via the round and
ries connected tunneling barriers. In this pro- oval window. Its operation consists of trans-
cess, the tunneling of an electron through oneducing the acoustical vibration to nerve im-
of the barriers causes a self-consistent shift ofpulses, subsequently processed in the brain.
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Cockroft-Walton circuit a cascading bol to the code rate, where the amount of in-

voltage multiplier invented in 1932 by John formation is determined in accordance with

Cockroft and Ernest Walton. Shannon'’s definition of entropy. Itis a funda-
mental measure of performance of a coding

code (1) atechnique for representing in- algorithm.

formation in a form suitable for storage or

transmission. code excited linear prediction (CELP) a
(2) amapping from a set of messages intoclass of linear predictive speech coding meth-
binary strings. ods where the excitation is composed of sam-

ple vectors from VQ codebooks.
code acquisition the process of ini-
tial code synchronization (delay estimation) code hopping  the use of a new spread-
between the transmitter and receiver in aing code for each transmitted bit in a spread-
spread-spectrum system before the actuabpectrum systemCompare withfrequency
data transmission starts. It usually requireshopping
the transmission of a known sequen&ee
alsocode tracking code letter ~ SeeNEMA code letter

code cache a cache that only holds in- coderate inforward error control andline
structions of a program (not data). Code codes, the ratio of the source word length to
caches generally do not need a write policy, the code word length, which is the average
but see self-modifying code. Also called an number of coded symbols used to represent
instruction cacheSee alsa@ache each source symbol.

code combining an error control code code segment area in a process’ virtual

technigue in which several independently re- address space used to contain the program'’s

ceived estimates of the same codeword arenstructions.

combined with the codeword to form a new

codeword of a lower rate code, thus providing code tracking the process of continu-

more powerful error correcting capabilities. ously keeping the code sequences in the re-

Thisis used in some retransmission protocolsceiver and transmitter in a spread-spectrum

to increase throughput efficiency. system synchronized during data transmis-
sion. See alsa@ode acquisition

code converter a device for changing

codes from one form to another. codeV awidely employed computer code
for design of optical systems by Optical Re-
code division multiple access (CDMA) search Associates.

a technique for providing multiple access to

common channel resources in a communica-codebook  a set of codevectors (or code-

tion system. CDMA is based on spread spec-words) that represent the centroids of a given

trum techniques where all users share all thepattern probability distribution. See also

channel resources. Multiple users are distin-vector quantization

guished by assigning unique spreading codes

to each user. Traditionally, individual detec- codebook design  a fundamental prob-

tion is accomplished at the receiver through lem in vector quantization (VQ). The main

correlation or matched filtering. question addressed by codebook design is
how the codebook should be structured to

code efficiency the unitlessratio oftheav- allow for efficient searching and good per-

erage amount of information per source sym-formance. Several methods (tree-structured,
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product codes, M/RVQ, I/RVQ, G/SVQ, coding gain (1) the reduction in signal-
CVQ, FSVQ) for codebook design are em- to-noise ratio required for a specified error
ployed to reduce computational costs low. performance in a block or convolutional for-
See alsorector quantizationtree structured ward error control system as compared to an
VQ. uncoded system with the same information

rate, channel impairments, and modulation
codebook generation a fundamental @and demodulation techniques. In a trellis
problem in vector quantization. Codebooks coded modulation system, it is the ratio of
are typically generated by using a training setthe squared free distance in the coded system
of images that are representative of the im-to that of the uncoded system.
ages to be encoded. The best training image (2) the difference between the SNR/bit
to encode a single image is the image itself.(dB) required for an uncoded and a coded
This is called a local codebook. The main system to attain the same arbitrary error prob-
question addressed here is what codevectorgbility. Depends on the code parameters and
should be included in the codebodkee also  also on the SNR per bit.
vector quantization

coding of graphics  use of a representa-
codebook training  the act of designing a fion scheme for graphics. Graphics coding
codebook for a source coding system. TheiS typically a two-level coding scheme. Both
LBG algorithm is often used to design the €xact and approximate methods are applica-
codebook for vector quantizers. ble to this type of coding. Run-length coding,

predictive coding, line-to-line predictive dif-

d ferential coding, and block coding are typical
for graphic coding.

codec word formed from encoder an
decoder. A device that performs encoding

and decoding of communications protocols. ) i )
coding of line drawings use of a rep-

resentation scheme for line drawings. Line

coded modulation  an integrated modu- . . . .
. . X drawings are typically coded using chain
lation and coding approach for bandwidth- o
. codes where the vector joining two succes-
constrained channel where the redundancy

. ; sive pixels are assigned a codeword. Higher
!ntroduged by the code is c'ompensated byefficiency is obtained by differential chain
increasing the number of signals, for per-

formance improvement without additional coding in which each pixel is represented by
. P o the difference between two successive abso-
bandwidth or transmission power.

lute codes.

codeword the channel symbol assigned coding redundancy ~ Seeredundancy
by an encoder to a source symbol. Typically

the codeword is a quantized scalar or vector.geafficient of thermal expansion (CTE)
mismatch  the difference between the co-
coding  the process of programming, gen- efficients of thermal expansion of two com-
erating code in a specific language. The pro-ponents, i.e., the difference in linear thermal
cess of translating data from a representationexpansion per unit change in temperature.
form into a different one by using a set of (This term is not to be confused with ther-
rules or tables.See alscASCIl, EBCDIC, mal expansion mismatch)_
binary.
coefficient of utilization (CU) the ra-
coding at primary rates for videoconfer- tio of the lumens reaching the working plane
encing Seamage coding forvideoconfer- to the total lumens generated by the lamp.
encing This factor takes into account the efficiency
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and distribution of the luminaire, its mount- eration designs are generally adopted to in-
ing height, the room proportions, and the re- crease the overall efficiency of a power gen-
flectances of the walls, ceiling, and floor. eration process.

(2) typically, the production of heat en-
coefficient sensitivity  let a transfer func- ergy, e.g. to heat buildings, as an adjunct to
tion be a ratio of polynomials the production of electric power.

m
F(s) = N(s) _doFast... +ans cognitive map  the cognitive map, intro-
D(s)  dotdis+...+dps" duced by R. Axelrod to study decision mak-
in which the coefficients; andd; are real ing processes, consists of points, or nodes,
and can be functions of an arbitrary circuit and directed links between the nodes. The
elementr. For such an elementone may nodes correspond to concepBee alsduzzy
define the relative coefficient sensitivities as cognitive map
follows:

coherence (1) measure of the extent to
which knowledge of a field at one point in
space permits prediction of the field at an-
The relationship between the function sensi- other point.

tivity and coefficient sensitivities can be es-  (2) in an optical fiber.

tablished as well. (3) the coherence between two wide-sense
stationary random processes is equal to the
: e cross power spectrum divided by the square
which the polarization is zero when a ferro- root of the product of the two auto-power

electric material is cycled through the hys- spectra. The magnitude of the coherence so
teresis loop. A material has a negative and ayafined is thus between 0 and 1.

positive coercive field and these are usually,
but not always, equal in magnitude to each
other.

Sai_aaix Sd,-_adix

T 9x a x_ﬁd_i

coercive field the electric field value at

coherence bandwidth the bandwidth
over which the effect of communication
channel can be assumed constant. Signals of

coerclive force the demagnetizing field bandwidth less than this can be transmitted
applied to a permanent magnet that reduces

its magnetic induction to zero; the x-intercept without significant distortion.
of the normal demagnetization curve. A

commonly listed material property that in-

dicates magnet performance in static condi-
tions.

coherence distance See coherence
length

coherence length  distance over which
coercivity ~ Seecoercive force See also the amplitude and phase of a wave can be
intrinsic coercive force predicted.

COGEN  Seecogeneration coherence time the time over which the
effect of communication channel can be as-

cogeneration (1) any of a number of sumed constant. Signals of duration less than

energy generation systems in which two (or this can be transmitted without significant

more) forms of energy are produced in forms distortion.

practical for use or purchase by an end user.

Typical systems produce electrical energy for coherency  a property of a control area

sale to a utility and process steam for local that has stiff interconnections between gen-

space heating or other process uses. Cogererators. Such an area thus may be described
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with the use of only a single frequency state because it uses a dissipative process to create,
variable. rather than destroy, a quantum coherence.

coherent integration where magnitude .o 4 conductor shaped to form a closed
and phase_ of received signals are preserve%eometriC path. Note that the coil will
In summation. not be a closed conducting path unless the
, two ends of the coil are shorted together.
coherent acousto-optical processor Coils may have multiple turns, and may have
acousto-optical (AO) signal processor where 5 iqys constructions including spool, pre-

the light is amplitude-modulated by the f5meqd, and mush-wound. The coil may be
acoustic wave in the AO device as opposed,yrapned around an iron core or an insulating
to intensity or power modulated. form, or it may be self-supporting. A coil

) ) ) offers considerable opposition to AC current
coherent detection  detection technique ¢ very little to DC current.

in which the signal beam is mixed with a

locally generated laser beam at the receiver. | )

This results in improved receiver sensitivity COil Pitch  Seecoil span

and in improved receiver discrimination be-

tween closely spaced carriers. coil side  that portion of a motor or gen-
erator winding that cuts (or is cut by) lines

coherent illumination  a type of illumi-  of magnetic flux and, thus, contributes to the

nation resulting from a point source of light production of torque and Faraday EMF in the

thatilluminates the mask with light fromonly winding.

one direction. This is more correctly called

“spatially coherent illumination.” coil span the distance, measured either

in number of coil slots or in spatial (me-
chanical) degrees, between opposite sides of
a winding of an electric machine. A full-

. o . span (full-pitch) winding is one in which the
coherent optical communication  opti-  yinding span equals the span between adja-
cal communication approaches where infor- cont magnetic poles. Windings with span less
mation is conveyed in the phase of the optical 4, the distance between adjacent magnetic
signal, therefore requiring that the phase of a5 are called short-pitch, fractional-pitch,

the optical sources be well controllecsee - chorded windings. Also called coil pitch.
alsooptical communications

coherent light light having a relatively
long coherence length; laser light.

cold plasma  a simplified model of the

nique for creating a quantum mechanical co- plasma state where the effects that depend on
herence in a lambda system by a dissipative€/€Ctron temperature are neglected. The par-
process. Ideally, the intermediate excited t|cle_s are asspmed to have no kinetic thermal
state in the lambda system decays rapidlymm'on of the|r.ov_vn. The partlclg_s are at rest
compared to the other two states. The coher£XCePt for their induced velocities through
ence arises because a particular linear com{N€ action of the self consistent electromag-
bination of ground states is not coupled to Netic fields.

the excited state. Atoms accumulate into this

uncoupled superposition state by a proces<old reserve the state of an idle thermal
analogous to optical pumping, thereby creat-generating plant whose boilers and turbine
ing a quantum mechanical coherence. Thisare cold and must be brought up to operating
system often has counterintuitive properties, temperature before power can be generated.

coherent population trapping a tech-
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coldstart (1) a complete reloading of the collinear geometry AOTF  Seecollinear
system with no reassumption. All executed geometry acousto-optical tunable filter
processes are lost.

(2) the starting of a computer system from collision  (1)inapipeline, asituationwhen
a power-off condition. two or more tasks attempt to use the same

(3) the state from which a thermal genera- Pipeline stage at the same time.

tion unit must be brought after being in cold  (2) in a hash table, whem + 1 different

reserve. keys are mapped by a hashing function to
the same table index (whereentries can be

cold start miss  in a cache, a cold start Stored).

miss occurs when a computer program is ref-

erencing a memory block for the first time, collision broadening broadening of

so the block has to be brought into the cachethe spectral profile of an amplifying or ab-

from main memory. Also called first refer- sorbing transition due to inelastic or phase-

ence misses or compulsory misses. Wheninterrupting elastic collisions.

the cache is empty, all new memory block

references are cold misse3ee als@apacity  collision vector  ahbinary number in which

miss conflict miss theith bit is a 1 ifsubmitting a task into the
pipelinei cycles after a task will cause a col-

collapsible reel atake-upreelusedinline lision.

work which fits on the power-take-off of a

line truck. color  visual sensation associated with the
wavelength or frequency content of an optical
collector wall the collector of a bipo- signal.

lar transistor is located below the surface of
the substrate. The wall, or sidewall, is the color blooming phenomenon where the
vertical boundary of the collector that meets excess charge at a photo receptor can spread
the substrate material. The boundary usuallyto neighboring receptors, and change their
forms a p-n junction that provides isolation values in proportion to the overload. For
from. RGB cameras, this effect can modify not
only the luminance but also the chrominance
collet  a circular spring fingerstock con- of pixels. Seecolor clipping chrominance
nection element for a power vacuum tube. luminance

colliding-pulse-modelocked (CPM) laser colorburst  burst of eight to ten cycles of
a dye laser resonator design for producingthe 3.579545 MHz (3.58 MHz) chrominance
femtosecond pulses; right and left travelling subcarrier frequency that occurs during the
pulses collide in a thin intracavity absorber. horizontal blanking of the NTSC composite
video signal. The color burst signal synchro-
collimated beam with nearly flat phase nizes the television receiver’s color demodu-
fronts and slow longitudinal variations of the lator circuits.
transverse amplitude distribution.
color clipping  phenomenon where the in-
collinear geometry acousto-optical tun- tensity ofthe light on a photoreceptor exceeds
able filter acousto-optical tunable filter some threshold, the receptor becomes satu-
device where the acoustic and light wavesrated and its response is no longer linear, but
propagate in the same direction. Also abbre-limited to some bound. For RGB cameras,
viated collinear geometry AOTF. this effect can modify not only the luminance
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but also the chrominance of pixelSeecolor  resents luminance and; and C» are color
blooming chrominanceluminance difference signals. Th€; andC3 signals are

then subsampled, but coded with the same
color coding the process of identifying algorithm as theY signal. Standard algo-
components’ values and tolerances by meansithms do not attempt to exploit correlations
of a set of colored bands or dots. between the three signals.

color correction in practical photome- color matching the process of mixing
try it is known that the system used to mea- three fixed and independent primary colors
sure luminescence will not possess the stanso that an observer (trichromat) interprets the
dard eye spectral response as specified by théormulation as being the same as a speci-
1931 International Commission on lllumina- fied but arbitrary color. In color television,
tion (CIE). The measurement “system” will the three primary colors are fixed at specific
undoubtedly consist of a photodetector, anwavelengths bandsg, Ag, andAp corre-
optical filter and associated lenses. Unfortu- sponding to colors red, green, and blue.
nately, system output is highly dependent on
its spectral response. color preference index (CPI)  measure
appraising a light source for appreciative
color difference signals the chromi-  viewing of colored objects or for promoting
nance signal component that results froman optimistic viewpoint by flattery.
subtracting the luminance (Y) component
from a primary color. The luminance sig- color representation a method of defin-
nal corresponds to the changes in brightnessng a signal or an image pixel value to be
as from a monochrome video signal. The associated with a color index.
three primary colors for color television sig-
nals are located in Maxwell’s chromaticity color saturation a color with the dom-
diagram. Red is at a wavelength of 0.7 mi- inant wavelength located at the periphery of
crometer, green at 0.546 micrometer and blueMaxwell's chromaticity diagram. A fully
at 0.436 micrometer. The luminance signal saturated color is pure because it has not been
component results from the matrix addition contaminated by any other color orinfluence.
of the primary colors. The matrix propor-
tions are 30% red, 59% green, and 11% blue.color signal  the portion of a modulated
Two color difference signals, (R-Y) and (B- signal that determines the colors of the in-
Y) are sufficient to convey all the information tended output display.
necessary toreproduce full color atthe TV re-
ceiver. The color difference signal (G-Y) can color space the spaceC within which
be determined by proper proportions of the colors are represented in the image function
(R-Y), (B-Y) and Y signals at the receiver. [ :R2 — C.

color graphics adapter (CGA) avideo colortemperature  the color a black ob-
adapter proposed by IBM in 1981. It is ca- ject becomes when it is heated. The stan-
pable of emulating MDA. In graphic mode, dard color “white” occurs when a tungsten
it allows one to reach 64& 200 (wide per filament is heated to a temperature of 6800
high) pixels with 2 colors or 32& 200 with  degrees Kelvin. The temperature of 6800 K
4 colors. corresponds to a standard white raster as de-
fined by the NTSC. The colortemperature for
colorimage coding compression of color white is useful for comparing color match-
images is usually done by transforming RGB ing and color decoding among different dis-
colorspaceinto & C1Co space, wher&rep-  plays that use different color phosphors. The
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standard “white” is obtained by mixing the as the infinite sum of delta functions evenly

30% red, 59% green, and 11% blue color sig-spaced through time or frequency.

nals. Differences in the color saturation for

the different phosphors found in television comb-line filter filter consisting of par-

CRTs will modify the required proportions allel coupled transmission line resonators

of red, green, and blue to produce the stan-where all resonators are grounded on one

dard “white.” side and capacitively loaded to ground on the
other. Adjacent resonators are grounded on

color-bar patterns a standard color-bar the same side. When fabricated as strip con-

pattern for an NTSC video signal consisting ductors in microstrip or stripline form, the

of a composite video signal containing a 77% metalized patterns have the appearance of a

and a 100% white chip, and yellow, cyan, comb.

green, magenta, red, blue, and black chips.

These patterns represent ideal color and lu-combination tone  various sum and dif-

minance levels that can be input in a video ference frequency that are generated when

system for setting levels and verifying sys- two intense monochromatic fields interact

tem performance. with the same semiclassically described laser
medium.

Colpitts oscillator ~ a particular case of an

LC-oscillator whenX; andX», are capacitors combinational lock interconnections of

(hence X,, = 0), X3 an inductance. memory-free digital elements.

column decoder  logic used in a direct- combinational logic a digital logic, in
access memory (ROM or RAM) to select one which external output signals of a device are
of a number of rows from a given column totally dependent on the external input sig-
address.See alsdawo-dimensional memory nals applied to the circuit.
organization

combined cycle plant a gas-turbine
columndistance the minimumHamming power plant in which the exhaust gases are
distance between sequences of a specifiedised to heat water in a boiler to provide steam
length encoded with the same convolutional to run a turbogenerator.
code that differ in the first encoding interval.

combined field integral equation (CFIE)
column-access strobe  Seetwo-dimen- a mathematical relationship obtained by
sional memory organization combining the electric field integral equation

(EFIE) and magnetic field integral equation
combfilter  anelectric wave filter thatex- (MFIE). It is normally used in electromag-
hibits an amplitude versus frequency plot of netic scattering calculations from a conduct-
periodically spaced pass bands interspersedhg body to avoid non-physical interior res-
with periodic stop bands. This plot resem- onances that appear by using either EFIE or
bles the teeth of an ordinary hair comb, from MFIE alone.
which the filter derives its name.

combined source-channel coding agen-
comb function  afunction made of evenly eral term for approaches to source-channel
spaced, equal amplitude time or frequencycoding, where the source and channel codes
components (the Fourier transform of the are combinedinto one overall code. Inthe lit-
Comb function is another Comb function). erature, the term is also used, more loosely,
The comb function is useful for discretizing for approaches where (any kind of) joint opti-
continuous signals and can be representednization of the source and channel coding is
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utilized. Also commonly referred to as joint common base amplifier  a single transis-

source-chanreoding tor BJT amplifier in which the input signal
is applied to the emitter terminal, the output
is taken from the collector terminal, and the

combo trouble-shooter in combined base terminal is connected to a constant volt-

electric and gas utilities, a practice which is 89€.
growing in popularity is the use of combo
troubleshooters. The combo troubleshootercommon centroid a technique in

is cross trained in both electric and gas ser-the physical design of integrated circuits
vice practices. The cross functionality per- in which two transistors, which must be
mits more efficient deployment of resources. matched, are actually composed of multiple
devices connected in parallel. By appropri-
come-a-long a ratcheted winch or block- ately connecting the multiple devices, the ef-
and-tackle for pulling conductors into place. fective center (“centroid”) of the two transis-
tors can be located at the same point, thus

command (1) directives in natural lan- improving the matching in the presence of

guage or symbolic notations entered by usersnor.1idealities in the integrated circuit fabri-
to select computer programs or functions. ~ ¢ation processSee als@ross-quad

(2) instructions from the central processor

unit (CPU) to controllers and other devices common channel signaling (CCS)  a
for execution. technique for routing signaling information

(3) a CPU command, or a single instruc- through a packet-switched network.

tion, ADD, LOAD, etc.
common collector amplifier a single-

transistor BJT amplifier in which the input
signal is applied to the base terminal, the out-
putis taken from the emitter terminal, and the
collector terminal is connected to a constant
voltage. Also referred to as an emitter fol-
lower, since the voltage gain of this config-
uration is close to unity (the emitter voltage
“follows” the base voltage).

