ratio of the power per unit solid angle scat-
tered in a specific direction of the power unit

area in a plane wave incident on the scatterer
from a specified direction.

RADHAZ  radiation hazards to personnel
as defined in ANSI/C95.1-1991 |IEEE Stan-
dard Safety Levels with Respect to Human
Exposure to Radio Frequency Electromag-
netic Fields, 3 kHz to 300 GHz.

Rs commonly used symbol for source
impedance.

Ry commonly used symbol for transfor-
mation ratio.

radial basis function network  a fully
R-ALOHA  Seereservation ALOHA connected feedforward network with a sin-

gle hidden layer of neurons each of which
R.  Typical symbol for load resistance.  computes a nonlinear decreasing function of

the distance between its received input and
Rabi frequency  the characteristic cou- a “center point.” This function is generally
pling strength between a near-resonant elecbell-shaped and has a different center point
tromagnetic field and two states of a quan-for each neuron. The center points and the
tum mechanical system. For example, thewidths of the bell shapes are learned from
Rabi frequency of an electric dipole allowed training data. The input weights usually have
transition is equal toe E/hbar, whergw isthe  fixed values and may be prescribed on the
electric dipole moment and is the maxi-  basis of prior knowledge. The outputs have
mum electric field amplitude. In a strongly linear characteristics, and their weights are
driven 2-level system, the Rabi frequency is computed during training.
equal to the rate at which population oscil-

lates between the ground and excited states. .. .. N :
radial intensity histogram  a histogram

of average intensities for a round object in

race condition asituation where multiple .
. glrcular bands centered at the center of the
processes access and manipulate shared da

with the outcome dependent on the relative O%JeCt' with r_ad|a| distance as t-he running in-
. dex. Such histograms are easily constructed,
timing of these processes.

and, suitably normalised, form the basis for
scrutinizing round objects for defects, and
for measuring radius and radial distances of
cylindrically symmetrical features.

raceway a channel within a building
which holds bare or insulated conductors.

radar  an instrument that transmits elec-
tromagnetic waves and receives properties ofradial system  a network of straight wires
the reflected electromagnetic wave from the or other conductors radiating from the base
target, which can be used to determine theof a vertical monopole antenna that simulates
nature and distance to the target. Radar is arthe presence of a highly conducting ground
acronym that stands for radio detection andplane beneath the antenna. Typically, ra-
ranging. dial wires are approximately a quarter wave-
length long and are arranged to have equian-
radar cross section (RCS) a measure of gular spacing between them. The radial wire
the reflective strength of a radar target; usu-ends at the base of the monopole are electri-
ally represented by the symhbgl measured cally bonded together and to one conductor
in square meters, and defined asténes the  of the feedline.
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radiated emission  an electromagnetic radiation efficiency inantennatheory, the
field propagated through space. ratio of radiated power to the amount of input
power to the antenna. Has a value between 0

radiating aperture  a basic element of an and 1, inclusive.

antennathat in itself is capable of effectively

radiating or receiving radio waves. Typical radiation intensity  in antenna theory, a
example of a radiating apertures are a slot,far-field quantity that is a function of angle

and horn antennas or a truncated metallicthat gives the level of radiation in a specific
waveguide. direction. Radiation intensity is the radial

component of the time average Poynting vec-
p tor with all the terms associated with the dis-

radiation the phenomenon by whic ; h lized ™
sources generate energy, which propagategance rom the antenna normalized out. The

away from them in the form of waves. units are watts per square radian.

radiation pattern  aplot of the far-field ra-

diation as a function of the angle phi or theta
while the other angle is held constant. A ra-
diation pattern can be either polar or rectan-
gular, and can be either logarithmic or linear.

radiation boundary condition (RBC)
boundary condition that is imposed to trun-
cate the computational domain of a differen-
tial equation method so that it satisfies the
Sommerfield radiation condition.

radiative broadening a spectral line
radiation condition the condition that  proadening mechanism that arises due to
specifies the field behavior atinfinity; infact, spontaneous decay of the excited state.
for an unbounded domain it is necessary to
specify the field behavior on the surface at ragiative heat transfer  the process by
infinity. By assuming that all sources are \hich long-wave electromagnetic radiation

contained in a finite region, onlgutgoing  transports heat from a surface to its surround-
wavesmust be present at large distances fromjpgg;

the sources; hence the field behavior at large

distances from the sources must meet theadio astronomy  the study of celestial ob-
physical requirement that energy travel away jects based on the investigation of their radio
from the source region. This requirement is frequency electromagnetic waves spectrum.
the Sommerfield radiation conditiori and

constitutes a boundary condition on the sur-yadio frequency (RF)  ageneral term used
face at infinity. Let us denote witd any o refer to radio signals in the general fre-
field component transverse to the radial diS'quency range from thousands of cycles per
tancer and withk the free-space wavenum- gecond (kHz) to millions of cycles per second
ber. The transverse field of a spherically (MHZ). 1t is also often used generically and
diverging wave in a homogeneous isotropic jnterchangeably with the term microwave to
medium decays as/t at large distances jstinguish the high frequency AC portion of
from the source region; locally, the spher- g circuit or signal from the DC bias signal

ical wave behaves like a plane wave travel- or the downconverted intermediate frequency
ling in the outward direction. As such, each  (jF) signal.

field component transverse tanust behave
like exp(—jkr)/r; this requirement may be radio frequency choke an inductance (a

phrased mathematically as coil of wire) intended to present a very high
impedance at radio frequencies. Such fre-
. A guencies span the range of kilohertz to hun-
Jim (_r + ]kA> =0 dreds of megahertz.
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radio frequency integrated circuit (RFIC) radius of curvature  one of the parame-
integrated circuit designed to operate at ra-ters characterizing the reflecting surface of a
dio frequencies as amplifiers, mixers, oscil- spherical mirror.

lators, detectors or combinations of above.

Typically, RFICs are configured for specific radix  the base number in a number sys-
application to operate as a complete RF system. Decimal (radix 10) and binary (radix 2)
tem. are two example number systems.

radio frequency interference (RF|) radix Complement ina system that uses
electromagnetic phenomenon that either di-binary (base 2) data negative numbers, can be
rectly or indirectly contributes to degrada- represented as the two’s complement of the
tion in the performance of a receiver or other Positive number. This is also called a true
RF system, synonymous with electromag- complement.

netic interferenceSee als@lectromagnetic

interference Radon transform  the Radon transform of
afunctionf (x, y), r(d, ¢) isits line integral
along a line inclined at anglg¢ from they

radio horizon  the maximum range, from axis and at a distanegfrom the origin.

transmitter to receiver on Earth’s surface, of
direct (line-of-sight) radio waves. This is . o )
greater than the optical horizon, because thd@dwaste  a contraction for "radioactive

radio waves follow a curved path as a result Waste," usually referring to mildly radioac-
of the continuous refraction it undergoes in tive sludge removed from the coolant in a
the atmosphere. nuclear reactor.

) . RAID  Seeedundant array of inexpensive
radio localloop  Seewireless local loop disks

radio waves  electromagnetic radiation RAKE receiver a receiver type in which
suitable for radio transmission in the range the received signal from each (or a few domi-
of frequencies from about 10 kHz to about nating) resolvable propagation ray is individ-
300 Mhz. ually demodulated and subsequently com-
bined into one decision variable according
radiography an imaging modality that to some critelrion.. RAKE receiver; are com-
uses an X-ray source and collimator to createmOnly used in wideband transmission sys-
a projection image. The image intensity is tems such as spread-spectrum systems where

proportional to the transmitted X-ray inten- the large bandwidth gllows 'seve'ral rays to be
sity. resolved, thus creating a diversity gain (fre-

quency diversity).

radiology  the monitoring and control of RaM
radioactivity, especially in regard to human
exposure, in a nuclear power plant.

Seerandom access memory

RAM neuron a random access memory
with n inputs and a single output. The in-
radiometer apassive receiver that detects puts define 2 addresses and presentation of
energy from a transmitting source or rera- a particular input vector allows the contents
diated energy from a target. Typically, ra- of the 1-bit register at that address to be read,
diometers are used in remote sensing appli-or to be written into. Training consists of
cations. writing 1s or Os into the 1-bit registers, as
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required for the various input vectors in the Raman—Nath diffraction in acousto-
training set. optics, the regime where many diffraction or-
ders exist due to the thinness of the acoustic

RAMA Seeresource auction multiple grating relative to the acoustic wavelength in
access the direction of light.

Raman—Nath diffraction regime  regime
where the acoustic beam width is sufficiently
narrow to produce many diffracted beams
with significant power.

ram’s head the top of a transmission line
tower

Raman echo a type of photon echo in
which the stimulated emission is assisted by p o .20 Nath mode acousto-optic spec-

a Raman transition. trum analyzer  similar to the acousto-

optic (AO) Bragg-mode spectrum analyzer,
Raman laser laser in which the amplifi-  but uses illumination at normal incidence to
cation mechanism is considered to be Ramarthe face of the AO cell that results in multi-
scattering. ple diffracted orders, with the two first order

beams being used at the Fourier plane to ob-

Raman scatter  frequency-shifted light tain the input RF signal spectrum.

scatter, utilized as powerful analytical chem-

istry technique. Raman-Nath scattering the scattering
of light from a periodically varying refrac-

Raman scattering  scattering of light by tive mdex'vharlatlon In athlp mefdmm, as con-
means of its interactions with the vibrational rasted with Bragg scattering, for instance in

response of a molecular system. The scat-the operation of an acousto-optic modulator.
tered light is typically shifted to lower fre- ) .

quencis ( See Stokes Law); the frequerty ~ Famp a Ilnefe\r function of grey Ie\(el,
shift is equal to the vibrational frequency Usually connecting two contrasting regions.
of the molecule, typically %8 to 104 Named after its appearance in one dimension,
Hz. In spontaneous Raman scatterir§ee it is often used as one model of an edge.
spontaneous light scatteripghe scattered

light is emitted in nearly all directions. In Ramsey fringe the spectral feature gener-
stimulated Raman scatterin§éestimulated ~ ated when a quantum mechanical transition
light scattering, the scattered lightis emitted is excited by two identical-frequency, time-
in the form of an intense beam. The emitted Separated electromagnetic pulses. Ramsey
beam tends to be intense because it experiffinges are used in cesium atomic beam
ences large amplification by an amount given clocks.

by e$/L, whereg is the gain factor of stimu-

lated Raman scattering,is the intensity of random access (1) term describing atype
the incident laser beam in units of power per of memory in which the access time to any
unitarea, and is the length of the interaction cell is uniform.

region. (2) a method for allowing multiple users
to access a shared channel in which trans-
Raman, Sir Chandrasekhara Venkata missions are not coordinated (or perhaps are

(1888-1970) author of 500 articles and in- partially coordinated) in time or frequency.
dependent investigator of light scatter and

acoustics. Winner of a Nobel Prize for the random access device  See random
discovery of Raman scattering. access
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random access memory (RAM) direct- random replacement algorithm in a
access read/write storage in which each ad-cache or a paging system, an algorithm that
dressable unit has a unique hardwired ad-chooses the line or page in a random man-
dressing mechanism. The time to access aner. A pseudo-random number generators
randomly selected location is constant andmay be used to make the selection, or other
not dependent on its position or on any previ- approximate method. The algorithm is not
ous accesses. The RAM has asdtaddress very commonly used, though it was used in
lines gn = 2), nbidirectional datalines, and the translation buffers of the VAX11/780 and
a set of additional lines to control the direc- the Intel i860 RISC processor.

tion of the access (read or write), operation

and timing of the device. random signal  asignalX (¢) that s either
noise N (¢), an interfering signak(z), or a

RAM is commonly used for the main
sum of these:

memory of a computer and is said to be static
if power has to be constantly maintained in X(
order to store data and dynamic if periodic
absences of power do not cause a loss of
data. RAMis usually volatileSee alsstatic  random testing  the process of testing us-
random access memaorylynamic random ing a set of pseudo-randomly generated pat-
access memorynonvolatile random-access terns.

memory

1) = s1()++ - +sm (O)+N1()+- - -+ Nu ()

randomvariable  acontinuous or discrete
random behavior response without a Vvalued variable that maps the set of all out-

spectral or amplitude pattern or relationship comes of an experiment into the real line (or
to the excitation. The excitation may be in- complex plane). Because the outcomes of

ternal, and may be thermal in nature. an experiment are inherently random, the fi-
nal value of the variable cannot be predeter-

random coding coding technique in mined.

which codewords are chosen at random ac-random vector  a vector (typically a col
cording to some distribution on the codeword umn vector) of randomn varigEIesSZe also
symbols. Commonly atool used in the devel- ‘

; . ) ) random variablerandom process
opment of information theoretic expressions.

. o randomized decision rule  a hypothesis
random logic  a digital system con- gecision/classification rule that is not deter-
structed with logic gates and flip-flops ministic (that is, the measurement or obser-
and other basic logic components intercon-yation does not uniquely determine the de-
nected in an non-specific mannedee also  isjon). Although typically not useful given
microprogramming continuous observations, a randomized rule

can be necessary given discrete observations.
random process  a mathematical pro- See also recever operating characteristics
cedure for generating random numbers tocurve.
a specific rule called a process, which
is defined on continuous(¢),t € R", range filter  an edge detection filter that
or discretex(k),k € Z" space / time. finds edges by taking the difference between
The value of the process at each point inthe maximum and minimum values in a lo-
space or time is a random vectdBee also cal region of the image. The range filter also
random variablge random vectar See accepts a weight mask the size of the local
alsocorrelation covarianceautocorrelation  image region that controls pixel values be-
autocovariance fore they enter the minimum and maximum
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calculations. The weight mask allows edgesrare gas oxides an excimer molecule

in certain directions to be searched for. formed by the reaction of a rare gas atom
and an oxygen atom.

range image an image in which the in-

tensity of pointx is a function of the distance rare-earth magnet amagnet that has any

betweerx and the corresponding pointin the of the rare-earth elements in its composition.

scene (object) projected on the image plane.Typically stronger than other magnet materi-
als, these include neodymium iron boron and

range of Jacobian denoted/, itisdefined ~samarium cobalt.

as asubspace(J)in R" of the end-effector-

velocities that can be generated by the jointrare-earth permanent magnet  magnet

velocities, in the given manipulator posture. made of compounds of iron, nickel, and

Seefull rank Jacobian cobalt with one or more of the rare-earth el-
ements such as samarium. These materials

rank filter an image transform used in combine the high residual flux density of the

mathematical morphology. Assume that to alnico-type materials with greater coercivity

every pixelp one associates awindow(p)  than ferrites.

containing it. Letk be an integer 1 which

is less than or equal to the size of each win-raster  a predetermined pattern of scan-

dow W(p). The rank filter with rankk and  ning lines used to provide uniform coverage

windows W (p) transforms an imagé into  of the area used for displaying a television

a filtered imagel’ whose gray-levell’(p) picture.

at pixel p is defined as thé-th least value

among allinitial gray-levelg (¢) forg inthe  raster coordinates ~ coordinates in a dis-

window W (p). In a dual version, thé-th 5y system that specifically identify a phys-
greatest value is selected. When e&ictp)  jcal location on the display surface.
is the translate by of a structuring element

W of sizen, three particular cases are note-

worthy: raster graphics  a computer graphics sys-

tem that scans and displays an image peri-

1.k = 1: the rank filter is the erosion bY.  odically in a raster, or left-to-right, top-to-

2.k = n: the rank filter is the dilation by¥,  bottom fashion.

the symmetric ov.