Commision International d’Eclairage
(CIE) International standards body for
lighting and color measurement. Known in
English as the International Commission on
[llumination.

commit the phase of a transaction in
which the new states are written to the global
memory or database. The commit phase
should not be started until it has been veri- common drain amplifier  a single tran-
fied that performing the commit will not vi-  sistor FET amplifier in which the input signal
olate the system’s consistency requirementsis applied to the gate terminal, the output is
In most designs’ the commit phase itself musttaken from the source terminal, and the drain
be performed under more strict locking than terminal is connected to a constant voltage.
the remainder of the transaction. Also referred to as a source follower, since
the voltage gain of this configuration is close
to unity (the source voltage “follows” the gate

Comité Consulatif International T élégra-
voltage).

phique et Télephonique (CCITT) Inter-
national Consultative Committee for Teleg-
raphy and TelephonyThis institution, based common emitter  a basic transistor am-
in Geneva, Switzerland, issues recommendaqlifier stage whose emitter is common to both
tions concerning all fields related to telecom- input and output loops. It amplifies voltage,
munications. current, and hence power.
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common emitter amplifier a single- common-channel interoffice signaling
transistor BJT amplifier in which the input the use of a special network, dedicated to sig-
signal is applied to the base terminal, the out-naling, to establish a path through a commu-
put is taken from the collector terminal, and nication network, which is dedicated to the
the emitter terminal is connected to a constanttransfer of user information.

voltage.

common-mode coupling  pick-up from

an electromagnetic field that induces a

transistor FET amplifier in which the input chan?e n pptedntlal %n bhOth S|gr|1al_ leads gf
signal is applied to the source terminal, the equal magnitude and phase relative to the

output is taken from the drain terminal, and 9round reference potential.

the gate terminal is connected to a constant L _ _
voltage. communication link a point-to-point

communication system that typically in-
volves a single information source and a sin-
common mode gain  for a differential  gle user. This is in contrast to a communica-
amplifier, the ratio of the output signal am- tions network, which usually involves many
plitude to the amplitude of a signal applied sources and many users.
to both the amplifier input terminals (in com-
mon). For an ideal differential amplifier, the communication theory ~ Seeinformation
common mode gain would be zero; the devi- theory,
ation of a real differential amplifier from the
ideal is characterized by the common mode community-antenna television (CATV)
rejection ratio (CMRR). atelevision receiving and distribution system
in which signals from television stations and
common mode noise  undesired electri- Sometimes FM stations are received by anten-
cal signals in lines that are equal in amplitude nas, amplified, and then distributed to com-
and phase with respect to a reference groundmunity subscribers via coaxial or fiber-optic
Common mode voltages and currents can becable. The system is known as cable TV.
generated by power electronic switching cir-
cuits and can interfere with control or other cOmmutating inductance  in switched
electronic equipment_ Common mode cur- circuits (Converters, inverters, etC.), the in-
rents will also sum into neutrals and ground_ ductance that is in series with the SWitChing
ing conductors, which may cause sensitive €lements during the process of commutation
fault current detection re|ays to tr|p from one tOpOlOgical state to another. This
inductance results in noninstantaneous com-
mutation due to the fact that current in an
inductor cannot change instantaneously.

common gate amplifier a single-

common mode rejection ratio (CMRR)

a measure of quality of an amplifier with dif-
ferential inputs, defined as the ratio between
the common-mode gain and the differential
gain.

commutating pole  Seeinterpole
commutating winding Seeinterpole

common source amplifier a single- commutation the process by which al-
transistor FET amplifier in which the input ternating current in the rotating coil of a DC
signal is applied to the gate terminal, the out- machine is converted to unidirectional cur-
put is taken from the drain terminal, and the rent. Commutation is accomplished via a
source terminal is connected to a constantset of stationary electrical contacts (brushes)
voltage. sliding over multiple, shaft-mounted electri-
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cal contacts that turn with the machine ro- the machine. It also, enables reversal of
tor. The contacts are the connection pointscurrent in the armature windingSee also
in a series-connected loop of the coils that commutation
make up the rotor winding. The brushes,
sliding over these contacts, continually di- commutator film an oxide layer on
vide the loop into two parallel electrical paths the commutator surface, indicated by a dark
between the brushes. color or a “film,” that is required for proper
The brushes are positioned such that theycommutator action and full loading of the
make contact with those commutator seg-machine. On a new DC machine commu-
ments that are connected to coils that aretator, or on a commutator that has just been
moving through a magnetic neutral point be- stoned, there is no “film” on the commutator.
tween poles of the machine’s field flux. As a It is advisable to refer to the manufacturer’s
result, all coils making up one parallel path technical manual for the proper procedure to
are always moving under a north magnetic “break in” the commutator and develop the
pole, and the others are always moving underfilm so the machine can be operated at rated
a south magnetic pole. The movement of theconditions.
commutator contacts underneath the brushes
automatically switches a coil from one path compact disk (CD) a plastic substrate
to the other as it moves from a north pole re- embossed with a pattern of pits that encode
gion to a south pole region. Since the coils audio signals in digital format. The disk is
in both paths move in the same direction, but coated with a metallic layer (to enhance its
through opposite flux regions, the voltages reflectivity) and read in a drive (CD player)
induced in the two paths are opposite. Con-that employs a focused laser beam and mon-
sequently, the positive and negative ends ofitors fluctuations of the reflected intensity in
each path occur at the same points in the seorder to detect the pits.
ries loop, which are at the points where the
brushes contact the commutator. The brushcompact disk-interactive (CD-l)  a spec-
positions, thus, represent a unidirectional (orification that describes methods for providing
DC) connection to the rotating coifee also  audio, video, graphics, text, and machine-
commutator executable code on a CD-ROM.

commutation angle timeinelectricalde- compactrange an electromagnetic mea-

grees from the start to the completion of the surement facility in which far-field condi-

commutation process. Also called overlap tions are achieved by the use of an offset

angle. parabolic reflector. The reflector is fed using
a source antenna or other subreflector sys-

commutativity a property of an opera- tem located at its focus. The term “compact”

tion; an operation is commutative if the re- range is used to describe the relative differ-

sult of the operation is not affected by any ence in its size compared to a true far-field

reordering of the operands of the operation.range requiring a large separation distance

Additions and multiplication are commuta- between the source antenna and the device

tive, whereas subtraction and division are not.under test to achieve the same far-field con-
ditions.

commutator a cylindrical assembly of

copper segments, insulated from each an-compactness measure an alternative

other, that make electrical contact with sta- name forcircularity measure

tionary brushes, to allow current to flow

from the rotating armature windings of a compander a point operation that loga-

DC machine to the external terminals of rithmically compresses a sample into fewer
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bits before transmission. The inverse loga- partments are described by the first-order dif-
rithmic function is used to expand the code ferential or difference equations, and in this
to its original number of bits before convert- sense they form a system of state equations.
ing it into an analog signal. Typically used Although the most popular application of
in telecommunications systems to minimize compartmental models is in modeling pop-
bandwidth without degrading low-amplitude ulation dynamics and other biomedical phe-
signals. nomena, they may be also used to describe
some engineering processes, e.g., distillation
companding  a process designed to min- columns. The case of linear time-invariant
imize the transmission bit rate of a signal by compartments in which exchange rates are
compressing it prior to transmission and ex- proportional to the state of the donor com-
panding it upon reception. It is a rudimen- partments may be treated by Laplace trans-
tary data compression technique that requireorms and transfer function analysis.
minimal processing.

) ) . compatibility (1) two different imple-
companion matrix  the coefficient ma-  yenations of the same component whereby
trixinthe state-_equatlon rep_resenta_ltlon Of_thethey may both be used in a system with no
network describable by a linear differential g gification (often used in the context of new
equation. microprocessors running software compiled

) for older microprocessors).
comparator (1) alogic elementthat com-

pares two binary numbersi(and B) to de- (2) the capability of a functional unit to
termine ifA = B, A < B,orA > B. An  meet the requirements of a specified inter-
exclusive NOR gate operates like a 1-bit com- face.
parator.

(2) a software tool that compares two com- compensated pulsed alternator (CPA)
puter programs, files, or sets of data to iden-Seecompulsator
tify commonalities or differences. Typical

objects of comparison are similar versions of ¢ompensating winding ~ a winding found
source code, object code, data base files, Ofy pc machines that is placed in the faces
test results. of the main field poles, and connected in se-
) ) ) . ries with the armature winding, to produce
compare instruction  aninstructionused 54 mmf equal and opposite to the mmf of

to compare two values. The processor flagsihe armature, thereby reducing the effect of
are updated as a result. For example, the in4mature reaction.

struction CMP AL,7 compares the contents

of register AL with 7. The zero flag is set if . 1 : loved
AL equals 7. An internal subtraction is used _compensatlon (1) operations employe )
to perform the comparison. in a control scheme to counteract dynamic

lags or to modify the transformation between
compartmental model a dynamical measured variables and controller output to

model used in analysis of biomedical, phar- produce prompt stable response.
macokinetic, and ecological systems. The (2) the alteration of the dynamic behav-
main idea in compartmental modeling is to ior of a process by the addition of sys-
“lump” in reality distributed system into a tem blocks. These are usually connected
finite number of homogeneous, well-mixed in cascade with the original process on ei-
subsystems called compartments or poolsther its input or its output variables, or both.
which exchange materials with each other See als@ompensatgmpre-compensatand
and with the environment. Usually the com- post-compensator
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compensator a system block added to complementary arithmetic ~ a method of
an existing system (or process) to produceperforming integer arithmetic within a com-
a combined transfer function that improves puter, in which negative numbers are repre-
its performance when connected in a closedsented in such a way that the arithmetic may
loop configuration.See alsaccompensation  be performed without regard to the sign of
pre-compensat@ndpost-compensator each number.

compensatory behavior human dy- complementary cumulative distribution
namic behavior in which the operator’s ac- function (CCDF) a function describ-
tions are conditioned primarily by the closed- ing the probabilityp (x) of achieving all out-
loop man-machine system errors. comes in an experiment greater than

compensatory display  for the simplest complementary metal oxide semiconduc-
case, a display which shows only the differ- tor (CMOS) (1) refers to the process that
ence between the desired input command an¢ombines n-channel and p-channel transis-

the system output. tors on the same piece of silicon (complemen-
tary). The transistors are traditionally made
compiler a program that translates a of layers of metal, oxide, and semiconductor

h|gh level |anguage program into an exe- ma.terials, though the metal |ayer is often re-
cutable machine instruction program or other Placed by polysilicon. There are a number

lower-level form such as assembly language.of variations such as HCMOS, high-speed
See alsolinker, assembler interpretey ~CMOS which scales downthe elements com-

Cross_assemb|e¢ross_compi|er pared to the standard MOS process and thus

increases the speed and reduces the power
complement (1) to swap 1's for 0's and consumption for each transistor in the CPU.
0's for 1's in a binary number. (2) a CMOS memory device used in com-
puters to store information that must be avail-
able at startup. The information is main-
tained in the device by a small battery.

(2) opposite form of a number system.

complement of a fuzzy set the members

outside of a fuzzy set but within the universe

of discourse. Represented by the symbol
Let A be a fuzzy set in the universe of dis-

courseX with membership functiom 4 (x),

x € X. The membership function of the

complement of , forall x € X, is

complete statistic  a sufficient statistid”
where every real-valued function Bfis zero
with probability one whenever the mathe-
matical expectation of that function @f is
zero for all values of the parameter. In other
words, if W is real-valued function, then T is
complete if
M-a(x) =1—pualx)
EqgW(T) =0V € ©® = Py[W(T) = 0]
See alscomplementfuzzy setmembership =1V e O®
function

complement operator  the logical NOT  completionunit  Seeretire unit

operation. In a crisp (non-fuzzy) system, the

complement of a sed is the set of the ele- complex amplitude magnitude of a
ments that are not members4f The fuzzy  nearly harmonic function, complex to in-
complement represents the degree to whichclude phase deviations from a reference
an element is not a member of the fuzzy set.wave.
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complex amplitude transmittance One of the benefits of a CISC is that the
transmittance of the complex amplitude, code tends to be very compact. When mem-
square root of the intensity transmission.  ory was an expensive commodity, this was a
substantial benefit. Today, speed of execu-
complex beam parameter Seebeam tion rather than compactness of code is the
parameter dominant force.
See alsomicroprogramming reduced
complex envelope a low-pass complex instruction set computer processor
valued signal used to represent a real band-
pass signal. The complex envelope is ob-complex number a number consisting
tained from the analytic signal with center of a real part and an imaginary part, usually
frequencyw, by multiplying the analytic sig-  expressed in the fore+ bi, where the §” is
nal bye =/, used to distinguish thatrepresents the com-
plex part of the numbet. is mathematically
complex exponential signal a signal of defined as the positive root efl.
the formx(t) = Cexpjwt, whereC is a
constant andv is the frequency in radians complex power a complex number that
per second. represents electric power flow for an AC cir-
cuit. When expressed in rectangular form its
complex frequency  a complex number real part is average powe in watts and its
used to characterize exponential and dampedmaginary part is reactive powe? in reac-
sinusoidal motion in the same way that an tive volt-amperes. When expressed in polar
ordinary frequency characterizes simple har-form its magnitude is apparent powgrin
monic motion; designated by the constant volt-amperes and its angle is the power fac-
corresponding to a motion whose amplitude tor angle (the same angle as the impedance
is given byAe’’, whereA is a constantand  angle for a passive loadBee als@apparent
is time, ands = o + jw whereo is thereal power
part ofs andw is the imaginary part of. @
is also known as the real angular frequency. complex process (system) term used
rather colloquially to denote controlled pro-
complex instruction set computer (CISC)  cess (control system) possessing such charac-
a processor with a large quantity of instruc- teristic features which, separately or jointly,
tions, some of which may be quite compli- allow to treat this process (system) as a com-
cated, as well as a large quantity of different plex entity; the features worth consideration
addressing modes, instruction and data for-are:
mats, and other attributes. The designation 1.The process is large in a physical sense
was put forth to distinguish CPUs such as — it occupies large space and there are large
those in the Motorola M68000 family and the distances among its different elements,
Intel Pentium from another approachto CPU 2. The model of the process is compli-
design that emphasized a simplified instruc- cated and involves many variables, in partic-
tion set with fewer but possibly faster exe- ular control inputs,
cuting instructions, called RISC processors. 3. The process is composed of several in-
One CISC processor, the Digital VAX, has teracting subprocesses and there are identifi-
over 300 instructions, 16 addressing modes able local objectives and local sets of decision
and its instruction formats may take up 1 to variables,
51 bytes. 4. The control problem is seen as compli-
A CISC processor usually has a relatively cated due to the nature of the control objec-
complicated control unit. Most CISC pro- tives and the way by which free inputs are
cessors are microprogrammed. formed and influence the controlled process
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— even when the underlying physical pro- to produce certain strength and/or electrical
cess does not seem to be complex. characteristics.

complex propagation constant  propa-  composite maximum method  a method

gation constant or wave number in a medium Of defuzzification in which the defuzzified

with gain or loss. or crisp value is arrived at using the maxi-
mum value of the membership function of

complex system  Seecomplex process  the fuzzy set.

composite  moments method See

complex transmittance  the effect of a :
centroid method

medium on both optical phase and amplitude

of light traversing the medium. . .
9 9 composite second order (CSO) ratio

of the power in the second-order distortion
d products to power in the carrier in a cable
television channel.

complexity-constrained maximum-likeli-
hood the maximum of the likelihoo
function given some quantifiable complex-
ity constraint, M, i.e., maXp(y|x, M)}.
Breadth-first search algorithms can perform
complexity-constrained maximum-likelihood
detection on tree and trellis structured prob-
lems.

composite sync a synchronizing sig-
nal consisting of both horizontal and vertical
sync information. Composite sync is used
for providing synchronizing pulses to video
equipment in the studio.

compliance matrix  forthe arm end point - composite transform ~ atransformthatcan
is defined formally by the following expres- e factored into two or more transforms.
sion: JAK_ljg where J,4 is an analytical

Jacobian of the manipulator akda positive composite triple beat (CTB) same as
definite matrix describing joint stiffness of composite second order but for third-order
the manipulator. MatrixX is invertible. No- distortion. Seecomposite second order

tice that the compliance matrix depends on

the structure of the manipulator and changescomposite video (1) a single video sig-
with its position in Cartesian spacBee also  nj| that contains luminance, color, and syn-
stiffness of a manipulator arandanalytical  chronization information. NTSC, PAL, and

Jacobian SECAM are all examples of composite video
_ . . . formats.
compliant motion  motion of the manip- (2) the complete video signal. For B&W,

ulator (rObOt) when it is in contact with its it consists of the picture SignaL b|anking

“environment,” such as writing on a chalk- pylses, and synchronizing signals. For color,

board or assembling parts. color synchronizing and color picture infor-
mation are addedSesfigure.

component mounting site  alocation on

a packaging and interconnecting structure,compositional rule of inference  gener-

consisting of a land pattern and conductor alization of the notion of function. Lek

fan-out to additional lands for testing or vias, andY be two universes of discoursg,be a

used for mounting a single component. fuzzy set ofX, andR is a fuzzy relation in
X x Y. The compositional rule of inference

composite  a material usually consisting associates a fuzzy s@ in Y to A in three

of a resin supporting fibers of a lightweight steps:

fabric that may be woven and treated in order 1. Cylindrical extension ofA in X x Y;
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Computed torque control.