3.nis odd andk = (n + 1)/2: the rank rasterimage Seebitmapped image

filter is a median filterSeedilation, erosion

median filter structuring element raster width (1) physical distance be-
tween raster lines on a display surface and

rare gas one of the rare gases specified in between distinguishable points in the same

the periodic table, He, Ne, Ar, Kr, Xe. raster line; the two distances are frequently
different.

rare gas halides excimer molecule (2) the physical distance between raster

formed by a reaction of a rare gas atom andlines on a display surface and between dis-

a halogen atom: e.g., XeF, ArF, KrF. tinguishable points in the same raster line.

The two distances are frequently different.
rare gas molecule  excimer molecule
formed by a reaction of an excited and a neu-rate distortion function the minimum
tral rare gas atom, usually with a third atom rate at which a source is represented by one
present. For example, ArKro. of a set of discrete points.
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rate distortion theory a theory aimed tain points in the capacity region of multiple

at quantifying the optimum performance of access channels.

source coding systems. Using information

theory, for several source models and distor-rate-adaptive digital subscriber line

tion measures, rate distortion theory provides(RDSL)  a digital subscriber line (DSL)

the optimum distortion function and the op- in which the rates in each direction are ad-

timum rate function. The distortion function justed according to the quality of the channel.

is optimum in that the distortion for a given In general, longer loops are associated with

rate is the theoretical minimum value of dis- lower rates.

tortion for encoding the source at the given or

lower rate. The rate function is optimum in rate-compatible punctured convolutional

that the rate at a given distortion is the min- (RCPC) code one of a family of punc-

imum possible rate for coding the source attured convolutional codes derived from one

the given or lower distortion. low-rate convolutional parent code by suc-
cessively increasing the number of punctured

rate equation approximation  assump- symbols, given that the previously punc-
tion, in a semiclassical model for the inter- tured symbols should still be punctured (rate-
action of light with atoms, that all fields and compatibility). These codes have applica-
populations change negligibly within the co- tions in, for example, variable error protec-
herence time of the wave functions, loses all tion systems and in hybrid automatic repeat

information about the phase of the fields and "égquest schemes using additional transmitted
wave functions. redundancy to be able to correctly decode a

packet. Also called RCPC code.

rate equation model  model for the in-
teraction of light with atoms in which the
atoms are represented only by their popula-
tions or population densities and the electro-
magnetic field is represented only by its in-
tensity, power, energy, or photon density.

rate-distortiontheory  Claude Shannon’s
theory for source coding with respect to a
fidelity criterion, developed during the late
1940s and the 1950s. Can be viewed as
a generalization of Shannon’s earlier theory
(late 1940s) for channel coding and infor-
) ] ] mation transmission. The theory applies to
rate equations  coupled ordinary nonlin-  the important methods for vector quantiza-

ear differential equations governing the in- tjon and predicts the theoretically achievable
teraction of an electromagnetic field (repre- gptimum performance.

sented by an intensity, energy density, or pho-

ton density) with an atomic or molecularlaser ratedvoltage  the voltage atwhich a power

medium (represented by populations of the|ine or electrical equipmentis designed to op-
energy states); phase information relating tograte.

the fields and wavefunctions is absent from

these equations. ratio detector  a circuit for recovering
(demodulating) baseband information (usu-

rate split multiple access coding tech- ally audio) from a frequency modulated (FM)

niqgue for the multiple-access channel in wave.

which each user splits their information

stream into two or more streams, which rational function a function that is the

are independently encoded. These encodedatio of two polynomials. Rational func-

streams are multiplexed according to sometions often arise in the solution of differential

rule prior to transmission. Used to show that equations by Laplace transform&ee also

time-sharing is not required to achieve cer- Laplace transform
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ray one of afamily of lines (rays) used to path fading statistics in non-line-of-sight mo-

represent the propagation of an electromag-bile radio systems.

netic wave; most useful in real media when

the wave amplitude varies slowly compared Rayleigh length  distance over which the

to the wavelength (see geometrical optics). spot size of a Gaussian beam increases from
its value at the beam waist to a value 2.5

ray equation  set of second-order differ- larger; a measure of the waist size of a Gaus-

ential equations governing the trajectory of a sian beamy times waist spot size squared

light ray propagating along an arbitrary path. divided by wavelength; half of the confocal
parameter.

ray optics approximate representation of

electromagnetic wave propagation in termsRayleigh noise  the envelope of a zero

of light rays, most useful in real media when mean, wide-sense stationary, narrowband

the wave amplitude varies slowly compared Gaussian noise process. The probability den-
to the wavelength. sity function of a sinusoid in narrowband

noise is a generalized Rayleigh distribution,
ray tracing (1) a high-frequency elec- 2
tromagnetic analysis technique in which the
propagation path is modeled by flux lines or
“rays.” The ray density is proportional to Rayleigh scattering (1) theory for the in-
the power density, and frequently, bundles of ;o2 ction between light and a medium com-
these rays are called ray tubes. posed of particles whose size is much smaller
(2) a rendering technique in which the than the wavelength. According to it, the
paths of light rays reaching the viewpoint are gcattering cross section is proportional to the
computed to obtain realistic images. Given fourth power of the wavelength of the scat-

a 3-D description of a scene as a collectiontered light. This explains both the red and
of surfaces characterized by different optical pjye colors of the sky.

properties, rays are traced backward from the (2) an intrinsic effect of glass that con-
viewpoint through the image plane until they tipytes to attenuation of the guided optical
hit one of the surfaces or go off to infinity.  \yave. The effect is due to random localized

variations in the molecular structure of the

ray transfer matrix  real two-by-two ma-  gjass which acts as scattering centers.
trix governing the transformation of the ray

displacementand slope with respectto a fixedrayleigh-Ritz procedure  a procedure
axis. for solving functional equations.See also
moment method

px) = Ze 22,z > 0. Also known as a
Rician distribution.

Rayleigh criterion a method of distin-

guishing between rough and smooth surfacesRayleigh-wing scattering of light  the

in order to determine whether specular re- scattering of light with no change in central
flection will occur. A surface is consid- frequency, and with moderate (of the order
ered smooth if the phase difference betweenof 1011 Hz) broadening of spectrum of the
waves reflected from the surface is less thanlight. Rayleigh-wing scattering occurs when
ninety degrees. light scatters from anisotropic molecules.

Rayleigh distribution  the probabilitydis- RBC  Seeradiation boundary condition
tribution of the magnitude of a complex quan-

tity whose real and imaginary parts are inde- RC time constant  the time needed for
pendent Gaussian random variables with zerasignal traveling from an end to the other end
mean. Frequently used to approximate multi- of a wire is constant when the wire and the
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whole chip is scaled down. As the length with delays, these two notions are essentially
of a wire shrinks by a factor of and the different. For infinite-dimensional systems,
cross-sectional area of the wire is reduced bythe relations between reachability and con-
afactor ofk?, the capacitance of the wire de- trollability depend on the properties of the
creases by a factor é@fwhile the resistance semigroupS(¢) generated by the operatar
increases by a factor & The RC time re-

mains constant, and thus the input chargingreactance grounded an electrical system
time remains the same, independent of scalin which the neutral is intentionally grounded
ing. Consequently, the scaling down of the through a reactance. Frequently used in
chip cannot increase the speed of the chip ifthe neutral of generators and transformers to
wire is used. Optical interconnects can speedimit the magnitude of line to ground fault
up the chip. currents.

RCPCcode Seegate-compatible punctured reactance modulator ~ modulator nor-

convolutional code mally using phase or frequency modulation

. where the reactance of the circuit is depen-

RCS  Seeradar cross section dent on changes in the input modulating volt-
age.

RCT  Seereverse conducting thyristor

. o ) reaction  afunctional in electromagnetics
RDSL  Seeate-adaptive digital subscriber a4 rejates a set of fields and sources to one
line. another. Reaction concepts are often used in

. the discussion of field reciprocity.
re-entrancy  term describing the number

of times that a multiplex armature winding
of a commutated machine closes upon itself
via the commutator ring. For example, du-
plex windings can be either singly or dou-
bly re-entrant. In a doubly re-entrant du-
plex winding, the ends of the two winding
circuits close only on themselves and not
on each other, creating two distinct circuits
through the commutator and two distinct cir-
cuit closures. Conversely, in a singly re-
entrant duplex winding, the two windings are
connected in series through the commutato
ring creating only a single circuit closure.

reactionrange sum of end-to-end round-
trip delay and processing time.

reactive compensation process of coun-
teracting the reactive component of a device
by means of capacitors and inductors. Both
series and shunt compensation are prevalent.

reactive congestion control in packetnet-
works, a congestion control system whose
factions are based on actual congestion oc-
currence.

reachability ~ a term that indicates that a eactive ion etching  the process of etch-
dynamical system can be steered from zerodNd materials by the use of chemically reac-
initial state to any final state inagiventime in- tive ions or atoms. Typically, the reactive
terval. For many dynamical systems, reach-ions or atoms are generated in a RF plasma
ability is equivalent to controllability. This €nvironment or in a microwave discharge.
is always true for linear finite-dimensional

continuous-time dynamical systems. How- reactive load aload thatis purely capac-
ever, in discrete case, controllability may be itive or inductive.

the stronger notion than reachability. In this

case, the two concepts are equivalent if andreactive matching  impedance transfor-
only if rank A = n. For dynamical systems mation achieved by employing a matching
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network constructed of only reactive ele- read instruction an assembly language
ments. instruction that reads data from memory or
the input/output system.
reactive near field the region close to an
antennawhere the reactive components of thegead phase  the first portion of a trans-
electromagnetic fields from charges on theaction during which the executing process
antenna structure are very large compared tgbtains information that will determine the
the radiating fields. Considered negligible at outcome of the transaction. Any transaction
distances greater than a wavelength from thecan be structured so that all of the input in-
source (decay as the square or cube of disformation is obtained at the outset, all the
tance). Reactive field is important at antennacomputation is then performed, and finally
edges and for electrically small antennas.  all results are stored (pending functionality
checks based on the locking protocolsin use).

reactive power (1) electrical energy per

unit time that is alternately stored, then re- read-afte-writehazard ~ Seetrue data
leased. For example, reactive power is as-dependercy.

sociated with a capacitor charging and dis-

charging as it operates on an AC system.fead-modify-write cycle  atype of mem-
Symbolized byQ, with units of volt-amperes ~ Ory device access that allows the contents ata

complex power. ten back without other accesses taking place

(2) the power consumed by the reactive between the read and the write.

part of the load impedance, calculated by
multiplying the line current by the voltage
across the reactive portion of the load. The
units are vars (volt-ampere reactive) or kilo-
vars.

read-mostly memory — memory primarily
designed for read operations, but whose con-
tents also can be changed through procedures
more complex and typically slower than the
read operations. EPROM, EEPROM, and

. flash memory are examples.
reactor a container where the nuclear re-

action takes place. The reactor converts theread-only (ROM) memory  semiconduc-
nuclear energy to heat.

tor memory unit that performs only the read
operation; it does not have the write capabil-
ity. The contents of each memory location is
fixed during the hardware production of the
device and cannot be altered. A ROM has
reactor core  an array of nuclear fuelrods 5 set ofk input address lines (that determine
that are arranged so as to encourage a chaifhe number of addressable positioriy and
reactionand thus heatwater to supply apowery set ofn output data lines (that determine
forthe steam turbine inanuclear power plant. the width in bits of the information stored in

each position). An integrated circuit ROM
reactor refueling  the process of shutting may also have one or more enable lines for
down a nuclear reactor for maintenance andinterconnecting several circuits and make a
fuel replacement, typically every 12 to 24 ROM with larger capacity. Plain ROM does
months. not allow erasure, but programmable ROM

(PROM) does. Static ROM does notrequire a
read ahead on a magnetic disk, reading clock for proper operation, whereas dynamic
more data than is nominally required, in the ROM does.See alssandom access memaqry
hope that the extra data will also be useful. programmable read-only memory

reactor containment Seecontainment
building.
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read/modify/write an uninterruptible real-time clock  a hardware counter that
memory transaction in which information is records the passage of time.

obtained, modified, and replaced, under the

assurance that no other process could havéeal-time computing  support for envi-
accessed that information during the trans-ronments in which response time to an event
action. This type of transaction is important mustoccur within a predetermined amount of
for efficient implementations of locking pro- time. Real-time systems may be categorized
tocols. into hard, firm, and soft real-time.

realization for alinear continuous or dis-

read/write head conducting coil that . v . . ]
crete stationary finite-dimensional dynami-

forms an electromagnet, used to record on :  f .
and later retrieve data from a magnetic cir- €& System, a set of four constant matrices

cular platter constructed of metal, plastic, or 4> B €, D of the state and output equations.
glass coated with a magnetizable material. € Matrices may be calculated using certain
During the read or write operation, the head glgorlthms. The realization is said to be min-

is stationary while the platter rotates beneathiMa! if the dimensiom: of the square matrix
it. The write mechanism is based on the 4 IS minimal.

magnetic field produced by electricity flow-

ing through the coil. The read mechanism is
based on the electric current in the coil pro-
duced by a magnetic field moving relative to
it.

realization problem for 2-D Fornasini—

Marchesini model a problem in con-
trol. The transfer matrif (z1, z2) of the 2-D

Fornasini—Marchesini model

Less common are magnetoresistive heads,  xjy1 j+1 = A1xi+1,j + A2xi j4+1
which employ noninductive methods for
reading. A system that uses such a head re-
quires an additional (conventional) head for

the writing. See alsadisk head magnetic  ;, j ¢ 7, (the set of nonnegative integers) is
recording code given by

+ Biuiy1,j + Bouj j+1
yij = Cxij + Duij @

real address  the actual address that refers T (21, 22) = C [Iz122 — A1z1 — A2z2]
to a location of main memory, as opposed x (B1z1+ B2z2) + D 2
to a virtual address that must first be trans-
lated. Also called a physical addresSee
alsomemory mappingvirtual memory

wherex;; € R" is the local state vector,
uijj € R™ is the input vectory;; € R” is
the output vector, andy, By (k = 1, 2) are

. real matrices. Matrices
real power  consider an AC source con-

nected at a pair of terminals to an otherwise Ay, A2, B1, B2, C, D ©)
isolated network. The real power, equal to
the average power, is the power dissipatedare called a realization of a given transfer
by the source in the network. matrix T (z1, z) if they satisfy (2). A re-
alization (3) is called minimal if the ma-
real-time refers to systems whose cor- trices A; and A, have minimal dimension
rectness depends not only on outputs, butamong all realizations of"(z1, z2). The
the timeliness of those outputs. Failure to (minimal) realization problem can be stated
meet one or more of the deadlines can re-as follows. Given a proper transfer matrix
sultin system failureSee als®oft real-time  T'(z1, z2) € RP*™(z1, z2), find matrices (3)
systemfirm real-time systenrhard real-time  (with minimal dimension ofA; andA>) that
system satisfy (2).
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realization problem for 2-D Roesser model  cal temperature above absolute zero and the
the transfer matrixl"(z1, z2) of the 2-D  noise bandwidth of the receiver’s electronic