2.Intersection of the cylindrical extension the machine. The phase voltages and currents

with R; of the machine are fed through transformers,
3. Bisthe projection of the resulting fuzzy then rectified in order to provide DC quanti-
setony. ties to the field winding. The components of

If we chooseintersectionas triangular  the exciter are the transformers (voltage and
normandunionastriangular co-norm then  current), rectifiers (including possible gate-
we have the so-calleghax-min composition circuitry), and power reactors; exclusive of

B=AoR,id. all input control elements.
up(y) = \/ [MA(X) /\MR(x, y)] . compression (1) in information theory,
x the compact encoding (with asmaller number

If we choosealgebric productfor trian-  of bits) /. of a digital image or signal ob-
gular normandunionastriangular co-normy  tained by removing redundant or nonsignif-
then we have the so-calleadax-product com- icant information, thus saving storage space

positionB = ASR, i.d. or transmission time. Compression is termed
lossless, if the transformation définto 7. is
up() = \/ [ka@prx, y)]. reversible, otherwise it is termed lossy.
X

(2) in signal processing, at given bias lev-

The compositional rule of inference is the els and frequency, the ratio between the small
principal rationale behindpproximate rea- signal power gair(PoutSS/Pincidentsé under

soning. small signal conditions and the large signal
See alsapproximate reasoningylindrical  power gain pou s/ pincident 9 ata giveninput

extension of a fuzzy setfuzzy relation  power, expressed in decibels. As the input

intersection of fuzzy sefsprojection of a  amplitude of a signal is increased, the out-
fuzzy set put signal will eventually cutoff and/or clip

due to saturation, resulting in compression.

compound-connected DC machine ~ a  f the large signal is insufficiently large to
direct current machine with two field wind- cause cutout and/or C||pp|ng’ then the com-

ingS in which one field Wlndlng is connected pression will be at or near 0 dB.
in series and one field winding is connected
in parallel (shunt) with the armature wind- _ .
ing. The shunt winding may be connected Ger = 1010010 (Pousd pincidentss
ahead of the series winding (long-shunt con- — 1010g;0 (PoutLs/ Pincident9
nection), or behind the series winding (short-
shunt connection).

compression coding the lossy (irre-
compound-rectifier exciter  a source of versible) or loseless (reversible) process of
field current of a synchronous machine de-reducing the amount of digital information
rived from the phase voltages and currents ofrequired to represent a digital signal.
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compression ratio  the ratio of the num- ated processing units, memory, and periph-

ber of bits used to represent a signal beforeeral equipment for input and output. Uses

compression to that used after compression.internal memory for storing programs and/or
data.

Compton laser free-electron laser in

Wh|Ch the amplification mechanism iS con- Computer architecture an image Of a

sidered to be Compton scattering. computing system as seen by a most sophis-
ticated computer user and programmer. The
compulsator  the compulsator (compen- apove concept of a programmer refers to a
sated pulsed alternator or CPA), is aspeciallyperson capable of programming in machine
designed rotating electrical alternator with language, including the capability of writing
a very low internal impedance that allows z compiler. The architecture includes all reg-
it to produce large, repetitive pulses of cur- jsters accessible by any instruction (including
rent. These machines produce an alternatingne privileged instructions), the complete in-
current output whose frequency is dependentsyyction set, all instruction and data formats,
upon the rotor speed and number of magneticaddressing modes, and other details that are
poles in the CPA. Typical output voltages of necessaryin order to write any program. This
a CPA are 1,000-10,000 volts with output gefinition stems from the IBM program of
currents of up to 5,000,000 amperes and fre-generating the 360 system in the early 1960s.
quencies of 100-1,000 hertz. Contrast withcomputer organization See

) ) alsoFlynn’s taxonomy
compulsory miss  Seecold start miss

computer communication network  col-

lection of applications hosted on different
machines and interconnected by an infras-
tructure that provides intercommunications.

computational cut-off rate Seecut-off
rate

computational electromagnetics the use
of modern digital hardware to obtain solu-
tions to Maxwell’'s equations and to visualize
these solutions.

computer generated hologram  a holo-
gram where the required complex amplitude
and phase functions are generated by com-
computational intelligence Seesoft  Puter and written onto an optical medium.
computing
computer hardware description language
computed tomography (CT) Sedomog-  (CHDL) examples include VHDL and
raphy. Verilog, current work in CHDL includes
mainly languages for verification, and exten-

computer (1) an electronic, electrome- sions of existing languages for system de-
chanical, or purely mechanical device that scription and analog design. CHDL confer-
accepts input, performs some computationalences are organized every year.
operations on the input, and produces some
output. computer model  a computer model of

(2) functional unit that can perform sub- a device consists of a mathematical/logical
stantial computations, including numerous model of the behavior of the device repre-
arithmetic operations, or logic operations, sented in the form of a computer program.
without human intervention duringarun. A good computer model reproduces all the

(3) general or special-purpose program- behaviors of the physical device in question
mable system thatis able to execute programsand can be confidently used to simulate the
automatically. It has one or more associ- device in a variety of circumstances.
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computer organization  describesthede- ducing new algorithms/programs which aid
tails of the internal circuitry of the computer the designer in the complex tasks associated
with sufficient detail to completely speci- with designing and building an integrated cir-
fies the operation of the computer hardware.cuit. There are many subfields of electrical
Contrast withcomputer architecture CAD: simulation, synthesis, physical design,

testing, packaging, and semiconductor pro-
computer relay a protective relay that cess support.
digitizes the current and/or voltage signals
and uses a microprocessor to condition thecomputer-aided engineering (CAE)
digitized signal and implement the operating software tools for use by engineers.
logic. Seedigital relay.

computer-aided manufacturing (CAM)
computer simulation  a set of computer manufacturing of components and products
programs that allows one to model the im- when based heavily on automation and com-
portant aspects of the behavior of the spe-puter tools. See alsocomputer-integrated
cific system under study. Simulation can aid manufacturing
the design process by, for example, allowing
one to determine appropriate system designcomputer-aided software engineering
parameters or aid the analysis process by, fo(CASE)  acomputer application automat-
example, allowing one to estimate the end-to-ing the development of graphic and docu-
end performance of the system under study. mentation of application design.

computer torque control computed computer-integrated manufacturing
torque control is depicted in figure. The feed- (CIM) manufacturing approach that
back controller sends its output through the makes substantial use of computers to control
inverse dynamic model. The feedback con- manufacturing processes across several man-
trol law comprises and independent-joint PD ufacturing cells. See alsocomputer-aided
controller with velocity reference, plus the manufacturing
desired acceleration. Inthe figuig ¢, and
ja denote desired position, velocity, and ac- concatenated code (1) a code thatis con-
celeration vectors, respectively.andg de-  structed by a cascade of two or more codes,
note measured generalized position and ve-usually over different field sizes.
locity vectors. FinallyK, andK, are posi- (2) the combination of two or more for-
tive definite constant PD controller matrices. ward error control codes that achieve a level
of performance with less complexity than a
computer vision  Seerobot vision single coding stage would require. Serially
concatenated coding systems commonly use
computer word  data path of a computer two levels of codes, with the inner code being
(the size of virtual addresses); (1) datum con-a convolutional code and the outer code be-
sisting of the number of bits that forms the ing a Reed—Solomon code. Parallel concate-
fundamental registers, etc.; (2) sequence ofnated codes improve performance through
bits or characters that is stored, addressedparallel encoding and iterative serial decod-
transmitted, and operated as a unit within aing techniquesSee alsdurbo code
given computer. Computer words are one to
eight bytes long, but can be longer for special concentration gradient a difference in
applications. carrier concentration.

computer-aided design (CAD) field of  concentric resonator  usually a symmet-
electrical engineering concerned with pro- riclaserresonatorinwhichthe mirror spacing
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Computer torque control.

is equal to twice the mirror curvature; mirrors these flags to determine whether to branch or
have a common center of curvature. not.

concept formation  the process of the in- condition code register  register that con-

cremental unsupervised acquisition of cate-tains the bits that are the condition codes for

gories and their intentional descriptions. the CPU arithmetic or compare instructions.
The representative concept formation sys-

tems include EPAM. CYRUS. UNIMEM. condition variable a variable set as the

COBWERB, and SGNN’See a|ssle|f_generat_, result of some arithmetic or logical compar-

ing neural network ison.

concurrency  the notion of having multi- ~ conditionability of generalized 2-D model
ple independent tasks available (tasks in this @ Mathematical relationship of interest in
definition means any work to be done, not a control systems.

formal computational entity). The generalized 2-D model
concurrent processing  having one log- Exit1,j+1 = Aoxij + A1Xi+1,j
ical machine (which may be a multiproces- + Aox; j+1+ Bouij

s_or) execute two or more independent tasks + Buuiy1j + Boui ji1
simultaneously.
is called conditionable if no two distinct so-

concurrent read and concurrent write lutions to the model for the same input se-

(CRCW) shared memory model, in quenceu;; for (i, j) € [0, N1] x [0, No]
which concurrent reads and writes are al-coincide in all their boundary valuesSee
lowed. boundary values of 2-D general moyel
wherex;; € R" is the semistate vectas; €
concurrent read and exclusive write R™ is the input vector and, Ay, By (k =

(CREW) shared memory model, in which 0, 1, 2) are real matrices witl& possibly sin-
concurrentreads butonly exclusive writes aregular or rectangular.
allowed.
conditional coding  anapproach to the so-
condenser lens lens system in an optical lution of the problem of large code words and
projection system that prepares light to illu- lookup tablesin block coding. Inthis scheme
minate the mask. one assumes that the receiver already knows
the componentsgs, bo, ...by—_1 Of N-tuple
condition code internal flag used in the &. Current componerity can now be coded
construction of CPUs. Many computers pro- using this information. The assumption that
vide a mechanism for saving the character-there is statistical dependence between pixels
istics of results of a particular calculation. is made.
Such characteristics as sign, zero result, carry
or borrow, and overflow are typical of inte- conditional instruction an instruction
ger operations. The program may referencethat performs its function only if a certain
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condition is met. For example, the instruc- (9—). Hence, the conduction anglgngis
tion INZ TOP only jumps to TOP if the zero
flag is clear (the “not zero” condition). Ocond = O+ + Osat+ 06—

conditional statistic  a statistic premised
on the occurrence of some event. The proba-conductionband the lowest energy band
bility of event E1 given thatE» has occurred that is not completely occupied by electrons
is denoted byp(E1|E2). See alsoBayes’ inacrystalline solidSee alswalence band
rule.
conduction current  the drift of electrons
conditionally addressed ROM read- in aconductor (or of electrons and holes in a
only memory in which not every address can semiconductor).
be used to access a valid word. Usually im-
plemented from a PLA. conduction electron a free electron in
the conduction band of a semiconductor.
conductance (1) the reciprocal of resis-

tance. conductivity (1) the reciprocal of resis-
(2) acharacteristic that describes the avail-tivity.
ability and the mobility of conduction elec- (2) ameasure of a material’s ability to con-

trons within a material. The values range duct electrical current. Conductivity is the
from zero for a perfect insulator to infinity ratio of the conduction current to the electric
for a perfect conductor. The units are sie- field in Ohm’s Law:
mans.
(3) the ability of a substance to carry a Jo=0FE

thermodynamic flow, such as current, heat,
energy, etc.

conduit  apipethroughwhich an electrical
conducted emission an RF current prop- cables are laid.
agated through an electrical conductor.

cone beam term describing the shape of
conducted noise unwanted electrical sig- the beam formed with an X-ray source and
nals that can be generated by power elec-beam restricter. Because the source is a finite
tronic switching circuits. Conducted noise distance from the target, beam divergence oc-
can travel through the circuit cables as curs because the photons in the beam are not
common-mode or differential mode currents travelling along truly parallel paths. Process-
and caninterfere with control circuits or other ing can be applied to correct for the beam
electronic equipment. shape during image reconstruction.

conduction angle the period during cone of protection a method used to de-
which a device is conducting, i.e., carrying termine the extent of protection to surround-
current. While the device could be a switch ing structures afforded by a tall, grounded
or any other electrical element, such as induc-structure like a steel tower. Proposed prior
tor, phase coil, capacitor, resistor, this termisto the "rolling ball* model, this method sug-
primarily applied to power electronic switch- gests that any structure which can fit within a
ing devices, which are gated to operate forright circular cone whose vertex is at the top
some fraction of a power cycle. of the tower will be protected from lightning

The conduction angle is the sum of the strikes by that tower. The angle of the cone’s
positive transition angled(.), the saturation vertex is a matter of some controversyee
angle 0sa), and the negative transition angle rolling ball.
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confidence interval an interval around nel. It will not be interfered with by a trans-
the estimator. The interval contains the un- mission from another user. One way of
known parameter with this probability. achieving this is to allocate the channel to
the users either statically of dynamically. In
confidence level a probability that indi-  static channel allocation schemes the channel
cates the quality of an experiment. can be divided into exclusive sub-channels
in the time domain (TDMA), frequency do-
configuration  operation in which asetof main (FDMA), code domain (CDMA), po-
parameters is imposed for defining the oper-larization domain (PDMA), or in the space
ating conditions. The configuration of a per- (SDMA). In the dynamic channel allocation
sonal computer regarding low-level features scheme, the channelis allocated on a demand
is frequently called set-up. At that level, the basis using a reservation scheme or token
memory, the sequence of boot, the disk fea-passing.
tures, etc., are defined. The configuration
of a computer also involves that of its op- conflicting goals objectives of several
erating system. For example, per MS-DOS decision units in charge of given partitioned
see CONFIG.SYS and AUTOEXEC.BAT. system, for example objectives of local de-
The configuration of applicative software de- cision units in a large-scale system, which
pends on the software under configuration it- would lead to mutually conflicting actions

self. of the decision makers; a conflict may also
arise between the objectives as perceived by
confinement condition according to asupremal unitand the local objectives; con-
which the amplitude of a beam falls to zero flict between local and, eventually, between
at large distances from the beam axis. global and local objectives may or may not

be alleviated by using the coordination in-
confinementcondition Seeconfinement  struments.

confocal parameter measure of the waist
confinement diagram diagram show- size of a Gaussian beam, 2 pi times waist spot
ing the values of the mirror curvatures of a size squared divided by wavelength; twice
two-mirror laser such that the electromag- the Rayleigh length.
netic modes are confined (satisfy the confine-
ment condition); sometimes called a stability confocal resonator  usually a symmetric
diagram because beam confinement can bdaser resonator in which the mirror spacing is
associated with ray stability. equal to the mirror curvature; mirrors have a
common focal point.
conflict miss  a cache miss category used
to denote the case where, if the cache isconformal mapping a transformation
direct-mapped or block-set-associative, toow = f(z) defined on adomaib with angle-
many blocks map to a set leading to that preserving properties. The method of confor-
blocks can be expelled from the cache, even ifmal mapping finds application, for example,
the cache is not full, and later retrieved again. in the quasi-static analysis of several trans-
These are also called “collision misseS&e  mission lines such as microstrips, coplanar

alsocapacity miss waveguides, etc.

conflict-free multiple access protocol confusion matrix ~ amatrix describing the
class of multiple access protocols in which likelihood of misclassification.

any transmission from a given user is guar- Letc¢;, i = 1,...,n be the classes in

anteed to have exclusive access to the chanwhich a given set of patterns can be parti-
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tioned. Lete., ., be the percentage of pat- conjunction rule of inference  a rule of
terns of clasg; that are erroneously recog- reasoning which states that if two proposi-
nized as patterns of clags. The matrix  tionsA andB are both individually true, then
E = [ec,-,c,] € R™" is called a confusion the combined propositiord' AND B”is also
matrix. Of course true.

" connect/disconnect bus  Seesplit trans-
Zec,-,c,- =1 action
j=1

connected component a maximal-sized

) connected region. Also termed “blob.”
congestion  a state of a packet-based sys-

tem where too many packets are present incgnnectedness a graph or subgraph is
the network and the overall performance de-sajd to be connected if there is at least one

grades. Toresolve the congestion, the systenpath between every pair of its vertices.
must employ some form of congestion con-

trol. See alsgreventive congestion control connection matrix ~ in a network of gen-

andreactive congestion conttol eral topology, the connection matrix identi-
fies how the circuit elements are connected
conical diffraction a scattering phe- together.

nomenon in photorefractive crystals in which

the scattered beam forms a cone of light. connection weight in neural networks,
When a laser beam of finite transverse within the processing element, an adaptive
cross section passes through a photorefraccoefficient associated with an input connec-

tive crystal, beam fanning often occurs. The tion. Itis also referred to as synaptic efficacy.
hologram formed by the incident beam and

the fanned light consists of a multitude of connection-oriented service a mode of

gratings because the fanned light spans gacket switching in which a call is estab-
wide solid angle in space. When such a mul- lished prior to any information exchange tak-
titude of gratings is read out by a laser beam,ing place. This is analogous to an ordinary

only a subset of these gratings matches thephone call, except that no physical resources
Bragg condition with readout beam. The need to be allocated.

wave vectors of the Bragg-matched read-
out beams form hollow cones in momentum connectionist model  one of many names
space. Therefore, conical diffractions are ob-given to the learning systems. The notion
served most of the time when fanning occurs. of learning systems has been developed in
Conical diffraction is also oftenreferred to as the fields of artificial intelligence, cyber-
conical scatterings. netics and biology. In its most ambitious
form learning systems attempt to describe or
conicalscattering  Seeconicaldiffraction  mimic human learning ability. Attainment
of this goal is still far away. The learning
systems that have actually been implemented
conjugate symmetric transform aprop- are simple systems that have strong relations
erty of a real-valued function that relates to to adaptive control. The learning systems
its Fourier transform. Ik (¢) is areal-valued are also known under the names of neural
function and its Fourier transform has the nets, parallel distributed processing models,
property thatX (—w) = X*(w), where* de-  etc. Examples oflearning systems mostcom-
notes the complex conjugate. The transformmonly used are perceptron, Boltzmann ma-
X (w) is said to be conjugate symmetric. chine, Hopfield network. An interesting fea-
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ture of the neural networks is that they op- consistent estimator an estimator whose
erate in parallel and that they can be imple- value converges to the true parameter value
mented in silicon. Using such circuits may as the sample size tends to infinity. If the
be a new way to implement adaptive control convergence holds with probability 1, then
systems. the estimator is called strongly consistent or
consistent with probability 1.

connectionless service a mode of packet
switching in which packets are exchanged
without first e_sta_blishing aconnection. Con- ision units in charge of a controlled parti-
ceptually, this is very close t0 message ipned system which, when followed, would
switching, except that if the destination node g4 jointly to overall optimal decisions (ac-
is not active, then the packet is lost.

consistentgoals objectives of several de-

tions) of these units; independent decision

o - . makers contributing to common objectives,
connectivity  specifies that sets are consid- \,ith consistent goals, form a team.
ered to be connected. Generally it is based '

on an adjacency relation between pixels (or
voxels), so that a set is connected if and
only if for any p, g € X there is a sequence
po,---, pn (n > 0) such thatp = po,

q = pn,andforeacl < n, p; is adjacentto
Pr+1- Seixel adjacencyvoxel adjacency

constantangular velocity normally used

in disk storage units where the disk platter
rotate at a constant rotational speed. Because
of this, and to have the same amount of data
in each track, sectors on the inner tracks are
more densely recorded than the outer tracks.

connectivity check  a computerized pro-

cedure applied to a semiconductor chip’s constant bit density  on a disk, recording
physical layout database which verifies the pattern in which the number of bits per unit
actual circuit on the chip is a correct im- distance is the same over all tracks.
plementation of the circuit described on the

schematic diagrams of the chip. constant bitrate (CBR)  describes atraf-

fic pattern in which the bits are sent at a fixed

consistency acorrectness criterion based or constant rate. An 8-bit analog to dlglta'

on testing whether the result that is aChievedconverter sampling at 8 kilo-samples per sec-

by a set of operations being performed in par- g produces a CBR traffic stream with a bit
allel is identical to the result that would be |4ia of 64 Kbps.