Roesser model devices. Receiver noise causes finite receiver
h h sensitivity. See alsdhermal noise
|:xi+l,j:| _ |:A1 Az] |:xl-j:|
v v
Yij+1 As Aa Yij receiver operating characteristics curve
+ [31] wii (1) plot of the probability of detection (likeli-

By | Y hood of detecting the object when the ob-

h ject is present) versus the probability of

yij=C [ Y } + Duj; false alarm (likelihood of detecting the object

ij when the objectis not present) for a particular

i, j € Z, (the set of nonnegative integers) is Processing system.

given by
_1  receiver sensitivity the minimum radio
T(z1,22) = C [1"111 —A1 —A2 } signal power at the input to a receiver that re-
—As 2 — A4 sults in signal reception of some stated qual-
x [ﬁi] +D 2 1ty.

reciprocity (1) aconsequence of Maxwell’'s
equations, stipulating the phenomenon that
the reaction of the sources of each of two
different source distributions with the fields
generated by the other are equal, provided the

A= [Al AZ} B = [Bl} C, D (3 mediainvolved have certain permeability and

Az Aa ]’ Bp|" permittivity properties (reciprocal media).

are called a realization of a given transfer ma- Referring to reciprocal circuits, reciprocity
trix T(z1, z2) if they satisfy (2). A realiza- States that the positions of an ideal voltage
tion (3) is called minimal if the matrixi has ~ source (zero internalimpedance) and an ideal
minimal dimension amongst all realizations @mmeter (infinite internal impedance) can
of T(z1, z2). The (minimal) realization prob- _be interchanged without affecting their read-
lem can be stated as follows. Given a proper!ngs.

wherex!, € R" andx}, € R"2 are the hori-
zontal and vertical state vectorg; € R" is
the input vector, and;; € R” is the output
vector. Matrices

transfer matrixT'(z1, z2) € RP*"(z1, 22), (2) in antenna theory, the principal that the
find matrices (3) (with minimal dimension receive and transmit patterns of an antenna
of A) that satisfy (2). are the same.

received signal strength indicator (RSSI)
ratio of signal power level for a single fre-
guency or a band of frequencies to an es-
tablished reference; the reference is typically
1 mW, and the resultant value is expressed in
decibels. RSSI is often used in mobile com-
munications to make assessments such as teeciprocity theorem  in a network consist-
which base station a call should be connectedng of linear, passive impedances, the ratio of
or which radio channel should be used for the voltage introduced into any branch to the
communication. current in any other branch is equal in mag-

nitude and phase to the ratio that results if
receiver noise thermal (Boltzmann-type) the positions of the voltage and current are
noise in a receiver, a function of its physi- interchanged.

reciprocity inscattering lawaccordingto
which the source and detector points can be
exchanged, providing the source amplitude
and phase are preserved.
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recloser aself-contained device placed on be generalized to gray-levelimages by a mor-
distribution lines that senses line currents andphological operator applying such a recon-
opens on overcurrent. Reclosing is employedstruction on the gray-level slices of the im-
to reenergize the protected line segment inage.

the case of temporary faults. Reclosers have

the capability for fast tripping for fuse sav- record  unit of data, corresponding to a
ing, and slow tripping to allow sectionalizing block, sector, etc., on a magnetic disk, mag-
fuse operation for faults on laterals. The re- netic tape, or other similar I/O medium.
closer will retrip on permanent faults and go

on to lockout. Reclosers are suitable for pole recording code aline code optimized for
mounting on overhead lines. recording systemsSee alsdine code

reclosingrelay an auxiliary relay thatini- recording density  number of bits stored
tiates circuit breaker closing in a set sequenceper linear inch on a disk track. In general, the
following fault clearing. Reclosing relays are same number of bits are stored on each track,
typically employed on overhead lines where so that the density increases as one moves
a high proportion of the faults are temporary. from the outermost to the innermost track.

recoil permeability  the average slope of recovery action that restores the state of a

the minor hysteresis loop, which is roughly process to an earlier configuration after it has

the slope of the major hysteresis loop at zerobeen determined that the system has entered a

applied field ), and is most often used to state which does not correspond to functional

determine the effect of applying and remov- behavior. For overall functional behavior, the

ing a demagnetizing field to and from a mag- states of all processes should be restored in a

netic material. manner consistent with each other, and with
the conditions within communication links or

recombination  the process in which an message channels.

electron neutralizes a hole. Sometimes this

process causes light emission (i.e., throughrectangle detection the detection of rect-

radiative recombination), and sometimes it angle shapes, often by searching for cor-

doesn't (i.e., through nonradiative recombi- ner signals, or from straight edges present

nation). in an image. Rectangle detection is impor-
tant when locating machined parts inimages,

recombination X-ray laser an X-ray e.g., prior to robot assembly taskSee also

laser made by gain from an inverted popu- polygon detectioand square detection.

lation where the upper level is inverted due

to recombining ions and electrons. rectangular cavity  a section of rectangu-
lar waveguide closed on both ends by con-

reconstruction  the process of forming a ducting plates.

3-D image from a set of 2-D projection im-

ages. Also applies to the formation of a 2- rectangular window (1) in finite impulse

D image from 1-D projections.Seeimage  response (FIR) filter design, the rectangu-

reconstruction tomographand computed lar window constituting the most straightfor-

tomography. ward window function used usually as a ref-
erence in studying other window functions.

reconstruction from marker  inabinary  Itis defined as 1 within an even interval cen-

image, this is the operation extracting all con- tered at the origin and 0 elsewhere.

nected components having a non-empty in- (2) in image processing, an rectangular

tersection with a marker. This operation can area centered at a pixel under consideration.
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This area is known as a window, or a mask, recursive procedure aprocedure that can

or atemplate. A square window of sizx3®  be called by itself or by another program that

is used most oftenSee alsmeighborhood it has called; effectively, a single process can

operation have several executions of the same program
alive at the same time. Recursion provides

rectifier  acircuitthat changes an AC volt- one means of defining functions.

age to DC. Switching elements or diodes are  The recursive definition of the factorial

used to create the DC voltage. Diode recti- function is the classic example:

fiers and thyristor rectifiers are the two most jfn = 0

commonly used rectifiers. factorial(n)= 1

else

recurrent coding  old name for convolu- factorial(r) = n * factorial (n-1)

tional coding.

recursive self-generating neural network
recurr'ent network  aneural network that (RSGNN) a recursive version of self-
contains at least one feedback loop. generating neural network (SGNN) that can
discover recursive relations in the training
data. It can be used in applications such
as natural language learning/understanding,
continuous spoken language understanding,
and DNA clustering/classification, etSee
alsoself-generating neural netwark

recursion the process whereby a program
calls itself. See alsaecursive procedure

recursive equation a difference equation
that is of the form

i=m i=n
y(k) =Y aix(k—i) =Y byt —i) Red book SeelEEE Color Books
=0 i=1

whereq; andb; are some proper real con- red head another name for a hot tap.

stants. When all thé; = 0, it is called a o
nonrecursive equation. reduced characteristic table  a tabular

representation used to illustrate the operation
recursive filter  a digital filter that is re-  Of various bistable devices.
cursively implemented. That is, the present
output sample is a linear combination of the reduced instruction set computer (RISC)
present and past input samples as well as th@rocessor  relatively simple control unit
previously determined outputs. Tradition- design with a reduced menu of instructions
ally, the term recursive filter is closely related (selected to be simple), data and instructions
to infinite impulse filter. In a nonrecursive formats, addressing modes, and with a uni-
filter the present output sample is only a lin- form streamlined handling of pipelines.