obtained if the operations were performed se-
guentially without any overlap. Weaker tests o .
have been proposed in order to trade hard-constant gain circle locus of input and

ware complexity for software responsibility CUtPut impedance points plots on the Smith
and faster execution. chart that provide constant gain to an ampli-

fier.

consistency of interests situation in
which there are several decision units with constant linear velocity  used for exam-
consistent goalsCompare witldisagreement ple, in some optical disks where the platter ro-
of interests tates at different speed, depending on the rel-
ative position of the referenced track. This al-
consistency principle  a principle from  lows more datato be stored onthe outer tracks
possibility theory relating to the consistency thanonthe innertracks. Because ittakestime
between probability and possibility which to vary the speed of rotation, the method is
states that the possibility of an event is al- best suited for sequential rather than random
ways at least as great as its possibility. accessSee als@onstant angular velocity
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constant modulus algorithm (CMA) ture voltage. For AC induction motors, this
one of a number of algorithms (i.e., maxi- region is below rated speed and is achieved
mum ratio combining, Bartlett, Capon, and by reducing the frequency of the applied volt-
LMS) proposed in the literature for the adap- age.

tation of the weights associated with each ra-
diating element and for combining signals re-
ceived on radiating elements.

constitutive relation describes the rela-
tion between the intensity vectors and the flux

) density vectors in a medium.
constant-current transformer two-coill

transformer with a moveable secondary coil o ) )

used to provide constant output current to constitutive relationships  a set of equa-

a variable load. Constant current is main- tions thatcouple the electric-field intensity
tained by mounting both the primary and sec- magr)etic—field intensity , .the electri(; flux
ondary coils on the center element of a shell-densityD, and the magnetic flux densig/to
type core and allowing the secondary coil to ©N€ another. For simple media, the constitu-
move up and down with changes in demandtive relationshipsar® = ¢E,andB = uH,

for load current. Increasing current demand Wheree and,. are the scalar permittivity and
due to a reduction in load impedance caused*€'meability of the medium, respectively.
the secondary coil to move away from the

primary coil. Increasing the coil separation constraining core an internal support-
increases flux leakage and reduces the seding plane in a packaging and interconnecting
ondary output voltage. The reduced outputstructure, used to alter the structure’s coeffi-
voltage counteracts the demand for more cur-cient of thermal expansion.

rent. Increases in load impedance reverse the

process. Movement of the secondary coil is
controlled automatically by attaching the sec-
ondary coil to a counterweight and pulley as-
sembly and orienting the coil windings such
that their flux directions oppose. Increases
in secondary current increase the magnetic 1. A code with constraint lengttk, in
repulsion between the coils, which, aided by Which the value of each coded word is af-
the counterweight, moves the secondary coilfected by the present source word and up to
away from the primary. Reductions in sec- K — 1 previous source words.

ondary current produce the opposite effect. 2 The number of shifts over which a sin-

) ) gle message bit can influence the output of a
constant-horse power drive  a variable  ~qnyolutional encoder.

speed drive that is operating in a speed region
where itis capable of delivering rated power.

For DC machines, this region is above baseCOnstraint propagation  artificial intelli-
speed and is achieved by field weakening.gence technique in which a hypothesis gener-
For AC induction motors, this region is above ates constraints that reduce the search space

rated speed and is achieved by increasing th&Ver the restofthe data. Ifno eventual contra-
frequency of the applied voltage. diction is derived, then a“match” is achieved.

constraintlength  in convolutional codes,
an indication of the number of source words
that affect the value of each coded word. Two
typical forms are:

constant-torque drive  a variable-speed constructive algorithm learning algo-
drive thatis operating in a speed region whererithm that commences with a small network
it is capable of maintaining rated torque. For and adds neural units as learning proceeds
DC machines, this region is below base speeduntil the problem of interest is satisfactorily
and is achieved by reducing the applied arma-accommodated.
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constructive solid geometry method by  sions are allowed to conflict when accessing
which complex 3-D objects are defined as thethe communication channel. The conflict is

combination of simpler solids. thenresolved through the use of a static or dy-
namic conflictresolution protocol. Staticres-

contact head  Seedisk head olution means that the conflict resolution is
based on some preassigned priority. A static

contact potential the internal voltage resolution can be probabilistic if the statistics

that exists across a p-n junction under ther-of the probabilities are fixed. A common ex-
mal equilibrium conditions, when no external ample is the p-persistent ALOHA protocol.
bias voltage is applied. The dynamic resolution allows for changing
the parameters of the conflict resolution algo-
contact printing a lithographic method rithm to reflect the traffic state of the system.
whereby a photomask is placed in direct Acommon example is the Ethernet protocol.
contact with a photoresist coated wafer and
the pattern is transferred by exposing light context the privilege, protection and
through the photomask into the photoresist. address-translation environment of instruc-
tion execution.
contactor electromechanically actuated
spring-loaded relay contacts normally used tocontext switching an operation that
control lights, heat, or other non-motor loads. switches the CPU from one process to an-
In essence, itis an electromechanically oper-other, by saving all of the CPU registers for
ated switch that usually requires some formthe first and replacing them with the CPU
of pilot device for its actuation. registers for the second.

containmentbuilding (1) asteelandcon- contextunits asetof memory units added

crete structure which encloses and isolatesto a feedforward network that receives infor-

the radioactive portion of a nuclear power mation when an input is presented to the net-

plant. work and passes this information to the hid-
(2) a heavily re-inforced structure which den layer when the next input is presented to

surrounds the reactor and other radioactivethe network.

portions of a nuclear power plant so asto con-

tain radioactive gases or debris in the eventcontingency analysis a plan for dealing

of an explosion. with any of the probable faults which might

befall a particular electric power system, the

containment vessel the heavy steel goal being to maintain power to the maxi-

container which encloses the core of amum number of customers and/or the most

pressurized-water reactaf in a nuclear critical customers.

power plant.

contingency list  in security analysis, a
content-addressable memory (CAM) list, necessarily incomplete, of everything
Seeassociative memory which could possibly go wrong in a section

of an electric power system.
contention additional latency incurred
as the result of multiple requestors needingcontingency ranking the process of rank-
access to a shared resource, which can onlyng the list of probable contingencies in order
be used by one at a time. of severity.

contention protocol class of a multi- contingency selection the process of nar-
ple access protocol where the users transmisrowing the list of probable contingencies, or
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disturbances, that can be further processeatontinuous spectrum

when an eigen-

and studied to determine the extent of secu-value problem is defined over an infinite do-

rity violations in the system.

continuity equation axiom that charge
is a conserved quantity. In point-form, the
continuity equation is stated as

8p_

ot

V.J,

wherep is the charge density and is the
current density.

continuous duty National Electrical
Manufacturers Association (NEMA) classi-
fication describing an application in which a
machine operates for long periods of time at
relatively constant loads.

continuous Hopfield network a Hop-
field network with the same structure as the

discrete version, the one difference being the

replacement of the linear threshold units by
neurons with sigmoidal characteristics. Any
initial setting of the neuron outputs leads to a
motion in the network’s state space towards
an attractor which, so long as the weights in
the network are symmetric, is a fixed point.
This allows the network to be employed for
the solution of combinatorial optimization
problems (its main application) by arrang-
ing the network’s weights so that an optimal
solution lies at a fixed point of the network’s
dynamics. Compare withdiscrete Hopfield
network

continuous rating  term often used to re-
fer to the manufacturer's nameplate ratings
for an electrical machine, which are the rated

operating conditions guaranteed by the man-

ufacturer for continuous-duty operatioBee
alsocontinuous duty

continuous signal  a continuous function

main, the eigenvalues bunch together to form
a continuum or a continuous spectrum. This
concept is of fundamental importance for
open waveguides either of electromagnetic
or acoustic type.

continuous speech recognition the pro-
cess of recognizing speech pronounced natu-
rally with no pauses between different words.
continuous system See incremental
gain

continuous time signal  Seesignal
continuous time system  a process that
transforms continuous time input signals to
continuous time output signals.See also
system

continuous tone image coding a process
that converts a digitized continuous tone im-
age to a binary bit stream which has fewer
bits than the original image for the purpose
of efficient storage and transmissiddesstill

image coding

continuouswave (CW) periodic and usu-
ally sinusoidal wave, in contrast to a pulsed
or modulated wave.

continuous-valued logic similarity by
using the definition of the equivalence in
continuous-valued logic, similarity between
two variablesx = (xg,...,x,) andy
(yo, ..., yn), all components of which are
continuous in the open intervéd, 1), can be
defined as

Scx,y) = | Y (e (xi yi)”

i=1

wherep takes real value.
See equivalence in continuous-valued

of one or more independent variables suchlogicfor definition of e(x;, y;).

as time, that typically contains information

about the behavior or nature of some phe-

nomenon.
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contour the edge that separates an object
from other objects and the background. It



must consist of one or several closed curvesfrom a uniform field of the same mean lu-
one for the outer contour, and the others (if minance, and the contrast sensitivity is the
any) for the inner contours surrounding any inverse of the threshold contrasGee also
holes.Seecontour filling, contour following human visual system
edge
control intervention, by means of appro-
contour filling  an object contour is gen- priate manipulated inputs, into the controlled
erally built with an edge detector, but such process in the course of its operation; some
a contour can be open, because some of itform of observation of the actual controlled
pieces, not recognized by the edge detectorprocess behavior is usually being used by the
may be missing. To close the contour, miss-controller.
ing pieces can be added by an operator filling
small holes in a contourSeecontour edge  control and status register (CSR) an
detection internal CPU register that contains a packed
bit array of 1/0 control information. CSRs
contour following an operator which, can reside on I/O devices as well.
starting from a contour point, follows the
closed curve made by that contourSee control bus contains processor signals
contour used to interface with all external circuitry,
such as memory and 1/O read/write signals,
contrast (1) a measure of the intensity interrupt, and bus arbitration signals.
difference (ratio) between an object and the
image background. control channel the control channel
(2) the difference in the perception of vi- used to transmitnetwork controlinformation.
sual energy between picture white and pic- No user information is sent on this channel.
ture black. The ratio between the darkest andCompare wittraffic channel
lightest portions of a TV picture.
control chart plot of data over time in-
contrast enhancement alteration of dicating the fluctuation of the main statisti-
the contrast in an image to yield more cal characteristics applied in statistical qual-
details or more information. See also ity control. Control charts can be used to
contrast histogram stretching histogram  determine if a process is in a state of statis-
equalization tical control by examining past data and to
determine control limits that would apply to
contrast enhancement layer (CEL) a future data in order to check if the process
highly bleachable coating on top of the pho- maintains in this state.
toresist that serves to enhance the contrast of The individual observations are plotted
an aerial image projected through it. againstthree lines. The center one represents
an estimate of the process mean, standard
contrast rendition factor (CRF) thera- deviation or other statistic, two others rep-
tio of visual task contrast with a given light- resent the lower control limit (LCL) and the
ing environment to the contrast with sphere upper control limit (UCL), respectively. If
illumination. the control charts are being used for the first
time, it is necessary to determine trial con-
contrast sensitivity  the responsiveness of trol limits.These limits should be revised if
the human visual system to low contrast pat- the points outside them are traced to a special
terns. In psychophysics, the threshold con-cause which can be removed. The most fre-
trast is the minimum contrast needed to dis-quently used control charts a# s (mean,
tinguish a pattern (such as a spatial sinusoid)standard deviation) an&, R (mean, range)
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charts. Control charts are used to aid in iden-control memory ~ a semiconductor mem-
tification of special causes of variation, re- ory (typically RAM or ROM) used to hold
duction in product variability, and keeping the control datain a microprogrammed CPU.
good records. This data is used to control the operation of
the data path (e.g., the ALU, the data path
control horizon  end time of the control  busses, and the registers) in the CPU. If the

interval over which the operation of the con- control memory uses RAM, the CPU is said
trol system is considered:; if the control inter- to be microprogrammable, which means that

val is infinite then the control horizon is also the CPU’s instruction set can be altered by
infinite. the user and the CPU can thus “emulate” the

instruction set of another computer. Same as

control input  Seemanipulated input control store and micromemory.

control instruction ~ machine instruction  control policy  Seecontrol rule

that controls the actions of a processor such as

setting flags to enable specific modes of oper-control problem  a design problem con-
ation. Generally, control instructions do not cerned with constructing a device called the
perform computations. Sometimes control controller whose goal is to force the con-
instructions include instructions that can ef- trolled variable of the plant or process to be-

fect sequential execution of a program, suchhave in a desired manner. The elements of
as branch instructions. the control problem are control objective, a

model of the process to be controlled, admis-
controlinterval  time interval overwhich  SiPle controllers, and a means of evaluating

the operation of the control system is consid- tN€ Performance of a control strategee
ered: control interval can be finite or infinite. @lSocontroller controlled variable
The notion of a control interval is essential

when the controlled process features variouscontrol rod an assembly of neutron-
accumulation phenomena' absorbing material, typically boron, which is

extended into the core of a nuclear reactor to

control layer  part of the controller re- dampen the chain reaction.

sponsible for performing tasks associated

with a particular aspect of the control; par- control rule decision mechanism (se-
ticular control layer results from vertical de- dquence of such mechanisms), used — within
composition of the controller into a multi- the considered control layer — to specify on-
layer control structure; the layers may differ line the values of the control inputs; for ex-
in their function, or the control interval con- ample, the values of the manipulated inputs
sidered, or both. Typical examples of control in case of the direct control layer or the set-
layers would be regulation layer of a continu- Point values in case of the optimizing control
ous industrial process (see direct control) andlayer. Also known as control policy.

set point control layer of such procesSee

alsooptimizing control layer control scene initial entity, a given
“world,” which is then partitioned into the
control line in a bus, a line used in a controlled process and its (process) environ-

computer bus to administrate bus transfers.ment; control scene is the initial “world”
Examp|es are bus request (a device wants toNhICh is of interest to a control engineer ora
transmit on the bus), or bus grant (the bussystem analyst.

arbiter gives a device transmit access on the

bus). control store  Seecontrol memory
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control structure  essentially the same as to uncertainty in the envisaged behavior of
the control system; this term is used when the controlled process and, eventually, there
one wants to indicate that the controller is is uncertainty concerning the internal behav-
composed of several decision units, suitablyior of the controlled process; in particular
interlinked; decision units of a control struc- when the forecasted scenarios of the future
ture usually differ in their tasks, scope of au- free input values tend to appear to be largely
thority and access to information; depending different from the actual future free input re-
on the context one speaks of a control struc-alization.
ture or of a decision structure; decentralized
control, multilayer control, hierarchical con- controllability (1) the property of a sys-
trol are examples of control structures. tem that ensures the existence of bounded
control inputs to drive any arbitrary initial
control surface  any of the movable parts state to any arbitrary final state in finite time.
such as tabs, panels, or wings that controlFor linear systems, an algebraic condition
the depth of a submarine or the attitude of that involves system and input matrices can
a flight vehicle moving through the atmo- be used to test this property.
sphere. For example, the yaw angle of an  (2) the ability to establish the required test
airplane is controlled by the rudder, the pitch stimuli at each node in a circuit by setting
angle by the elevators, while the roll angle appropriate values on the circuit inputs.
by the ailerons. In fuzzy logic community,
control surface may mean a plot of a typi- controllability at a given time a charac-
cal fuzzy logic controller output as a func- teristic of some dynamical systems. A linear
tion of its two inputs. The inputs to a typical dynamical system is said to be controllable
fuzzy logic controller are the error between at a given time if there exists a finite timg
the desired and the actual plant output, andsuch that it is controllable in a time interval
the change-in-error. [70, 11].

control system (1) the entity compris- controllability condition for nonstation-
ing the controlled process and the controller. ary discrete system  a condition found
Control system is influenced by the environ- in some dynamical systems. A linear dy-
ment of the process both through the free in-namical nonstationary discrete-time system
puts to the process itself and through any cur-is controllable in an intervalko, k1] if and
rent information concerning the behavior of only if the controllability matrix
these free inputs that is made available to the
controller. kil _ . ,

(2) an arrangement of interconnecting ele- Z Fky, j+D BB (NF" ke, j+ 1)
ments that interact and operate automatically /=%
to maintain a specific system condition or is nonsingular. See alsodynamical linear
regulate a controlled variable in a prescribed nonstationary discrete-time finite-dimensional
manner. system

control transformer a step-down trans- controllability in a fixed interval achar-
former used to provide power to the control acteristic of some dynamical systems. A dy-
portion of a power or motor circuit. namical discrete system is said to be control-
lable in an intervalko, k1] if for any initial
control under uncertainty operation of  statex(kg) € R" and any vector; € R"
the control system in a situation when there isthere exists a sequence of admissible con-
a significant uncertainty regarding current or trolsu(k), k = ko, ko+1, ..., k1 —2, k1 — 1
future values of the free inputs, which leads such that the corresponding trajectory of the
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dynamical system satisfies the condition . . .
See also dynamical linear stationary

x (k1 x (ko) , u) = x1 continuous-time finite-dimensional system
controlled process part of the control
controllability in a given time interval scene that can be influenced by the manipu-

a characteristic of some dynamical systems lated inputs set by the controller and the free
A dynamical continuous system is said to be inputs from the (process) environment; ma-
controllable in a given time intervido, 1] if ~ Nipulated inputs will be set (adjusted) to real-

for any initial state ize specified control objectives. Control ob-
jectives can be stated in terms of constraints
x (tg) € R" imposed on specified quantities, in terms of
performance indices to be minimized or max-
and any vector imized, or in other form; free inputs to the
process from its environment do not depend,
x1 € R" by definition, on the process behavior.
there exists an admissible control controlled process model  model, usu-
) " ally stated in form of a set of differential or
u € L*([ro, 1], R™) difference equations, describing the behavior

) ) of the controlled process as caused by its in-
such that the corresponding trajectory of the yts: different models of the same controlled
dynamical system(z, x(10), u) satisfies the  yrocess may be used for various purposes,
following condition: for steady-state control or for model-based

predictive control.
x (t1, x (t0) , u) = x1
controlled rectifier a rectifier that uses
switching elements that have forward volt-
age blocking capability to allow a variable
voltage DC outputSee alsdhyristor.

controllability of nonstationary systems
a characteristic of some dynamical systems.
A linear dynamical nonstationary system is
controllable in time intervalzg, #1] if and

only if the n x n dimensional controllabil- controlled source a voltage or current

source whose intensity is controlled by a cir-

ity matrix ) ) .
cuit voltage or current elsewhere in the cir-
e cuit. Also called dependent source.
Wio = [ Fn b
o controlled variable (1) the quantity, usu-
x BT FT (11, 1) dt ally the output of a plant or process, that is be-

ing controlled for the purpose of the desired

is nonsingular. See alsodynamical linear  pehavior, for example, transient response or

dimensional system (2) variable associated with the behavior

controllability of stationary systems  a of the controlled process and such that one

characteristic of some dynamical systems Awants this variable either to follow a desired

linear dynamical stationary system is control- trajectory over a given time interval or to be
lable if and only if kept at a prescribed constant value, i.e., at a

specified set-point; introduction of a set of
rank [B|AB|AZB| ...|A*B|... |A"*13] =n controlled variables is necessary to define a
two-layer industrial controller with the reg-
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ulation direct control layer and the set point for n — oo, then the sequencg tends tax
optimizing control layer. in probability.

See als@ontroller.

convergent state  the equilibrium state of

controller (1) the entity that enforces the & dynamic system described by a first order
desired behavior — as specified by the con-vector differential equation is said to be con-
trol objectives — of the controlled process by vergent if there exists &= (o), such that,
adjusting the manipulated inputs. The values
of these inputs are either predetermined or [l ¥ (f)) = xe [[< 8 = lim x(1) = x
decided upon (computed) using on-line, i.e.,
real time, decision mechanism of the con- See alsstable state
troller — based on the currently available in-
formation. See als@ontrolled variable converter a generic term used in the

(2) a device that generates the input to thearea of power electronics to describe a recti-
plant or process. The role of the controller fier, inverter, or other power electronic device
is to force the controlled variable of the plant thattransforms electrical power from one fre-
or process to behave in a desired manner. quency and voltage to another.

(3) a unit that directs the operation of a
subsystem within a computer. For instance,convex fuzzy set (1) a fuzzy set that has
a disk controller interprets data access com-a convex type of membership function.
mands from host computer (via a bus), and  (2) afuzzy setin which atk-level sets are
sends read/write, track seeking, and otherconvex.See alsa:-level set
control signals to the drive. During this time,
the computer can perform other tasks, un-convolution  the mathematical operation
til the controller signals DATA READY for needed to determine the response of a sys-
transfer via the CPU bus. tem from its stimulus signal and its weighting

function. The convolution operation is de-

convection current a current in which  noted by the symbol£.” The convolution of
electrons are released for movement outsidgwo continuous time signalg; (r) and f>(r)
of a material. is defined by

convective heat transfer  the process by A % folt) = /oo L e
which a moving fluid transfers heatto or from —0

a wetted surface. t ]
= / f(D) fat — D)dT it fa(2), fa(t)
convergence the condition when the elec- ° =0,1<0
tron beams from a multi-beam CRT meetata
single point. For example, the correct regis- 1o integral on the right-hand side of the
tration of the three beams in the color picture 5,46 equation is called the convolution in-
tube. tegral, and exists for all > 0 if f1(¢) and

) . f2(r) are absolutely integrable for all> 0.
convergence in probability ~ for some se- /1 is the weighting function that character-
quences of random numbers, the tendency 1Qzes the system dynamics in the time domain.

a single number. It is equivalent to the response of the system
To wit, for a sequence of numbers, and  when subjected to an input with the shape of a
arandom variable, if for all € > 0, Dirac delta impulse function. Laplace trans-
formation of the weighting function yields
P{lx,—x|>¢}—>0 the transfer function model for the system.
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The convolution of two discrete time sig- constraint length, the higher the code protec-
nals f1[k] and f>[k] is defined by tion for a given code rate.See alsdblock
coding error control coding

o0
Sk folkl = >~ fali] falk — i) _ _
e oo cooling tower a reinforced-concrete,

k spool-shaped structure in a thermal power
=Y falilfalk — ilif fi[k]. f2lk] =0,k <0  plant in which condenser cooling water
i=0 is itself cooled by convectively-driven air

, ) . streams.
The summation on the right-hand side of the

above equation is called the convolution sum.
Convolution is useful in computing the sys-
tem output of LTIL systems.

Cooper, Leon Niels  (1930-) Born: New
York, New York, U.S.A.

Cooper is best known for his work on su-
convolution integral Seeconvolution perconductivity, resulting in a Nobel Prize
superposition integral he shared with John Bardeen and J. Robert

Schrieffer. He postulated the idea that is now
convolutional code (1) a code generated known as Cooper pairs, as part of the expla-
by passing the information sequence to benation of why some metals loose their con-
transmitted through a linear finite-state shift ductivity at very low temperatures.
register and the coder memory couples the
currently processed data with a few earlier coordinate system a system for defining
data blocks. Thus the coder output dependshe location of a point in space relative to
on the earlier data blocks that have been prosome reference point and for defining a set of
cessed by the coder. reference directions at each and every point

(2) achannel code based on the trellis cod-in space.
ing principle but with the encoder function

(mapping) determined by a linear ftmction coordinated rotation digital computer
(over a finite alphabet). The name “convo- (CORDIC) algorithm for calculating

lutional code” comes from the fact that the {igonometric functions using only additions
output sequence is a (finite alphabet) convo-544 shift operations.

lution between the input sequence and the
impulse response of the encoder. coordinating unit  Seecoordinator unit
convolutional coding a continuous er-

ror control coding technique in which con- coordination  process of influencing —
secutive information bits are combined al- Y the coordinator — the local units in such
gebraically to form new bit sequences to be @ Way as to make their behavior or deci-
transmitted. The coder is typically imple- sions consistent with the objectives of the
mented with shift register elements. With coordinator unit; coordination can be either
each successive group of bits entering theiterative or periodic; iterative coordination
shift register a new, larger set of bits are cal- plays an essential role in multilevel optimiza-
culated for transmission based on current andion. See alsalirect methodmixed method
previous bits. If for everyt information bits ~ coordination price method coordination
shifted into the shift register, a sequence of

bits are calculated, the code rat&js:. The  coordination by exception  coordination
length of the shift register used for storing performed only in unusual (emergency) situ-
information bits is known as the constraint ations, otherwise the control or decision mak-
length of the code. Typically, the longer the ing is designed to be fully decentralized.
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coordination instrument ~ any means by or removing, permeable shims between the

which the coordinator unit influences behav- coil and copper jacket. The more shims in

ior or decisions of the subordinate (local) place the slowerthe magnetic field dissipates,

units; coordination instruments are often ex- hence the longer the time delay becomes.

pressed interms of vectors of values assumed

by the coordination variables. In the case of copper loss  electric loss due to the re-

price method, the coordination variables aresistance in conductors, windings, brush con-

the prices by which the interaction input and tacts or joints, in electric machinery or cir-

output variables are multiplied. cuits. Also referred to a&’R, the losses are
manifested as heat.

coordination strategy mechanism (algo-

rithm) used to generate the values of the co-coprime 2-D polynomial matrices ~ See

ordination instruments in the course of either cOprimeness of 2-D polynomial matrices

iterative or periodic coordination; in case of

iterative coordination, the convergence andCopPrime 2-D polynomials  Seecoprime-

the speed of convergence of the coordination"€ss of 2-D polynomials

strategy is of main concern; in case of peri- . ) )

odic coordination, other issues are importantcOPrimeness of 2-D polynomial matrices

—_these can be stability of the coordination & mathematical relationship of interest in

process as well as quantitative aspects of thONtrol systems. _
controlled process behavior. A2-D polynomial matrixC (z1, z2) (B(z1,
z2)) is called aright (left) divisor of (z1, z2)

if there exists a matrisB(z1, z2) (C(z1, z2))

coordinatorunit  control (decision) agent
such that

in a hierarchical control structure, being in
charge of decisions (control instruments) in- A(z1, 22) = B (21, 22) C (21, 22)
fluencing operation of the local decision

units; coordinator unit performs either itera- o o_p polynomial matrixR (z1, z2) (L(z1,

tive or periodic coordination of the local de- ) is called a common right (left) divisor of
cisions; coordinator unit is often regarded as 4 (,, ,.), andB(z1, z») ifthere exist two 2-D
the supremal unit of the hierarchical control polynomial matricesA1(z1, z2), B1(z1, z2)

structure. Also called coordinating unit. (A2(z1, 22), Ba(z1, z2)) Such that

copolarized  the plane wave whose po- A (z1,z2) = A1(z1,22) R (21, 22)
larization is the same as that of the reference
plane wave (e.g., radiated wave from an an-and
tenna) is said to be copolarized (otherwise it

is crosspolarized). B (z1,22) = B1 (21, 22) R (21, 22)

(A (z1,z2) = L (z1,72) A2(z1, 22)
copper jackettimer  a magnetic time-off and
timer that can be used in definite time DC
motor acceleration starters and controllers. B (z1,22) = L (z1,22) B2(z21, 22))
The copper jacket relay functions by slowing
the dissipation of the magnetic field whenthe A 2-D polynomial matrix P(z1, z2),
coil is turned off. After a certain amount (Q(z1, z2)) is called greatest common right
of time the spring tension on the contac- (left) divisor of A(z1, z2) and B(z1, z2) if
tor overcomes the strength of the dissipat- P(z1,z2) (Q(z1,z2)) iS a greatest right
ing magnetic field — and causes the con- (left) divisor of A(z1, z2) and B(z1, z2) and
tacts to change state. Time delays with theany common right divisor ofA(z1, z2) and
copper jacket timer are adjusted by adding, B(z1, z2) is a right divisor ofP(z1, z2).

©2000 by CRC Press LLC



2-D polynomial matriced (z1, z2), B(z1,
z2) are called factor right (left) coprime if
their greatest common right (left) divisor
is a unimodular matrixU (z1, z2) (nonzero
detU(z1,z2) € R).

2-D polynomial matricesA € RP*™
[21,22], B € RP*™ [z1,22) (p+qg = m = 1)

are called zero right coprime if there exists a

pair (z1, z2) which is a zero of alln x m
minors of the matrix| 4 |. The minor co-

primeness of two 2-D polynomial matrices
implies their factor coprimeness.

coprimeness of 2-D polynomials amath-
ematical relationship of interest in control
systems.

A 2-D polynomial

ny ni
Pz =) ai(z)th=)Y a;(z2)z]
i=0 j=0

is called primitive ifa; (z1), i =1,2,...,n2
anda;(z2),j = 1,2,...,n1 are coprime
(have not a common factor). Two primitive
2-D polynomials are called factor coprime if

their greatest common divisor is a constant.

The primitive 2-D polynomials

a(z1,z2) = any (z2) a(z1, z2)
= an, (z1) d (21, 22)
b (21, 22) = by (22) b (21, 22)
= bu, (21) b (21, 22)
a(z1,22) = 24+ ang 1 4
+aizi+ao (a; = a; (z2)
a(21,22) = 22 + lpp12? T4
+a1z2+do (ai = ai (z1))
b(z1,22) = 44 + bpy12i 4
+biz1+bo (b = bi (z2))

7 m 7 mp—1
b(z1,72) = 257 + bmy—125°

+ b1zo + bo (51' =b; (Zl))

are factor coprime if and only if

det [B™ + Gy, 1B 71 4. ..
+ a1B + aoly,| #0
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and
det [é"Z +ap, 1B 4
+ a1B + &olmz] £0
or
det [A™ + by, 1 AL 4.
+ b1A + boly, | #0

and
det [A’"Z + b1 AT 4
+ I;1AA + l;OInz:I 7’é 0
where
0 1 0. 0 ]
) 0 0 1 0
A=| ... ... ...
0O 0 0. 1
| —ao —a1 —az ... —dpy—1 |
0 1 0. 0
. 0o 0 1. 0
A= ... ... ...
0O 0 0. 1
__&0 —&1 —&2 _&nz—l
0 1 0. 0
. 0O 0 1. 0
B = e e e ...
000 0. 1
_—bo —b1 —b>o _bml—l
0 1 o0 0
0 0 1 0
B: .« oo cee 99y e
0O 0 O 1
| —bo —b1 —b2 ... —bimy—1
coprocessor aprocessorthatis connected

to a main processor and operates concur-
rently with the main processor, although un-
der the control of the main processor. Copro-
cessors are usually special-purpose process-
ing units, such as floating point, array, DSP,
or graphics data processors.

copy-back in cache systems an opera-
tion that is the same as write-back—a write



operation to the cache that is not accompa-molecules as the dipolesin a structure change
nied with a write operation to main memory. direction of alignment in response to an ap-
In copy-back, the data is written only to the plied alternating voltage, while eddy current
block in the cache. This block is written to losses are resistive loss@&€R), due to cir-
main memory only when itis replaced by an- culating currents in the core.
othe block
core memory See magnetic core
CORDIC  Seeoordinatedrotation digital memory
computer
core-type transformer  a transformer in

core (1) the operating image of a pro- which the magnetic circuit upon which the
cess (sometimes used to refer to the part rewindings are wound takes the form of a single
siding in physical memory), often written to ring. When the coils are placed on the core,
disk if the program crashes (dumping core). they encircle the coreSee als@ore
Since magnetized ferrite rings (cores) were
once used in main memory to store a singlecoriolis forces  forces/torques that depend
bit each. The name remained and now coreupon the product of joint velocities.
memory means the same as main memory,
although currently, main memory is chip- corner cube antenna  a traveling wave
based.See alsanagnetic core memory antenna typically four wavelengths long and

(2) the ferromagnetic portion of a trans- placed 1.2 wavelengths from the apex of a
former or electric machine on which the coils 90-degree corner reflector other used in the
are mounted. Typically made of laminated submillimeter wave and terahertz frequency
magnetic material, encircled by the wind- range for mixers and detectors.
ings, that provides a low reluctance path for
magnetic flux. corner detection the detection of corners,

(3) the central region of an optical fiber. often with a view to locating objects from
The refractive index of the core must be their corners, by a process of inference, in
higher than that of the cladding so that the digital images.
optical power is guided through the fiber by
total internal reflection at the core-cladding corona  a visible glow discharge which
boundary. The core refractive index may be emanates from high-voltage conductorsinre-
constant or may decrease with distance fromgions of extremely high electric field inten-
the axis to the cladding.See alsograded  sity.
indexandstep index optical fiber

(4) the section of a nuclear reactor in corona effect flow of electrical energy
which the chain reaction is contained, com- from a high-voltage conductor to the sur-
prising fuel rods, control rods, moderator, rounding ionized air. This effect only be-

and coolant. comes significant for potentials higher than
1000 V. This effect is characterized by a faint
core lamination ~ Sedamination glow, a crackling noise and conversion of at-

mospheric oxygen to ozone.
core loss loss in the ferromagnetic ma-
terial comprising the core of an electric ma- coronaloss the electric power lostin high
chine or transformer, composed of the sumvoltage lines due to the radiation of energy
of hysteresis losses and eddy current lossesby corona dischargeSeecorona
These magnetic losses are caused by time
varying fluxes in a ferromagnetic structure. corona resistance capacity of a mate-
Hysteresis losses are caused by friction inrial to bear the action of the corona effect.
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This capacity is particularly important for evant equation is
polymeric materials, which have to withstand

. o u*(jw
the chemical degrading effect promoted by g(jw) = %
ozone generated by the corona effe@ee J J
alsocorona effect in terms of the FFTs of the input and output

signals. Thex superscript indicates the com-
corona ring  a toroidal metal ring con- plex conjugate. As the system outplt)
nected to discontinuities on high-voltage generally contains terms in addition to those
conductors to reduce local field intensity and caused by the input(z), its Laplace trans-
thus discourage the formation of corona dis- form is

charge. y(s) = g(s) x u(s) +d(s)

coronal projection  a projection image  pyg the correlation of input and output can
formed on a plane parallel to the chest andeppance the accuracy of the estimate for the
perpendicular to the transverse and Sag'ttalsystem frequency response functiefyo),
planes. since the correlation function then yields

the following estimate of the actual process
corporate feed  also known as parallel ,5qel:

feed, a method of feeding a phased array an- Dy
tennain which the signal from a transmitter is ¢(jw) =g(jw) + M
14V 14V - ;

successively split until there are enough feed- u(joyu*(jw)
linesto carry the signal to each array element.Clearly, the effect of the disturbandst) is
The name comes from the resemblance of thereadily reduced if the input is chosen either
feed structure to the organizational chart of ato be large in amplitude, compared to the dis-
corporation. turbance, or to be pseudo-random so that it

does not correlate with the disturbance and
correction layer  control layer of a mul-  the second numerator becomes zero, by def-
tilayer controller, usually situated above the inition.
direct control layer and below the optimizing  (2) the temporal or spatial function or
control layer, required to make such modifi- sequence resulting from integrating lagged
cations of the decisions supplied by the op- products of two signals, i.e., the products of
timizing layer — before these decisions are a signal with the time-inverted version of a
passed to the direct layer — that some speci-second signal at various relative delays with
fied objectives are met; for example, acorrec-respect to each other. If the two signals
tion layer of the industrial process controller are identical, a maximum correlation output
may be responsible for such adjustment of aamplitude results at full overlapSee also
particular set point value that an important convolution
constraint is satisfied by the controlled pro-
cess variables — in case when the optimizingcorrelation bandwidth the frequency
layer is using inaccurate model of this con- for which the autocorrelation of the transfer
trolled process. function reaches a given threshold, for exam-

ple x% of the central value.
correlation (1) the mathematical opera-
tion of comparing the behavior of two signals correlation coefficient ~a measure of the
to determine how closely they are related. It ability to predict one random variabteas the
is usefully applied to system identification linear function of anothey. The correlation
when the input and output signals of a given coefficient
system are compared by correlation to give E[xy] — E[x]E[y]
the system transfer function model. The rel- p= 0xTy
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satisfies-1 < p < 1, wherelp| = 1implies  correspondence problem the problem of
a deterministic linear relationship between matching points in one image with their cor-
andy, andp = 0 implies lack of correlation. responding points in a second image.
See als@orrelation

corresponding point  a point, in a set of
correlation detector  the optimum struc- Images representing a different view of the
ture for detecting coherent signals in the pres-Same scene, onto which the same physical
ence of additive white Gaussian noise. point in the real world is projected.

corrugated horn  a horn with grooves on
its inner walls. The grooves create the same
boundary conditions on all four walls of the
horn. This results in the elimination of spuri-
ous diffraction at the edges of the horn aper-
ture

correlation function  a mathematical de-
scription that describes the common relation-
ship between two processes. For a single
time dependent quantity, the autocorrelation
function describes the loss of information in
the process description of the quantiyee

autocorrelation functian .
coset leader each possible error pattern

of the code word representing the left-most

correlation peak detector ~ a photodetec- .4 ,mn of the standard array.

tor array that detects and outputs only the

peak in a spatial correlation function. cosine modulated filterbank  afilter bank
with each of its analysis filters and synthe-
correlation receiver  a receiver utilizing  sis filters being the modulation of a low-pass
the autocorrelation or cross-correlation prop- prototype filter by a cosine function. In the
erties of the transmitted signal to detect '[hefrequency domain, it is equivalent to shifting
desired information from the received signal. the low-pass prototype filter by different fre-
A correlation receiver is theoretically equiv- quencies to form a bank of bandpass filters
alent to a matched filter receiver. Correlation covering the entire frequency band.
receivers are often used in spread spectrum
systems and channel measurement systemscosine roll-off filter a filter that has an
impulse response which satisfies the Nyquist
correlation sidelobes the correlation | criterion for zero intersymbol interference.
function other than the peak; particularly The filter has the following transfer function.

where signals are designed to give a sharply 1 o] < 70
peaked correlation function. cod L

H(w) = (\u}\ _ ﬂ(];a))’ 77(17_*00 < ol < 7'[(]-7““7‘)
correlation similarity the (unnormal- 0. DEES &
ized) correlation of two real vectors = \yherer is the transmitted symbol period and
(x0, - -, %x) @nd (yo, ..., ys) is defined as is a parameter that is known as the excess
their inner product: bandwidth (0< « < 1). The casexr = 0

yields the ideal low-pass filter, and the case

n a = 1yields a filter referred to as the raised

C= Zx,-yi. cosine filter.
i=1

cosine transform  a transform that con-

sists of a set of basis functions, which are co-
correlator a circuit that calculates the sine functions. Usually referred to as discrete
correlation function. See alsocorrelation  cosine transform.See alsadiscrete cosine
function transform
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cost function  a nonnegative scalar func- Coulomb is best known for his study of
tion that represents the cost incurred by anelectric charge and magnetism resulting in
inaccurate value of the estimate. Also called Coulomb’s Law, as well as his studies in fric-
penalty function. tion. Coulomb also invented the torsion bal-
ance in 1777. He used this device in many
Costas loop  a carrier synchronization experiments. Coulomb began his career in
loop in adigital communicationsreceiverthat the military, but resigned when the French
uses a quadrature phase detector in place oRevolution began. His experience as a mil-
a conventional square-law device. itary engineer involved him in a wide vari-
ety of different projects. It also gave him
cotree the complement of a tree in a net- time to continue his own experimental work.

work. Coulomb’s law states that the force between
two charges is proportional to the product
Cotton—Mouton effect second-order of the charges and inversely proportional to

anisotropic reciprocal magnetooptic effect the square of the distance between the two

that causes a linearly polarized incident light charges. Coulomb is honored by having his

to transmit through as an elliptically polar- name used as the unit of electric charge, the

ized output light wave when the propagation coulomb.

direction of the incident light is perpendicu-

lar to the direction of the applied magnetiza- counter (1) a variable or hardware regis-

tion of the magnetooptic medium. It is also ter that contains a value that is always incre-

known as magnetic linear birefringence. mented or decremented by a fixed amount,
and always in the same direction (usually in-

Coulomb blockade the situationinwhich  cremented by one, but not always).

a particle has insufficient thermal energy to  (2) a simple Moore finite state machine

allow the necessary energy exchange duringthat counts input clock pulses. It can be wired

a tunneling process. Hence, the bias supplyor enabled to count up and/or down, and in

must supply energy to the electron to accountvarious codes.

for the stored energy change in tunneling,

which requiresV > ¢/2C, whereC is the  counter-EMF  a voltage developed in an

capacitancedV << kBT). electrical winding by Faraday’s Law that op-
poses the source voltage, thus limiting the

Coulomb force  electric force exerted on current in the winding.

an electrically charged body, which is pro-

portional to the amount of the charge and thecounter-EMF starter  atype of DC-motor

electric field strength in which the charged starter that reduces the resistance in the start-

body is placed. ing circuit as the voltage across the armature
rises.