ear combination of the present and pastinput  One of the particular features of a RISC
samples. processor is the restriction that all memory

accesses should be by load and store instruc-
recursive function  Seeaecursive procedure tions only (the so called load/store architec-

ture). All operations in a RISC are register-

to-register, meaning that both the sources and
recursive method method that estimates destinations of all operations are CPU regis-
local displacements iteratively based on pre-ters. All this tends to significantly reduce
vious estimates. lterations are performed atCPU to memory data traffic, thus improv-
all levels, as in every pixel, each block of pix- ing performance. In addition, RISCs usually
els, along scanning line, from line to line, or have the following properties: most instruc-
from frame to frame. tions execute within a single cycle, all in-
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structions have the same standard size (32ossibility of failure. Similarly, referring
bits), the control unit is hardwired (to in- to an increase in the number of components
crease speed of operations), and there is avhich can interchangeably perform the same
CPU register file of considerable size (32 reg- function in a system. Sometimesitis referred
isters in most systems, with the exception of to as hardware redundancy in the literature to
SPARC with 136 and AMD 29000 with 192 differentiate from so called analytical redun-
registers). dancy in the field of FDI (fault detection and
Historically, the earliest computers ex- isolation/identification). Redundancy canin-
plicitly designed by these rules were designscrease the system reliability.
by Seymour Cray at CDC in the 1960s. The (2) in robotics, the numben degrees
earliest development of the RISC philosophy of mopility of the mechanical structure, the
of design was given by John Cocke inthe late n,ymberm of operational space variables,
1970s at IBM. However, the term RISC was ang the number of the operational space
first coined by Pattersoat al. at the Uni-  \3riables necessary to specify a given task.
versity of California at Berkeley to describe considerthe differential kinematics mapping
a computer with an instruction set designed ,, _ J(g)¢ inwhichvis (r x 1) vector of end-
for maximum execution speed on a particular effector velocity of concern for the specific
class of computer programs. Patterson andasks and isr x» Jacobian matrix. If < n,
his team of researchers developed the firstne manipulator is kinematically redundant

single-chip RIS.C processor. _ and hagn —r) redundant degrees of mobility.
Compare withcomplex instruction set Manipulator can be redundant with respect to
computer a task and nonredundant with respect to an-

) other. See alssedundant manipulator
reduced-order model a mathematical

representation of a system that is obtained byredundanc encodina  anv diaital encod-
neglecting portions of a more explicit (de- Y g y dig

. ing scheme which takes advantage of redun-
tailed) model. In large-scale power system : o ; )
. ) . : 7 dancy in the digital signal. For example, in
analysis, this term is typically used to indi- . L
. ; run-length encoding, a gray scale digital im-
cate a model derived by neglecting the elec-a e is represented by the arav level of a pixel
tric transients in the stator voltage equations 9 P ythe gray b

. ; . and the number of times adjacent pixels with
of all machines and in the voltage equations ) P

that gray level appear. So an image contain-
of power system components connected to. gray PP 9

the stators of the machines. ing large regions of asingle gray_levgl can be
represented with a great reduction in digital

reduced-voltage motor starter a de- information.

vice designed to safely connect an electric o
motor to the power source while limiting rédundancy statistics model  refers to
the magnitude of its starting current. Var- stat|§t|cal_s_|mllar|t|es such_ag correlation and
ious electromechanical configurations may predictability of datg. Statistical r(_edundan_cy
be used: primary resistor, delta-wye, part- ¢an bg removed without destroying any in-
winding (requires special motor or dual volt- formation.
age windings). Power electronic devices may
also be utilized to gradually increase the ap-redundancy-free channel coding refers
plied voltage to system levels. The complete to methods for channel robust source coding
starter must also include fault and overload where no “explicit” error protection is intro-
protection. duced. Instead, knowledge of the source and
source code structure is utilized to counteract
redundancy (1) the use of parallel or se- transmission errors (for example, by means
ries components in a system to reduce theof an efficient index assignment).
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redundant array of inexpensive disks memory for more than one invocation of the

(RAID) standardized scheme for multiple- program (each with its own data), rather than

disk data base systems viewed by the operatseparate copies of a program for each invo-

ing system as a single logical drive. Data is cation. The read and write operations must

distributed across the physical drives allow- be timed so that the correct results are always

ing simultaneous access to data from multipleavailable and the results produced by an in-

drives, thereby reducing the gap between pro-vocation are not overwritten by another one.

cessor speeds and relatively slow electrome-

chanical disks. Redundant disk capacity canreference black level picture signal level

also be used to store additional information to corresponding to a specified maximum limit

guarantee data recoverability in case of diskfor black peaks.

failure (such as parity or data duplication).

The RAID scheme consists of six levels (O reference frame  Seebase frame

through 5), RAIDQ) being the only one that

does not include redundancy. reference impedance impedance to
which scattering parameters are referenced.

redundant manipulator ~ the manipulator

is called redundant if more degrees of mo- reference matrix atriangular array of bits

bility are available than degrees of freedom used to implement the least recently used al-

required forthe execution ofagiventaskee  gorithm in caches. When tlith line is refer-

alsodifferential kinematicsredundancy enced, all the bits in thigh row are settoa 1
and then all the bits in thigh column are set

redundant number system the system toa 0. Having Os in thgh row and 1s in the

in which the numerical value could be repre- jth column identifies théh line as the least

sented by more than one bit string. recently used line.

Reed switch amagnetomechanical device reference monitor  a functional module
composed of two thin slats of ferromagnetic that checks each attempt to access memory
material within a hermetically sealed capsule to determine whether it violates the system’s
that attract each other when an external mag-security policy, intercepting it if a violation
netic field (from an electromagnet or perma- is imminent. The memory management unit
nent magnet) induces opposite poles at thecan provide this service, provided that the
overlapping ends of both slats. access control information contained there is
known to be consistent with the security pol-
Reed-Solomon code an extension of icy.
BAH codes to nonbinary alphabets devel-
oped by Driving Reed and Gustave Solomonreference node one node in a network that
independently of the work by Bose, Chaud- is selected to be acommon point, and all other
huri, and Hocquenghem. Arguably, the most node voltages are measured with respect to
widely used of any forward error control that point.
code.
reference point  Seeset point
reentrancy the characteristic of a block
of software code that, if present, allows the reference white in a color matching pro-
code in the block to be executed by more thancess, a white with known characteristics used
one process at a time. as a reference. According to the trichro-
matic theory, it is possible to match an arbi-
reentrant a program that uses concur- trary color by applying appropriate amounts
rently exactly the same executable code inof three primary colors.
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reference white level picture signal level (300— 75)/(300+ 75) = 0.6, which means
corresponding to a specified maximum limit that 60% of the energy received from the an-
for white peaks. tenna.

reflectance the physical property of mat- reflection grating a diffraction grating
ter to reflect light, defined (punctually) as the that operates in reflection, i.e., the diffracted

ratio between the intensitf(x) of a pointx  light is obtained by reflecting off the grating.
of an image and the irradiande(x) in the
same point. reflective notching  an unwanted notching

or feature size change in a photoresist pattern
reflected power  power in the reflected caused by the reflection of light off nearby
part of an electromagnetic wave. topographic patterns on the wafer.

reflected wave the resultthatensueswhen reflectivity  a property that describes the

a high-speed electromagnetic wave reacheseflected energy as a function of the incident
the end of a transmission line, when the line energy of an EM wave and a material body.
is not terminated with an impedance match- The property may be quantified in terms of
ing the surge impedance of the line. When athe magnitude of the reflection coefficient or
surge reaches an open circuited line terminal the ratio of the incident to the reflected field.

the reflected voltage wave equals the incident

voltage wave, resulting in a doubling of the reflectometer  instrument that measures

level of the voltage surge at that point. reflected power.

reflection  in electromagnetic wave propa- reflector antenna  an antenna comprised
gation, the change in direction of propagation of one or more large reflecting surfaces used
of a plane wave due to the wave being inci- to focus intercepted power around a small
dent on the surface of a material. Typically, region where a primary feed antenna is then
the effect is greater in the case of a materialused to input the power to the receiver elec-
that has a high electrical conductivity. tronics. Also used to transmit power in nar-
row angular sectors.

reflection coefficient (1) the ratio of the
reflected field to the incident field at a mate- reflex klystron  a high-power microwave
rial interface. tube oscillator.