Coulomb’s Law the force of repul-

sion/attraction between two like/unlike counter-propagation learning Seehi-

charges of electricity concentrated at two erarchical feature map

points in an isotropic medium is proportional

to the product of their magnitudes and in- counter-rotating field theory  mathemat-

versely proportional to the square of the dis- ical theory in which a magnetic field with

tance between them and to the dielectric con-stationary spatial direction but sinusoidally

stant of the medium. varying magnitude is decomposed into two
constant-magnitude fluxes rotating in oppo-

Coulomb, Charles  (1763-1806) Born: site directions. The angular velocity, of

Angouleme, France the rotating fluxes equals the time-domain
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angular frequency of the stationary flux, and counterpoise ground  buried conductor
the magnitude of the rotating fluxes is half routed under transmission lines designed to
the magnitude of the stationary flux. Mathe- achieve low earth electrode resistance.
matically, this is described by the following

equation: coupled inductor  two inductors within a
switching converter, which have similar volt-
B cosf sinwt = 0.5B sinwt — 6 age waveforms, are wound on the same mag-
+0.5B sinwr + 6 netic core to steer the ripple from one wind-

ing to another. A typical example is@uk
where the left-hand term represents the time-converter with anisolation transformer where
varying flux magnitude along the spatial di- the input and output inductors are coupled
rections, and the right-hand terms represent with the transformer to provide zero ripple
forward and backward rotating fields of con- at the input and the outputSee alsoCuk
stant magnitude rotating abo@t The fol-  converter
lowing diagram illustrates this relationship.
Resolution of the stationary flux into two ro- coupled line filter  a type of microstrip
tating fluxes allows induction machine per- Or stripline filter that is composed of parallel
formance to be analyzed using standard ro-transmission lines. Bandwidth is controlled
tating field theories. The total machine per- by adjusting the transmission line spacing.
formance is determined from the net result Wider bandwidths are obtained by tighter
of both rotating fluxes. Also called double coupling. A two-port circuit is formed by
revolving-field theory. terminating two of the four ports in either
open or short circuits, which leaves ten pos-
sible combinations. Different combinations
Spatially Stationary are used to synthesize low-pass, bandpass, all
Oscillating Flux - @ pass, and all stop frequency responses.

Constant Magnitude Constant Magnitude i o
Counterclockwise .- clockwise Rotating ~ coupled lines  the electromagnetic field of

Rotating Flux - 0.5¢ -~ ., Flux- 050 two unshielded transmission lines in prox-
' ; imity can interact with each other to form
coupled lines. Usually three conductors are
needed. Examples of coupled lines are cou-
pled microstrip lines and coupled striplines.

Joewt

coupled Riccati equations a set of dif-
The vector sum of the rotating fluxes ferential or algebraic matrix equations of
produces the stationary oscillating flux the Riccati type arising in the jump linear
Counter-rotating field concept. quadratic problem which should be solved
simultaneously. The set of coupled differen-
tial Riccati equations has a form

counter-torque  torque developed in op- )
position to the rotation of a machine. Itis K@ 0 +AG@' K@, 1)+ K@, HA®)
produced as load current flows in the pres- J ) )
ence of and perpendicular to magnetic flux in Z qij K (j. 1) + Q@)
a machine that is generating electric power. =1

— K, z)B(i)R(i)_lB(i)’K(z’, t)=0
counterpoise  a ground wire buried be-
neath an overhead line to lower footing fori € S = {1,2,...,s}, t € [0,T]
impedance. and terminal conditiorK (i, T) = 0 where
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A(@), B(i), Q(i), R(i) are, respectively, sys- most common types are termed fused taper
tem and weighting, state and input matrices inand dichroic.

the mode, andg;; is the transition rate from (2) a device inserted into an optical fiber
modei to j. If the system is stochastically communications link that is used to insert ad-
stabilizable and the paifsi(i), ,/Q(i)) are  ditional optical energy or signals onto the link
observable for ali where,/Q(i) = C(i)  and/or tap off some of the energy or signal
such thatC(i)'C(i) = Q(i), then the solu- on the link to another optical fiber. A cou-

tion K (i, t) is finite for eachi and pler may also be used to combine power from
_ ' . two or more input fibers into one output fiber
T_I'trﬂoo K@i 1) = K@) or to distribute the combined input power to a

Lo ] number of output fibers. Couplers are made
whereKk (i) is the set of solutions to the cou- ;, 1x N, Nx N, andN x M (input) x (output)

pled algebraic Riccati equations: configurations wher&/ andM are the num-
s ber of fibers. The power combining and/or
AGYR () + R()AG) + Zq:ﬂe(j) splitting ratios can vary from 50960% (a 3

dB coupler) in a symmetric 2 2 coupler to

j=1 ) .
> 99%/ < 1% in an asymmetric coupler.

+ Q) — K()BG)R()™*B(i)'K(i) =0
coupling capacitor voltage transformer
(CCVT) apotential transformer that uses

the impedance of a small capacitance to re-
duce the power line voltage to measureable

Coupled Riccati equations are also used in
N-person linear quadratic games. In this
casei = 1,2,..., N is the number of the

player and the set of coupled differential ma-

trix equations has the following form: levels.
KG,t)+AKG, 1)+ K3, DA+ Q=) coupling factor  in a coupler, the ratio of
=N power in the coupled port to that applied at
_KG.0) Z BR(j)"*B'K(j,1) =0 the input port.

=1
/ coupling efficiency the efficiency to

fori € {1,2,..., N}, t € [0, T] and termi-  which asignal can be coupled from one trans-

nal conditionK (i, T) = O whereA, B are,  mission line or resonator to another.

respectively, state and input matrices in the

state equation? (i), R(i) are weighting state coupling field a region of interaction

and input matrices for thieth player, and its  where energy is transferred between systems.

solution defines the gain in a Nash equilib- The energy may be transferred between sys-

rium in the game. tems of a similar nature (i.e., electrical-
electrical) or between systems of a different

coupled wave equations a special case nature (i.e., electrical-mechanical).

of Maxwell's equations describing the prop-

agation of two interacting electromagnetic coupling loss measure of the power dis-

fields in a nonlinear material. For example, sipated as a result of coupling a signal from

in four wave mixing or optical phase conju- one transmission line or resonator to another.

gation, the probe and conjugate fields often

obey coupled wave equations. covariance The expectation ofthe product
of two mean-removed random quantities:

coupler (1) a passive, wavelength-

insensitive, fiber optic component that com- _ [ T]

bines all inputs and distributes them to the Cretn1) = E| f1)e(r2)

outputs with a defined splitting ratio. The — E[f(t)1E[g2)T].
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See alsautocovariancesorrelationvariance  the Cramer-Rao bound with equality forall
it is efficient; if an efficient estimator exists,
it is the maximum likelihood estimatofSee
covertchannel amechanism by means of alsobias maximum likelihood estimatian
which information can be communicated in-
directly despite design features that preventcrash  an incorrect operation of computer
direct communication. Many covert chan- software or hardware leading to temporary or
nels utilize side effects of operations, such permanent loss of part of the data.
as effects on timing or scheduling that can
be seen from programs or processes that ar€RC  Seecyclic redundancy check
not supposed to be direct destinations of any
communications from a sender that in fact CRC character a type of error detection
performs operations that emit signals by af- code commonly used on disk and tape storage
fecting timing or scheduling within the sys- devices. Data stored on a device using CRC
tem. has an additional character added to the end
of the data that makes it possible to detect
CcovQ See channel optimized vector and correct some types of errors that occur
guantization when reading the data back.

cow magnet a long, pill-shaped alnico CRC-code code that employs cyclic re-
magnet that is placed in the second stomachdundancy checkingSeecyclic redundancy
of a cow to capture ferrous debris and preventcheck
it from passing through the digestive system.

CRCW  Seeconcurrent read and concur-
CPA  acronym for compensated pulsed al- rent write
ternator.Seecompulsator

credit assignment problem  during neu-
CPI  Seecolor preference indear cycles  ral network learning, the problem of deter-
per instruction mining how to apportion credit (blame) to

individual components for network behavior
CPMlaser Seeolliding-pulse-modelocked that is appropriate (inappropriate) to the task
laset being learned.

CPU  Seecentral processing unit crest factor  the ratio of the peak value of
a signal to its RMS value.
CPUtime thetimethatisrequiredtocom-
plete a sequence of instructions. It equals toCREW  Seeconcurrent read and exclusive
the (cycle time)x (number of instructions) write.
x (cycles per instruction).
CRF  Seecontrast rendition factor
CR  Seecavity ratia
crisp set in fuzzy logic and approximate
Cramer-Rao bound a lower bound on reasoning, this term applies to classical (non-
the estimation error covariance for unbiasedfuzzy Boolean) sets that have distinct and
estimators. In particular, the estimation error sharply defined membership boundarigee
covarianceA . (x), which is a function of the  alsofuzzy set
unknown quantityx to be estimated, must
satisfyA.(x) > I(x), wherel is the Fisher critical  refers to the state of a chain reac-
information matrix. If an estimator achieves tion which is self-sustaining but which pro-

©2000 by CRC Press LLC



duces just enough free neutrons to compen-+ure display, above which the presented im-

sate for those lost to the moderator and leak-age ceases to give the appearance of flicker-

age. ing. The critical frequency changes as afunc-
tion of luminance, being higher for higher

criticalangle theincidence angle, defined |uminance.

by Snell’'s law, where the incident wave is to-

tally reflected at the interface of two different critical path a Signa| path from a primary

dielectric media. input pin to a primary output pin with the

N longest delay time in a logic block.
criticalband  broadly used to refer to psy-

choaco_usti_c phenomena of limited fre_q_uencyCritical point
resolution in the cochlea. More specifically,

the concept of critical bands evolved in ex-

periments on the audibility of a tone in noise

of varying bandwidth, centered around the
frequency of the tone. Increasing the noise
bandwidth beyond a certain critical value has
little effect on the audibility of the tone.

Seeequilibrium point

critical race  a change in two input vari-
ables that results in an unpredictable output
value for a bistable device.

critical region a set of instructions for

a process that access data shared with other

critical clearing angle (1) following a  Processes. Onlyon_e process may execute the

balanced three-phase fault at the stator terCritical region at a time.

minals of a synchronous machine, the maxi-

mum value of the angular position of the ro- cfitical section  Seecritical region

tor prior to the removal (clearing) of the fault

such that the rotor will obtain synchronous critically sampled  sampling that at the

speed without slipping poles following the Nyquist frequency.

removal (clearing) of the fault. The corre-

sponding time for the rotor to achieve this Crosby direct FM transmitter after its

angle is specified as the critical clearing time. inventor, Murray Crosby. Also known as
(2) the largest allowable angular deviation the “serrasoid modulator.” Direct frequency

from synchronism that may be borne by a modulation (FM) of an inductor/capacitor

power system such that the system remaingLC) oscillator is essentially straightforward:

stable: the edge of instability. One of the frequency determining elements

value is varied in accordance with the base-

critical damping the least amount of pand information.

damping such that the system does not freely

oscillate. For a characteristic equation of the crgss chrominance  NTSC video arti-

form: ) 5 fact that causes luminance information to be
§°+ 20 wns + wy, present in the decoded chroma signal (lu-

the system is critically damped if = 1.0; ~ Minance crosses into chrominance). Cross
the roots of the characteristic equation arechrominance is a result of mixing high
repeated and real. freque_ncy Iummance _mformatlon with the
chrominance information in the composite

critical dimension (CD)  the size (width) ~ Video signal. An example of cross lumi-
of a feature printed in resist, measured at anance is the rainbow pattern observed when

specific height above the substrate. tweed or a herringbone pattern appears in a
TV scene.

critical frequency  the rate of picture pre-
sentation, as in a video system or motion pic-cross color ~ Seecross chrominance
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cross luma  Seecross luminance cross-compiler  a computer program that
translates a source code into machine or as-

cross luminance  NTSC video artifact S€mbly code for a target machine different

that causes chrominance information presenffom the one on which the cross-compiler

in the decoded luma signal (chrominance funs.

crossed into luminance). Cross luminance )

has the appearance similar to a zipper cause§0sS-correlation a measure of the cor-

by the color subcarrier. Television receivers relation or similarity of two signals. For

that use a line combfilter to separate luma and'@ndom processes(s) and y(z), the cross-

chroma signals have cross-luminance com-correlation is given by: Ryy(11,72) =

ponents appearing on sharp horizontal edgesEX(1)y(72). ~ Seewide sense stationary

Television receivers that use a band-pass fil-uncorrelated scattering channel

ter for luma—chroma separation have cross-

chrominance components appearing on sharg"0Ss-correlation function  afunction de-
vertical edges. scribing the degree of similarity between two

signals, as a function of time-shift between

. L the signals See alsa@orrelation function
cross modulation anundesired intermod-

ulation of an electromagnetic carrier wave by
another electromagnetic carrier wave that is
either physically adjacent to it or near it in
terms of its radio frequency.

cross-field theory  a conceptual way to
envision the operation of a single-phase in-
duction motor. The rotor current is assumed
to produce a magnetic field electrically and
spatially orthogonal to the field produced by
cross polar discrimination  the ratio  the main stator winding, thus contributing to
of co-polar to cross-polar received field a rotating magnetic field.

strengths in a depolarizing medium. Usually

expressed in decibels. cross-polarization  the field component
orthogonal to the desired radiated field com-

cross polarisolation theratio betweenthe ponent (co-polar component).

field received by an antenna with one polar-

ization from co-polar and cross-polar trans- cross-quad  the simplest form of the com-

missions. This expresses the receiver’s abil-mon centroid concept, in which two matched

ity to detect one signal when dual-polarized transistors are formed by connecting diago-

signals are transmitted through a depolariz-nally opposite devices in a two-by-two array
ing medium. of transistors.

crossarm  a transverse, generally insu-
éated member mounted horizontally on a util-
ity pole. It carries insulators and allows wide
spacing of overhead conductors.

cross power spectrum  for two jointly
wide sense stationary random processes th
Fourier transform of their cross-correlation.

cross spectra  computation of the energy  crossarm brace  a brace, often insulated,
in the frequency distribution of two different \ynich keeps a crossarm from rotating on its
electrical signals. attachment bolts.

cross-assembler acomputer programthat crossbar switch  a structure that allows
translates assembly language into machineN units to communicate directly with each
code for a target machine different from the other, point to point. Which pairs are con-
one on which the cross-assembler runs. nected depends on how the switch is config-
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ured at that point in time. Crossbars are usu-crowbar  atriggered, shunt device that di-
ally implemented for small (8 or less) hum- verts the stored energy of the beam power
bers of nodes, but not always. supply.

crossed field devices (CFD) radialorlin- CRR ~ Seecochannel reuse ratio

ear forward traveling wave amplifier or back-
ward wave oscillator where radial or trans-
verse DC accelerating electric fields are per-
pendicular to axial or longitudinal DC mag-
netic fields, respectively.

CRT  Seecathode ray tuhe

crystal filter reference amplifier a
generic phrase that refers to a cascade of am-
plifying stages coupled together with the aid

. of crystal filter networks. Various topolo-
crossing number  the even number ob-  giaq a6 available for the connection of these
ta.uned by adding t'he number of change; 'ncrystals (lattice, bridged, hybrid, and ladder).
binary value on going once around a particu- tne otstanding feature of such an arrange-
lar p_ixe_l location; crossing number is useful ment is that the amplitude versus frequency
for finding skeletons of shapes and for help- 54 phase versus frequency characteristics

ing with their analysis: itis a measure of thé 5.¢ egsentially determined by the crystal ar-
number of ‘spokes’ of an object emanating rangements.

from a specified location.

crystal oscillator an electronic circuit
crossmodulation modulation of a desired used for generating a sinusoidal waveform
carrier by an undesired interfering signal due whose frequency is determined by a piezo-
to interaction of the two signals in one or electric crystal device.
more nonlinear elements.

crystalline phase in crystalline materials

crossoverfrequency  the frequency where the constituent atoms are arranged in regu-
the magnitude of the open-loop gain is 1. lar geometric ways; for instance in the cubic
phase the atoms occupy the corners of a cube

. _ (edge dimensionss 2—15A for typical ox-
crossover point  a crossover point of & jgeq)

fuzzy setA is the point in the universe of

discourse whose membershipAris 0.5. CSI  Seecurrent-source inverter

crosspoint  a point at which two overlap CSIM  Seecapacitor-startinduction motor
neighboring fuzzy sets have the same mem-
bership grade.
CSMA Seearrier-sense multiple access
crosspointlevel the membership grade of . o .
a fuzzy set at a crosspoint. CSMA-CA  CSMA with collision avoid-
ance, a modification of the CSMA multiple
. . . access protocol to make it suitable for useina
grosstalk . .(1) undeswed coupling (res[s- radio environment. Prior to the transmission
tive, gapamtlve, or_mc_;luctl_ve) from one sig- of a message, a source and destination node
n_al wire or transmlss_lon Ilne_ to a colocated undertake an exchange of short messages to
signal wire or transmission line. ensure that the destination node is idle and
(2) capacitative interference between two capable of receiving a transmission from the
parallel transmission lines, in which a signal source nodeSee alsa@arrier-sense multiple
on one line affects a signal on the other line. access
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CSMA/CD  CSMA with collision detec-  Cuk converter  named after its inventor,
tion. A modification of the CSMA protocol, SlobodarCuk, this device can be viewed as a
where a user continues to monitor (sense) theboost converter followed by a buck converter
channel after it initiates its transmission to with topologic simplification. A capacitor is
determine if other terminals have also initi- used to transfer energy from the input to the
ated transmissions. The terminal aborts theoutput. The output voltage, is related to
transmission if it detects a collision. This the input voltage; by v, = v;d/(1—d) and
protocol is used in the local area network it can be controlled by varying the duty ratio
specified in the standard IEEE 802.3, which d. Note that the output voltage is opposite
defines a local area computer network com-polarity to the input.

monly referred to as the Ethernebee also

carrier-sense multiple access

CSO Seecomposite second order L

CSR  Seecontrolandstatus register Vin [ “ c:

1
MWA~
o

-~

CT  Seecurrent transformer
Cuk converter.