(2) another way of expressing the impe-
dance. The reflection coefficient is defined refraction the process undertaken by
as how much signal energy would be re- an electromagnetic wave wherein the wave
flected at a given frequency. Like impedance, changes direction of propagation as it is in-
the reflection coefficient will vary with fre- cident on the edge of a material. The wave
qguency if inductors or capacitors are in the undergoes a “bending” action, sometimes re-
circuit. The reflection coefficient is always ferred to as knife edge refraction, and the
defined with respect to a reference or charac-‘bending” angle is less than 90 degrees. Re-
teristic impedance£ (Z — Zo)/(Z + Zy)). fraction may also occur as a wave propagates
For example, the characteristic impedancethrough a media such as the atmosphere.
of one typical TV transmission line is 75
ohms, whereas another type of TV trans-refractiveindex aparameter of a medium
mission line has a characteristic impedanceequal to the ratio of the velocity of propaga-
of 300 ohms. Hooking up a 75-ohm trans- tion in free space to the velocity of propaga-
mission line to a 300-ohm transmission line tionin the medium. Itis numerically equal to
will result in a reflection coefficient of value the square root of the product of the relative
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permittivity and relative permeability of the erosion image segmentationmathematical
medium.See alsandex of refraction morphology

refractivity  the refractive index minus 1. region of absolute convergence the set
of complex numbers for which the mag-

refractory period a period of time af- nitude of the Laplace transform integral is

ter the initiation of an action during which finite. The region can be expressed as

further excitation is impossible (absolute re-

fractory period) or requires a greater stimulus 04+ < Re(s) <o_

(relative refractory period).
whereo . ando_ denote real parameters that

refresh  refers to the requirement that dy- are related to the causal and anticausal com-
namic RAM chips must have their contents ponents, respectively, of the signal whose
periodically refreshed or restored. Without a Laplace transform is being soughtRe(s)
periodic refresh, the chip loses its contents.represents the real part of
Typical refresh times are in the 5-10 millisec-
ond range See alsanemory refresh region of asymptotic stability ~Seeegion
of attraction

refresh cycle (1) a periodically repeated
procedure that reads and then writes back théegion of attraction  the region around an
contents of a dynamic memory device. With- equilibrium state of a system of differential
out this procedure, the contents of dynamic or difference equations such that the trajec-
memories will eventually vanish. tories originating at the points in the region

(2) the period of time taken to “refresh” a Cconverge to the equilibrium state. Trajecto-

portion of a dynamic RAM chip’s memory. fies starting outside the region of attraction of
See alsagefresh the given equilibrium state may “run away”

from that equilibrium state.

refresh period  the time between the be- )
ginnings of two consecutive refresh cycles region of convergence (ROC) (1)anarea

for dynamic random access memory devices 0N @ display device where the image dis-
played meets an accepted criteria for raster

regeneration the process of returning en- coordinate deViationseaegion of absolute

ergy back into a system during a portion of convergence
the machine’s operating cycle. (2) the set of complex numbess= a +
jb for which the magnitude of the Laplace
regeneration loop  a water purification transform integral is finite. The region can
system used to maintain proper conditions of be expressed as:
the cooling liquid for a power vacuum tube.
o_ < Reals) < oy,

regenerative braking a method for ex-
tracting kinetic energy from the load, con- wheres_ ando denote real parameters that
verting it back to electricity, and returning it aré related to the causal and anticausal com-
to the supply. Used widely in electric train Ponents, respectively, for the signal whose
drives and electric vehicles. Laplace transform is being sought.

(3) the set of complex numbets= e*’
region growing  the grouping of pixels for which the magnitude of the-transform
or small regions in an image into larger re- sum is finite. The region can be expressed
gions. Region growing is one approach as:
to image segmentationSee alsadilation, R_ < |z] < Ry,
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whereR_ andR denote real parametersthat register window in the SPARC architec-
are related to the causal and anticausal comture, a set or window of registers selected out
ponents, respectively, for the signal whase of a larger group.
transform is being sought.

registration  the process of aligning mul-
region of interest (ROI)  a restricted set tiple images obtained from different modali-
of image pixels upon which image process- ties, at different timepoints, or with different
ing operations are performed. Such a set ofimage acquisition parameterSeefusion

pixels might be those representing an object
that is to be analysed or inspected. regression the methods that use backward
prediction error as input to produce an esti-

or variables where the function has non-zerothe regression of on X, denoted by (y), is
value. defined as the first conditional moment, i.e.,

register  a circuit formed from identical r(y) = E(X]y).
flip-flops or latches and capable of storing

several bits of data. . .
regular controllability a dynamical sys-

tem is said to be regularly controllable in time
interval[zg, t1] if every dynamical system of
the form

register alias table  Seevirtual register

register direct addressing an instruction
addressing method in which the memory ad- X(1) = Ax()x (1) + biu; (1)
dress of the data to be accessed or stored is s

found in a general purpose register. j=12....m

is controllable wheréb; is the jth column
of the matrix B andu(z) is the jth scalar
admissible control.

register file  a collection of CPU registers
addressable by number.

register indirect addressing an instruc-  regylar cue any regular recurring
tion addressing method in which the register yoint/element of a signal that can be used to
field contains a pointer to a memory location gjgna| the start of a new signal sequence; e.g.,

that contains the memory address of the datgne |eading edge of a 60-Hz square wave is a
to be accessed or stored. regular cue.

register renaming  dynamically allocat- regular form  a particular form of the
ing a location in a special register file for an state space description of a dynamical sys-
instance of a destination register appearingintem. This form is obtained by a suitable
an instruction prior to its execution. Used to transformation of the system state. The reg-
remove antidependencies and output depenglar form is useful in control design.
dencies.See alsgeorder buffer

regularization  a procedure to add a con-
register transfer notation  a mathemat- straint term in the optimization process that
ical notation to show the movement of data has a stabilizing effect on the solution.
from one register to another register by using
a backward arrow. Notation used to describeregulation  the change in voltage from no-
elementary operations that take place duringload to full-load expressed as a percentage of
the execution of a machine instruction. full-load voltage.
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regulator  a controller designed to main- exists an admissible contral?), ¢ € [0, 1],
tain the state of the controlled variable at such that the corresponding trajectory satis-
a constant value, despite fluctuations of thefies the condition

load.

x (11, x(0), x0, u) = x1
reinforcement learning  learning on the
basis of a signal that tells the learning system
whether its actions in response to an input (or
series of inputs) are good or bad. The signal
is usually a scalar, indicating how good or
bad the actions are, but may be binary.

relative entropy information theoretic
guantity representing the “distance” between
two probability distribution functions. Also
known as the Kullback-Liebler distance. For
two probability mass functiong(x) and

rejection criteria criteria such as poor q(x), the relative entropy>(pllq) is given

surface texture, existence of scratch marks,”’
and out-of-tolerance distance measures, which (x)

: oct D(pllg) = p(x)log 225
constitute reasonable grounds for rejecting a piq) = p 9 qgx)
product from a product line. _ o )

This quantity is only a pseudo-distance, as

relational model  a logical data struc- DP(rllg) # D(ql|p).
ture based on a set of tables having common lative i . . . "
keys that allows the relationship between datal€'2lVe Intensity noise  noise resulting

items to be defined without considering the from undesirable fluctuations of the optical
physical database organization power detected in an optical communication

system.

relative addressing an addressing mech-
anism for machine instructions in which the
address of the target location is given by the
contents of a specific register and an offset
held as a constant in the instruction added
together. See alsoPC-relative addressing
index registerbase address

relative permeability  the complex per-
meability of a material divided by the per-
meability of free spacei, = w/uo.