CT2 (cordlesstelephone, 2nd generation).

A digital cordless communication system de-

veloped in the United Kingdom, which oper- cumulative distribution function (CDF)

ates in the 864-868 MHz band and can pro-for arandom variablg, the probability thax

vide both private and public cordless tele- is less than or equal to some valualenoted

phony services. CT2-based public telephony Fy (x). Fx(—o0) is zero and increases mono-

services are often described as Telepoint sertonically to Fx(+o00) = 1. For a continuous

vices(g.v.). CT2 systems have 40 radio chan-probability density functiorp(x), the CDF

nels, each 100 kHz wide. Each radio channelis

provides a duplex traffic channel using sim- x

ple “ping-pong” TDD. The carrier bit rate Fx(x) = [oop(t)dt.

is 72 Kb/s, and CT2 terminals have a peak

transmit power of 10 mW. The CDF is used in image processing to
carry out histogram equalizationSee also

CTB  Seecomposite triple beat histogram equalizatignprobability density
function

CTE Seecoefficient of thermal expansion

mismatch cumulatively compounded acompound-
wound DC machine in which the flux pro-

CU  Seecoefficient of utilization duced by the MMF of the shunt field wind-
ing and the flux produced by the MMF of the

cubic voxel Seevoxel. series field winding are in the same direction.

cubical quad antenna  a parasitic array Curie temperature the temperature

antenna in which the elements are made ofabove which a material ceases to be mag-
square loops of wire with a perimeter of one netic; atthis temperature aferromagnetic ma-
wavelength. These antennas are typicallyterial becomes paramagnetic.

used in the HF or VHF range and usually

have only two or three elements, resulting in current  the flow of charge, measured in
astructure thatfills aroughly cubical volume. amperes (1 ampete 1 coulomb/s).
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current density vector field the field stantial voltage across the fuse following the
(commonly denoted) that is related to the melting of the fuse element.

electric field intensity vector field by the con-

ductivity of the medium that the fields are lo-

cated in. One of the quantities found on the
right side of Ampere’'s Law. The units are

(amperes/square meter).

current mirror a configuration of two
matched transistors in which the output is a
current that is ideally equal to the input cur-
rent. In the case of a BJT current mirror,
the collector of the first transistor is forced
to carry the input current. This establishes
a corresponding base-emitter voltage, which
is applied to the second transistor. If the two
devices are matched, then the collector cur-
rent of the second transistor will equal that of
the first transistor, thus “mirroring” the input
current. This is a commonly used configura-
tion in integrated circuits, which can take ad-

large inductor is used to maintain a nearly ¢ ftheinh tmatchi ilable b
constant current on the DC side which is then L 2-29€ OThe inherent matching avaiiable by
fabricating the two transistors in close prox-

directed to the load in an alternating fashion . it t h oth
by the use of switching elements. Imity to each other.

current distribution factor in economic
dispatch studies, the proportion of a power
line’s total current which is contributed by a
particular generating plant.

current fed inverter  an inverter in which
the current is switched instead of the voltage
to create AC current from a DC source. A

current feedback op-amp an op-amp in  current regulator  a device used to con-
which the output voltage is controlled by the trol the magnitude and phase of the current
current in the input stage, rather than thein DC, AC or other electrical variable speed
voltage. The advantage of the current feed-drives. May use different control strategies
back op-amp is that (to first order) its closed- like hysteresis current control or ramp com-
loop performance is not subject to the gain- parison current control.

bandwidth tradeoff that affects voltage feed-

back op-amps. current source amplifier  the most com-

mon group of amplifiers is made up of cur-
rent sourcing amplifiers, in which the active
device acts as a modulated current source.
All class A, B, A-B, and C amplifiers fit into
this general group. Parameters such as device
characteristics, quiescent bias point, RF load
line, and amplitude and waveform of the ap-
Toutpk plied signal should be included with the class
definition, thus defining the major contribu-
tors to the physical actions taking place in
one of these amplifiers.

current gain short-circuit current gain
that helps describe the physical operation of
the transistor. The current gain is the di-
mensionless ratio of the peak RF output cur-
rent (loutpy to the peak incident RF current
(Zincident.py- Hence, current gairGy is

Gy = —
Iincident.pk

currentlimiting  the output currentis lim-
ited to a preset level even under a shorted .

o . . current source inverter  Seecurrent fed
output condition. This can be accomplished .

. inverter.
by reducing the output voltage to prevent the
current limit from being exceeded.
current source region  region of the I-

current limiting fuse a fuse that limits  V curve(s) of a device in which the output
the level of fault current from that which is currentis relatively constant (slope near zero)
available. It operates by developing a sub-for changing output voltage.
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currenttransducer adevice usedto mea- take turns providing the conducting path for
sure current in a variety of applications in- the current sources, and the current in the
cluding variable speed drives. May give out a timing capacitor changes direction each half
current proportional to the measured currentof the period. If the current sources are
or avoltage proportional to the measured cur-controlled by an external voltage, the circuit
rent. Electrical isolation may be obtained by becomes a voltage-controlled multivibrator.
using a current transformer (cannot be usedCurrent- and voltage controlled multivibra-
at DC) or a hall effect transducer that can betors are a vital part of phase-locked loops and
used down to DC. frequency synthesizers.

current transformer (CT) (1) atrans- current-limiting device  when operating
former that is employed to provide a sec- within its current-limiting range, a current-
ondary current proportional to primary cur- limiting device is open in 0.25 cycle or less
rent flowing. The primary “winding” is of- and limits the maximum short-circuit cur-
ten created by passing the system conductorent to a magnitude substantially less than
or bus bar through an opening in the devicethe short-circuit current available at the fault
and the secondary is typically rated at a stan-point.
dard value to match common meters and dis-
play units. Current transformers are used incurrent-mode control  the inductor cur-
current measurement, protective relays, andrent is sensed to control the pulse width.
power metering applications. The load (me- The switch is turned on by a constant fre-
ter) on a CT should never be removed without quency clock and turned off when the in-
first shorting the secondary of the CT, oth- ductor current reaches the control reference.
erwise dangerous voltage levels may resultThis method produces subharmonic oscilla-
when the load is removed. tions if the steady-state duty ratio is greater
(2) a device which measures the instanta-than or equal to 0.5. An artificial stabilizing

neous current through a conductor of an elec-ramp is necessary to achieve stable control
tric power line and transmits a signal propor- over the full range of duty ratios. When the
tional to this current to the power system’s slope of the ramp is equal to the falling slope
instrumentation. of the inductor current, one cycle response is

achieved. (i.e., the input perturbations are re-
current unit  a protective relay that mon- jected, and the current reference is followed
itors the magnitude of a power transmission within one cycle).
line’s current flow.

current-source inverter (CSI) an in-
current withstand rating the current verter with a DC current input. Current-
withstand rating of a device is the maximum source inverters are most commonly used in
short term current that can flow in the device very high power AC motor drives.
without causing damag&eeampacity

cursor (1) the symbol on a computer
current-controlled multivibrator ~ amul-  screen that indicates the location on the
tivibrator with oscillation period controlled screen that subsequent input will affect.
by the current that is charging and discharg-  (2) a movable, visible mark used to indi-
ing a timing capacitor. Most of the circuits cate aposition of interest on adisplay surface.
are based on two symmetric controlled cur- (ANSI).
rent sources connected by a timing capaci-
tor, and a steering circuit (connected betweencurvature  a geometric property that de-
power supply voltage and this capacitor), scribes the degree that a surface or a curve is
which includes two switches. The switches bent. The curvature of a curve is the magni-
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tude of the rate of change of the unit tangentCVD  Seechemical vapor deposition

vector with respect to arc length. The curva-

ture of a surface is given in terms of a metric CVQ  Seeclassified vector quantization

tensor which embodies two principal (pla-

nar) curvaturesg; andkp. The curvature of CW  Seecontinuous wave

a surface is sometimes characterized by the

so-called Gaussian curvature= k1«2. cybernetics (1) the field of control and
communication theory in general, without

curvature function  a function that gives  specific restriction to any area of application

curvature values at different locations of a Or investigation.

curve or surface. (2) the behavior and design of mecha-
nisms, organisms, and/or organizations that

cut-off frequency the minimum fre- receive and generate information and re-

guency atwhich awaveguide mode will prop- Spond to it in order to obtain a desired result.

agate energy with little or no attenuation.
cycle Seeclock cycle

cut-off rate  a measure of reliability of a . . )
channel. At information rates below the cut- CYcle stealing an arrangement in which
off rate, the probability of error averaged over @ DMA controller or 1/O channel, in order
the ensemble of randomly selected codes cari© US€ the I/O bus, causes the CPU to tem-
be forced to zero exponentially with the block Prarily suspend its use of the bus. The CPU
length (for block codes), or constraint length IS Said to hesitate See alsalirect memory
(trellis codes). The cut-off rate is less than or 3CC€SS

equal to the channel capacity. Also known
as the computational cut-off rate, since for
trellis codes, it is at this rate that the ex-
pected number of computations required to
perform sequential decoding becomes un-
bounded

cycletime time required to complete one
clock cycle (usually measured in nanosec-
onds).

cycles per instruction (CPI)  a perfor-
mance measurement used to judge the effi-

cut-off wavelength  the wavelength above ciency of a particular design.

which a fiber exhibits single mode operation
(and below which exhibits multimode oper-
ation).

cyclic access in devices such as magnetic
and optical disks (and older bubble memo-
ries) that store data on rotating media, the
property that any individual piece of data can
be accessed once during each cycle of the me-
dia.

cutoff frequency  Seecut-off frequency

cutoff rate  Seecut-off rate

cyclic code alinear block code where ev-
cut-out  a pole-mounted device which ery cyclic shift of a codeword is another code-
contains a high-voltage fuse integral with word in the same code. This property is an
a disconnect switch. It is used to protect outcome of the significant algebraic structure
and disconnect primary circuits in distribu- that underlies these codes.
tion work.

cyclic redundancy check (CRC) (1)
cutset aminimal subnetwork, the removal is used to detect transmission errors over
of which cuts the original network into two communication channels in digital systems.
connected pieces. When using the CRC technique, the modulo-
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2 sumof themessageits is calculatedafter
groupingthemin a specialway andthenap
pendedo thetransmittedmessag@andused
by the receiverto determineif the message
wasreceivedcorrectly. The numberof bits
usedn theCRC-sumis typically 8 or 16,de-
pendingonthelengthof themessagandthe
desirederror-detectiorcapability.

A valuecalculatedrom ablock of datato
be storedor transmittedwith the datablock
asacheckitem. CRCsaregeneratedisinga
shiftregistemwith feedbackandaredescribed
by thelengthof theregisterandthefeedback
termsused.

(2) a codingschemefor detectingerrors
in messages.Given a polynomial C(x) of
orderc — 1, andanm-bit message/ (x) rep-
resentedas a polynomial of orderm — 1,
calculate R(x) = (x°M(x))/C(x), then
constructthe transmittedmessagel’ (x) =
(x“M (x)) ® R(x) whichis exactlydivisible
by C(x). SupposingE (x) representanyer
rors introducedduring transmissionthe re-
ceiver calculates(T (x) + E(x))/C(x). If
thisis notzero, E (x) is non-zercandthere-
ceivedmessagés erroneouslf thisis zero,
eitherno errorswereintroducedor E(x) is
suchthattheCRCis notstrongenougho de-
tecttheerror. A suitablechoiceof C(x) will
makethis unlikely.

cycloconverter a frequency changing
converterthat synthesizedower frequency
sinewavesromportionsof apolyphasesetof
higherfrequencysinewaves. For example,
athree-phase400Hz input couldbeusedto
createa 60 Hz supply of any desiredphase
order.

cyclotron frequency afrequencyof elec

tron oscillationin a cyclotron. A frequency
of circularmotionof anelectronundermag

netic fields applied perpendicularlyto the
planeof the circularmotion.

cylinder a stack of trackswherethese
tracksare at a constantradial position (the
sametracknumber)on a disk or disk pack.
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cylindrical extensionof afuzzyset letA

beafuzzysetin aCartesiaproductspaceX’,

and X" be anotherCartesiamproductspace
including X’, thenthe cylindrical extension
of A in X" is afuzzy setin X", denotedas
cext(A; X™), with membershigunctionde-

fined equalto membershign X’. Seealso
fuzzy set membershigfunction, projection
of afuzzy set

cylindrical lens  alensthathascurvature,
or optical focusingpower, in one direction
only.

cylindrical microstrip line  structurethat
consistsof an angularstrip on a cylindrical
groundplaneseparatedy a dielectric sub
strate. The cylindrical conductoractsasa
ground plane, the angularstrip guidesthe
electromagnetigvavealongthelongitudinal
direction.

cylindrical stripline  theangularstripin

the homogeneousnedia betweenthe two

cylindrical conductors.Theinnerandouter
conductorsactasgroundplanestheangular
strip guidesthe electromagnetigvavealong
thelongitudinaldirection.

cylindrical wave an electromagnetic
wave in which eachwavefront (surfaceof
constantphase)orms a cylinder of infinite
lengthandpropagates towardorawayfrom
the axis of the cylinder. A uniform cylin-
drical wave hasthe sameamplitudeoveran
entire wavefront; a nonuniform cylindrical
wavehasvaryingamplitude.

cylndrical-rotor machine asynchronous
machinewith a cylindrical rotor containing
adistributedfield windingandanessentially
uniformair-gap. Thisdesigrslimited totwo
andfour polemachineg3600and1800rpm
at60 Hz) andis usuallyusedin largegener
ators. Seealsosalient-polerotor machine

A
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will be passed through a device if that de-
vice is not requesting service, or not passed

through if the device is requesting service.
D (3) an interrupt-prioritizing scheme in

which the interrupt acknowledge signal from
the CPU is connected in series through all
devices. A shared interrupt-request line con-
nects all devices to the CPU with a single
) ) ) .. common line. When one (or several) devices
D flip-flop  a basic sequential logic cir- 5 ivates its request line, the CPU will (af-
cuit, also known as blstable_, whgse outputor some delay) respond with an acknowl-
assumes the value (0 or 1) atits D input when g6 14 the first device. If this device did re-
the device is clocked. Hence it canbe used agy st an interrupt, it will be serviced by the
a single bit memory device, or a unitdelay. cpy, However, if the device did not request
an interrupt, the acknowledge is just passed
through to the next device in the daisy chain.
This process is repeated until the acknowl-
edge signal has passed through all the con-
nected devices on this chain. The scheme
implements prioritized service of interrupts
by the way the devices are electrically con-
nected in the daisy chain: the closer a device
is to the CPU, the higher its priority.

A more general case exists where several
daisy chains are used to form priority groups,
Dahlin’s method  a synthesis procedure Where each chain has a unique priority. The
for finding a digital control law that will pro-  CPU will service interrupts starting with the
duce a defined closed loop behavior for ad@isy chain having the highest priority. In
given process, when itis controlled in a feed- this scheme, any device may be connected to

back configuration. The synthesis equation™re than one priority group (chain), using
is the interrupt priority level appropriate for the

particular service needed at this moment.

d axis Seedirect axis

D’Arsenval meter  a permanent-magnet
moving-coil instrument with a horseshoe
formmagnet. It measures direct current only.

D-TDMA Seedynamic time division
multiple access

D/A  Seedigital-to-analog converter

DAC  Seddigital-to-analog converter

(1 _ efr/x) ~N-1

kz) = 1—e Tzl (1—¢-T/4)z=N-1 DAMA protocol See demand assign
1 multiple access protocol
8(2)

damage thefailure pattern of an electronic

wherek(z) is the pulse transfer function for ©F mechanical product.
the synthesized controll€F, is the sampling
time of the digital control loop) is the time ~ damped sinusoid  a sinusoidal signal mul-
constant specified for the closed loop system tiplied by a decaying. An example igr) =
NT is the process deadtime, apt) is the 10~ cos(10r).
pulse transfer function for the process.

damper winding an uninsulated wind-
daisy chain (1) atype of connectionwhen ing, embedded in the pole shoes of a syn-
devices are connected in series. chronous machine, that includes several cop-

(2) a hardware configuration where a sig- per bars short-circuited by conducting rings

nal passes through several devices. A signaht the ends, used to reduce speed fluctuation
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in the machine by developing an induction- leader typically propagates down the residual
type torque that opposes any change in speedchannel of the previous stroke.

damping acharacteristic builtinto electri- dashpot timer  a fluid time-on timer that

cal circuits and mechanical systems that Pre-can be used in definite time DC motor accel-

vents "’?p'd or excessive correct|ons.t.hat M3Yeration starters and controllers. The dashpot
lead to instability or oscillatory conditions.

timer functions where a magnetic field forces
a piston to move within a cylinder when the
coilisenergized. The movementofthe piston
is limited by fluid passing through an orifice
on the piston. The amount of fluid passing

fthe PLL to track an inout sianal step. U through the orifice is controlled by a throttle
otthe otrackan Inputsighaistep. LSU- 4,6 "which in turn determines the amount

ally used to indicate the amount of overshoot ¢ ... delay. After the fluid pressure equal-

{)hrgsiﬁgal[n the outputto a step perturbation iNjeq across the piston, movement stops and

contacts change state. The fluid can either
be air (pneumatic dashpot) or oil (hydraulic
dashpot). When the timer is deenergized, a
check valve allows the pressure to equalize
across the piston rapidly, thereby causing the
contacts to change state “immediately.”

damping coefficient electrical torque
component in phase with the rotor speed.

damping factor  a measure of the ability

damping ratio  the ratio of the real part of
the resonant frequency to the undamped res
onant frequency, in a second-order system.

dark current  a noise source in photode-
tectors, corresponding to undesired output
signals in the absence of light. The main data  any information, represented in bi-
source of dark currents are ohmic leakagenary, that a computer receives, processes, or
due to imperfect insulation and thermionic Outputs.

emission.

i data access fault a fault, signaled in the
darkfield performance  the amount of rocessor, related to an abnormal condition

when a totally dark scene is being displayed.

This parameter is critical to good contrast ra-

tio. data acquisition (1) method used for cap-

turing information and converting itto a form

Darlington bipolar junction transistor suitable for computer use.

a combination of two bipolar jUﬂCtiOﬂ tran- (2) process of measuring real-world guan-
sistors (BJT) where the emitter current of tities and bringing the information into a
one transistor drives the base of the seconctomputer for storage or processing.
transistor. The arrangement reduces the cur-

rent required from the base driver circuit, and .

the effective current gain of the combination _data bottleneck a computer calculation

is approximately the product of individual in which the Spe?d of calc_:ulation s limited
gains. The configuration can be made from by the rate at which data is presented to the

two discrete transistors or can be obtained ag’r°¢€SSOr rather than by the intrinsic speed of
a single integrated device the processor itself. Ultra high speed parallel

processors are very frequently limited in this

dart leader  in lightning, a continuously way.

moving leader lowering charge preceding a
return stroke subsequent to the first. A dartdata buffer  Seebuffer.
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databus setofwiresortracks onaprinted data path the internal bus via which the

circuit or integrated circuit that carry binary processor ships data, for example, from the

data, normally one byte at a time. functional units to the register file, and vice
versa.

data cache a small, fast memory that o ) .
holds data operands (not instructions) thatda!@ pipeline — a mechanism for feeding a
may be reused by the processor. Typical datzStream of data to a processing unit. Data is

cache sizes currently range from 8 kilobytes PiPelined so that the unit processing the data
to 8 megabytesSeecache does not have to wait for the individual data

elements.

data communications equipment (DCE) 4¢3 preprocessing  the processing of data
a device (such as a modem) that establishesyetore it is employed in network training.
maintains, and terminates a session on a netre ysyal aim is to reduce the dimensionality
work. of the data by feature extraction.

data compressiontheorem Claude Shan- data processing inequality information

non’s theorem, presenting a bound to the op-theoretic inequality, a consequence of which

timally achievable compression in (lossless) is that no amount of signal processing on a

source coding. See alsdShannon’s source signal canincrease the amountof information

coding theorem obtained from that signal. Formally stated,
for a Markov chainX — Y — Z,

data dependency the normal situation in
which the data that an instruction uses or pro-
duces depends upon the data used or prope condition forequality isthat(X; ¥|Z) =
duced by other instructions such thatthe in-q i o ¥ _, 7 _ v is a Markov chain.
structions must be executed inaspecificorder

to obtain the desired results. data reduction coding system any al-
gorithm or process that reduces the amount

data detection in communications, a of digital information required to represent a

method to extract the transmitted bits from digital signal.

the received signal.

I(X;Z) = I(X;Y)

data register a CPU register that may be
data flow architecture  a computer ar- used as an accumulator or a buffer register or

chitecture that operates by having sourceds indexregisters in some processors. In pro-
operands trigger the issue and execution ofc€SSOrs of the Motorola M68000 family, data

each operation, without relying on the tra- _registers are separate from address registers

ditional, sequential von Neumann style of In the CPU.

fetching and issuing instructions. _ ,
data segment the portion of a process

virtual address space allocated to storing and
accessing the program data (BSS and heap,
and may include the stack, depending on the
definition).

data fusion  analysis of data from mul-
tiple source — a process for which neural
networks are particularly suited.

data logger a special-purpose processor data stripe  storage methodology where

that gathers and stores information for later data is spread over several disks in a disk
transfer to another machine for further pro- array. This is done in order to increase the
cessing. throughput in disk accesses. However, la-
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tency is not necessarily improve&ee also quence by a program counter as in a tradi-
disk array tional von Neumann computer. More than
one processor is present to execute the in-
data structure  a particular way of orga- structions simultaneously when possible.
nizing a group of data, usually optimized for
efficient storage, fast search, fast retrieval,Daubechies wavelets a class of com-
and/or fast modification. pactly supported orthogonal and biorthog-
onal wavelets, first proposed by Ingrid
data tablet  a device consisting of a sur- Daubechies, that can be obtained by impos-
face, usually flat, and incorporating means ing sufficient conditions on wavelet filters.
for selecting a specific location on the sur-
face of the device and transmitting the coor- daughter board  a computer board that
dinates of this location to a computer or other provides auxiliary functions, but is not the
data processing unit that can use this infor-main board (motherboard) of a computer sys-
mation for moving a cursor on the screen of tem (and is usually attached to the mother-
the display unit. board).

data terminal equipment (DTE) ade- dB  Seedecibel

vice, such as a subscriber's computer, Ex- ) )
change workstation, or Exchange central sys-dBC  ratio of the signal power) to a ref-

tem. that controls data flow to and from a €rénce signal powepfe), usually the mod-

computing system. It serves as a data SourceL,Jlatlon carrier signal, expressed in decibels

data sink, or both, and provides for the data€férenced to a carrier (dBc). Thus a har-
communication control function accordingto Monic signal that is 1/100th of the power in

protocols. Each DTE has an address that is2 desired fundamental signal is-a20 dBc.
a 12-digit number uniquely identifying the p
subscriber’s connection to the network. DTE Pypa = 1010go <—>
termis usually used when referring to the RS- Pref
232C serial communications standard, which
defines the two end devices of the communi-dBm  Power ratio in decibels referenced
cations channel: the DTE and the DCE (datatg 1 milliwatt.
communications equipment). The DCE is
usually a modem and the DTE is a UART DBS Seedirect broadcast satellite
chip of the computer.
DBS receiver  electronic assembly that
data-oriented methodology an applica- accepts as input a microwave signal from a
tion development methodology that consid- satellite, containing transmitted TV signals
ers data the focus of activities because datd'modulated” onto the signal. The receiver
are more stable than processes. first amplifies the low-level signal, then pro-
cesses the signal by first converting it to a
database computer a special hardware lower “IF” frequency and then demodulating
and software configuration aimed primarily the signal to separate the TV signals from
at handling large databases and answeringhe microwave carrier signal. A basic way of
complex queries. looking at the relationship of the microwave
carrier to the TV signal is to think of the car-
dataflow computer  a form of computer rier signal as an envelope with a message
in which instructions are executed when the letter inside. The message letter is the TV
operands thatthe instructions require becomesignal. Demodulation is the process of care-
available rather than being selected in se-fully removing the message from the enve-
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lope (carrier). The noise figure of receiver
is a measure of the amount of noise that will

be added to the signal (carrier and TV signal)
by the receiver. If the receiver adds too much

noise, the result will be a snowy picture on
the TV screen.

dBW ratio of the signal power in watts
(pwatts) t0 @ 1 Wreference power, expressed
in decibels referencedtl W (dBW). Thus

1 watt signal power is equal to 0 dBW, and
—30 dBW is equal to 0 dBm.

DC direct current. SeeDC current DC
voltage

Pwatts

Pipw = 10I0g10 (—1. Wats

DCblock  Acircuitsimulation component
that behaves like a capacitor of infinite value.

DC chopper a DC to DC converter that

to source voltageWps) for a fixed gate to
source voltageW;s), expressed in siemens.

_ dlps
9VDps |y, = constant

DC generator commutator exciter a
source of energy for the field winding of a
synchronous machine derived from a direct
current generator. The direct current gen-
erator may be driven by an external motor,
a prime mover, or by the shaft of the syn-
chronous machine.

DC input power the total DC or bias
power dissipated in a circuit, which is usually
dependent on signal amplitudes, expressed
in watts. This may include input bias, bias
filtering, regulators, control circuits, switch-
ing power supplies and any other circuitry
required by the actual circuit. These con-
siderations should be explicitly specified, as
they will affect how efficiency calculations

reduces the voltage level by delivering pulses 5, performed.
of constant voltage to the load. The average

output is equal to the input times the duty
cycle of the switching element.

DC circuit electrical networks in which
the voltage polarity and directions of current
flow remain fixed. Thus such networks con-

DClink the coupling between the rectifier
and inverter in a variable speed AC drive.

DC link capacitor  a device used on the
output of a rectifier to create an approxi-
mately constant DC voltage for the input to

tain direct currents as opposed to alternatingthe inverter of a variable speed AC drive.

currents, thereby giving rise to the term.

DCcurrent constant current with no vari-

DClinkinductor  aninductor used on the
output of a controlled rectifier in AC current

ation over time. This can be considered in source drives to provide filtering of the input

general terms as an alternating current (AC)current to the current source inverter. If used

with a frequency of variation of zero, or a in conjunction with a capacitor, then itis used

zero frequency signal. For microwave sys- as a filter in voltage source drives.

tems, DC currents are provided by batteries

or AC/DC converters required to “bias” tran- DC load flow a fast method of estimating

sistors to a region of operation where they power flows in an electric power system in

will either amplify, mix or frequency trans- which the problem is reduced to a DC circuit,

late, or generate (oscillators) microwave en-with line impedances modeled as resistances

ergy. and all generator bus voltages presumed to
remain at their nominal values.

DCdrain conductance foranFET device

under DC bias, the slope of the output drain DC machine an electromechanical (rotat-

to source current/ys) versus output drain  ing) machine in which the field winding is on
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the stator and carries DC current, and the ar-the video by establishing the DC level of the

mature winding is on the rotor. The current sync tips.

and voltage in the armature winding is actu-

ally AC, but it is rectified by the commutator DC servodrive afeedback, speed control

and brushes. drive system used for position control. Ser-
vos are used for applications such as robotic

DC motor  a motor that operates from a actuators, disk drives, and machine tools.

DC power supply. Most DC motors have a

field winding on the stator of the machine DC test tests that measure a static param-

that creates a DC magnetic field in the airgap.eter, for example, leakage current.

The armature winding is located on the rotor

of the machine and the DC supply is inverted DC to RF conversion efficiency ~dimen-

by the commutator and brushes to provide ansionless ratio of RF power delivered to the

alternating current in the armature windings. load (pou) versus total DC input power dis-
sipated in the amplifier(p¢). With the DC

DC motor drive  a converter designed to to RF conversion efficiency given mypc

control the speed of DC motors. Controlled we have

rectifiers are generally used and provide a npc =

variable DC voltage from a fixed AC volt- Ppc

age. Alternatively, a chopper, or DC-DC

converter, can be employed to provide avari- DC transconductance for an FET de-

able DC voltage from a fixed DC voltage.  vice under DC bias, the slope of the out-
put drain to source currerifpg) versus in-

DC offset current  the exponentially de- put gate to source voltag&s) for a fixed

caying current component that flows imme- drain to source voltageVjps), expressed in

diately following a fault inception. DC off- siemens. Given by,, we have

set is the result of circuit inductance, and is

a function of the point in the voltage wave dlps

where the fault begins. The offset for a given 8&m =

fault can range from no offset to fully offset

(where the instantaneous current peak equals

the full peak—peak value of the AC current). DC voltage constant voltage with no vari-
ation over time. This can be considered in

DC restoration reinsertion of lost DC general terms as an alternating current (AC)

level information into a signal after using AC with a frequency of variation of zero, or a

signal coupling; in television applications, zero frequency signal. For microwave sys-

the DC component of a composite video sig- tems, DC voltages are provided by batteries

nal represents the average brightness of ther AC/DC converters required to “bias” tran-

picture. After AC coupling of the compos- sistors to a region of operation where they

ite video, the DC level includes the average will either amplify, mix or frequency trans-

luminance signal plus the fixed average of late, or generate (oscillators) microwave en-

the sync and lanking signals, causing pictureergy.

level racking errors. For a positive video sig-

nal, the average value of mostly white scenesDC-AC inverter  Seenverter.

will be slightly lower than it should be; for

mostly dark scenes, the DC average could be DC-DC converter a switching circuit

come negative (due to the sync and blankingthat converts direct current (DC) of one volt-

signals) when it should be slightly positive. age level to direct current (DC) of another

Clamping circuits restore the DC average of voltage level. A typical DC-DC converter

Pout

Vs |y, = constant
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includes switches, a low pass filter (to at- verse transfer function characteristic of the
tenuate the switching frequency ripple), and pre-emphasis network situated at the trans-
a load. The size of magnetic componentsmitter. See the figure for a de-emphasis net-
and capacitors can be reduced and bandwidthwork. Seepre-emphasis
can be increased when operating at high fre-
guency. Most DC-DC converters are pulse-de-regulation  the removal of some gov-
width modulated (PWM), while resonant or ernmentcontrols on public utilities, generally
quasi-resonant types are found in some appliincluding the unbundling of certain services,
cations. Commonly used topologies include the dismantling of vertically-integrated util-
the buck converter, boost converter, buck-ities, and the introduction of competition
boost converter, anGuk converter. Isola- among various utility companies for cus-
tion can be achieved by insertion of a high tomer services.
frequency transformer.

deadband (1) the portion of the operating

DC-free code Seebalanced code range of a control device or transducer over
which there is no change in output.
DCA  Seedynamic channel assignment (2) referring to an automatic controller be-

havior, a range of values of the controlled
DCE Sealatacommunications equipment variable in which no corrective action occurs.
or distributed computing environment This type of controller behavior is responsi-
ble for the time lag, called dead zone lag,
DCS-1800 digital communication system— which can cause instability of the controlled
1800 MHz. A micro-cell version of GSM system if other conditions are present.
that operates at a lower transmitter power, Also known as dead zone.
higher frequency band, and has a larger spec-
trum allocation than GSM, but in most other dead end an installation in which an elec-
respects is identical to GSM. The DCS-1800 tric power line terminates at a pole or tower,
spectrum allocation is 1710-1785 MHz for typically for purposes of structural stabilty.
the up-link and 1805-1880 MHz for the
down-link (i.e., 2x 75 MHz). The peak dead man (1) a stand on which to rest a
transmit power for portable DCS-1800 ter- utility pole when setting the pole by hand.
minals is 1 W. (2) a buried log used as a guy anchor.

DCT  Seediscrete cosine transform dead-end shoe a fixture for securing a
wire or strain insulator to a utility pole.

de Haas—Shubnikov oscillation See

Shubnikov—de Haas oscillation dead tank breaker a power circuit
breaker where the tank holding the interrupt-

de-assert to return an enabling signal to ing chamber is at ground potential. Oil cir-

its inactive state. cuit breakers, for example, are typically dead
tank breakers.

de-emphasis refers to the receiving pro-

cess of correcting the amplitude of cer- dead zone Seedead band

tain signal components that have been “pre-

emphasized” prior to transmission in order to deadbeat 2-D observer ~a system de-

improve signal-to-noise (S/N) ratio. In com- Scribed by the equations

mercial FM broadcastreceivers, de-emphasis

is accomplished with a simple resistor ca- Zi+Lj+1 = Fizit1,j + F2zi j+1+ Giuiy,j

pacitor lowpass filter that represents the in- + Gou; j11+ Hiyivaj + Hoyi j+1
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Xij=Lzij+ Ky j deadlock a condition when a set of pro-
cesses using shared resources or commu-

i, j € Z4 (the set of nonnegative integers) is picating with each other are permanently
called a full-order deadbeat observer of the y|gcked.

second generalized Fornasini-Marchesini 2-

D model deadtime the time that elapses between

the instant that a system input is perturbed

and the time that its output starts to respond
+ Bauita,j + Baui j+1 to that input.

Vi.,j = Cxij + Dujj

Exiy1,j41 = Arxit1,j + A2x; j41

) _ o debug toremove errors from hardware or
i, j € Z, if there exists finite integer&l, N software.See alsdug

such thatt; ; = x; j fori > M, j > N, and

anyu;;, y;; and boundary conditionso for - gepug port  the facility to switch the pro-

i € Zy andxo; for j € Z, wherez;; € R"  cessor from run mode into probe mode to
is the local state vector of the observer at theaccess its debug and general registers.

point (i, j), u;j € R™ is the input,y; ; €

R? is the output, and; ; € R" isthe local  debugger (1) a program that allows in-
semistate vector of the modefy, F2, G1,  teractive analysis of a running program, by
Ga, Hy, Hp, L, K, E, A1, A2, B, B2, C, D gllowing the user to pause execution of the
are real matrices of appropriate dimensionsyynning program and examine its variables
with E possibly singular or rectangulaf..  and path of execution at any point.

is the set of nonnegative integers. In a similar (2) program that aids in debugging.

way, a full-order asymptotic observer can be

defined for other types of the generalized 2-D debugging (1) locating and correcting er-
models. rors in a circuit or a computer program.

(2) determining the exact nature and loca-

deadbeat control of 2-D linear systems tion of a program error, and fixing the error.

given the 2-D Roesser model

xlh+1,' Ay Ay xihj B debuncher a ra_dio frequency _cavity
x;j/;.l = [A3 AJ xivj + [BJ ujj phased so that particles at the leading edge

of a bunch of beam particles (higher momen-

tum particles) are decelerated while the trail-

ing particles are accelerated, thereby reduc-
h :| ing the range of momenta in the beam.

tec]

i, j € Z4 (the set of nonnegative integers)

i Debye material a dispersive dielec-

tric medium characterized by a complex-
valued frequency domain susceptibility func-
tion with one or more real poles. Water is an

example of such a material.

with boundary conditionsgj = 0forj >
Nz andxj, = 0 fori > Ny, find an input
vector sequence

#0for 0<i<N;,0<j<N;
“ii=1=0fori> Nyandj > N» Debye media SeeDebye material

such that the output vectgr; = O for all  decade synonymous with power of ten.
i > Nypandj > N wherexl.hj € R7 and  In context, a tenfold change in frequency.
xl?)j € R} are the horizontal and vertical state

vectors, respectively, and1, Ay, Az, Ag, decade bandwidth  10:1 bandwidth ratio

C1, C2 are real matrices. (the high-end frequency is ten times the low-
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end frequency). The band edges are usually Terms such as dBm, dBuV, dBW indicate
defined as the highest and lowest frequencieghat the decibel measurement was made rel-
within a contiguous band of interest at which ative to an established standard. A common
the loss equalé amax the maximum attenu- power measure reference is 0 dBm, which is
ation loss across the band. defined to be 1 mW (milliwatt, 0.001W). A
common voltage reference igdv (1 micro-
decay atransformation in which an atom, volt).
nucleus, or subatomic particle changes into
two or more objects whose total rest energydecimal  from the number system that has
is less than the rest energy of the original base 10 and employs 10 digits.
object.
decimation an operation that removes
decay heat the fraction of the total en- samples with certainindexes from a discrete-
ergy obtained from a nuclear fission reaction time signal and then re-indexes the remaining
which is produced by delayed neutrons andsamples. Most frequently, decimation refers
by the secondary decay of fission daughtersto keeping everyth sample of a signal. Also
know as down-sampling.
decay length the average distance a
species of a particle at a given energy travelsdecision boundary a boundary in feature
before decaying. space which separates regions with different
interpretations or classes, e.g., the bound-
decaytime inthe absence of any pump or ary separating two adjacent regions charac-
other excitation mechanisms, the time afterterizing the handwritten characters ‘E’ and
which the number of atoms in a particular ‘F’. In practice, the regions associated with
state falls to 1E of its initial value. neighboring classes overlap; consequently
most decision boundaries lead to some erro-
decentralized control astructure oflarge- neous classifications, so an error criterion is
scale control systems based on system deused to select the “best” boundai§ee also
composition onto interconnected subsystemsclassifier Bayesian classifier
in order to simplify control design. Decen-
tralized control systems are usually designeddecision directed the use of previously
in the form of local feedback controllers a