relative permittivity ~ the complex permit-
tivity of a material divided by the permittivity
of free spaceg, = €/¢o.

relative-address coding in facsimile cod-

ing, represents the transition between levels

on a particular scan line relative to transi-

tions on the preceding scan line. A relative-

address coding system has a pass mode codgg|ative sensitivity ~ denotedS) (y, x) and

word for indicating where a pair of transi- yefined as follows:

tions on the previous line does not have cor-

responding transitions onthe currentlineand S’ (), x) = dyx _dy/y _dlny

a runlength coding mode applied when there ! dxy Odx/x  dlnx

is no nearby suitable transition on the previ- |tis usually used to establish the approximate

ous line. CCITT Group IV facsimile uses a relationship between the relative changes

form of relative-address coding. 8y = Ay/y andéx = Ax/x. HereAy and
Ax are absolute changes. If these relative

relative controllability  a dynamical sys-  changes are small, one writes that
tem with delays in which for a given time

interval [0, 11] if for any initial condition Sy ~ Sf;s)c
(x(0), xp) and any final vectat; € R" there

relative refractive index difference  the
ratio (n? — n3)/2n? ~ (n1 — n2)/n1 where
n1 > no andny andny are refractive indices.
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This relationship assumes tt&a} is different  ratus or other abnormal or dangerous occur-

from zero. IfS) = 0, the relative changés  rences and to initiate appropriate control ac-

andsx may be independent. The properties tion. When the voltage or current in a relay

of relative sensitivity established by differen- exceeds the specified “pickup” value, the re-

tiation only are tabulated and may be found lay contact changes its position and causes

in many textbooks and handbook3ee also  an action in the circuit breaker. A decision is

absolute sensitivity sensitivity, sensitivity =~ made based on the information from the mea-

measuresemi-relative sensitivity suring instruments and relayed to the trip coil

of the breaker, hence the name “relay.” Other

relaxation (1) a general computational relays are used as switches to turn on or off

technique where computations are iteratedequipment.

until certain parameter measurements con-

verge to a set of values. relay channel a multiterminal channel in
(2) the response of a linear time invari- which the receiver observes the transmitted

ant system can be represented as the sum afignal through two channels: one direct to

the zero-input response (system response tthe transmitter, the other via an intermediate

a zero input function) plus the zero-state re- transmitter/receiver pair.

sponse (system response to an input func-

tion when the system is in the zero state). reliability the probability that a compo-

Relaxation is the process of putting a sys- nent or system will function without failure

tem into its zero-state, i.e., all initial condi- over a specified time period, under stated

tions are zero and there are no internal energyconditions.

stores. A system is considered relaxed if it is

inthe zero stateSee alsoelaxation labeling  reliapility criteria  a set of operating con-

optimization ditions that the system operator adheres

relaxation labeling an iterative mathe- to in order to guarantee secure operation.
matical procedure in which a system of val- . .
{elocatablhty the capability for a program

ues is processed, e.g., by mutual adjustment be loaded int t of that i
ofadjacentorassociatedvaIues,untilastable0 € loaded into any part of memory that 1S

stateis attained. Especially useful for achiev- convenient and still execute correctly.
ing consistent optimal estimates of pixel in- . . . .
tensities or deduced orientation values for élocationregister  register used to facili-

points on the surface of an objecee also tate the placementin varying locations of data
relaxation optimization and instructions. Actual addresses are calcu-

lated by adding program-given addresses to
relaxation oscillations  the damped out- the contents of one or more relocation regis-

put oscillations that occur in some laser os- t€rS:

cillators when they are perturbed from steady
state. reluctance the resistance to magnetic flux

in a magnetic circuit; analogous to resistance
relaxationtime  the time in which the ini-  in an electrical circuit.
tial distribution of charge will diminish to 1/e
of its original value. reluctance motor  a motor constructed on
the principle of varying reluctance of the air
relay a device that opens or closes a con-gap as a function of the rotor position with
tact when energized. Relays are most com-respect to the stator coil axis. The torque
monly used in power systems, where their in these motors arises from the tendency of
function is to detect defective lines or appa- the rotor to align itself in the minimum re-
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luctance position along the length of the air various locations within substations and gen-

gap. erating plants for telemetry to the energy
management system.

reluctance torque the type of torque are-

luctance machine’s operation is based uponremovable disk  disk that can be removed

Areluctance torque is produced in amagneticfrom disk drive and replaced, in contrast with

material in the presence of an external mag-a non-removable disk, which is permanently

netic field, which makes it to line up with the  mounted.See als@xchangeable disk

external magnetic field. Aninduced field due

to fringing flux develops a torque that even- rename register ~ Seevirtual register

tually twists the magnetic material around to

align itself with the external field. rendering (1) the preparation of the repre-

sentation of an image to include illumination,

remanent coercivity  the magnetic field  ghading, depth cueing, coloring, texture, and
required to produce zero remanent magne-

SHUREY - ] reflection.
tization in a material after the material was . .

. L (2) common techniques include Phong
saturated in the opposite direction.

and Gouraud shading; more complex render-
ing models such as raytracing and radiosity
emphasize realistic physics models for cal-
culating light interactions and texture inter-
actions with objects.

remanern magnetisn  Seeresidu
magnetism.

remanent polarization the residual or re-
manent polarization of a material after an ap- .
plied field is reduced to zero. If the material renewable fus_e a fuse consisting of a
was saturated, the remanent value is usualbyeusable cartridge and a fusible element that
referred to as the polarization, although evenCan be replaced.

at smaller fields a (smaller) polarization re- )
mains. reorder buffer  a set of storage locations

provided for register renaming for holding

rial, the value of the magnetic flux density P& generated not in program order. At some
when the magnetic field intensity is zero. ~ Stage, the results will be returned to the true

(2) the magnetic inductior) ofamagnet ~ destination registers.

after the magnetizing field is removed and

an air gap (hence self-demagnetizing field) repeatability  the ability of a sensor to re-

is introduced to the magnetic circuit. Also Produce outputreadings for the same value of

called retentivity or residual induction. measurand, when applied consecutively and
under the same conditions.

remote sensing the use of radar, satellite

imagery, or radiometry to gather data aboutrepeater  electromagnetic device that re-

a distant object. Usually, the term refers to ceives a signal and amplifies it and retrans-

the use of microwaves or millimeter waves mits it. In digital systems, the signal is re-

to map features or characteristics of planetarygenerated.

surfaces, especially the Earth’s. Applications

include military, meteorological, botanical, repetition coding the simplestform of er-

and environmental investigations. ror control coding. The information symbol
to be transmitted is merely repeated an un-

remote terminal unit (RTU) hardware even number of times. A decision regarding

that gathers system-wide real-time data fromthe true value of the symbol transmitted is
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then simply made by deciding which symbol reset scrambling atechnique of random-

occurred the greatest number of times. izing a source bit sequence by adding the
sequence to a pseudo-random bit stream us-

representation singularity of ¢ a setof NG element-wise modulo-2 arithmetic. The

orientations for which the determinant of the Source sequence is recovered at the de-
transformation matrix in the analytical Jaco- ¢oder through addition of the demodulated

bian vanishesSee alsanalytical Jacobian ~ Pit stream with the same pseudo-random se-
guence. The pseudo-random sequences are

usually generated with linear feedback shift
registers which must be aligned with a re-
tSet or framing signal in order to recover the
‘source sequence accurately.

representative level one of the discrete
output values of a quantizer used to represen
allinput values in a range about the represen
tative level.See alsalecision level

reset time for a line recloser or cir-
reprocessing the recycling of reactor fuel  cuit breaker, a time begins when the device
by separation into fissile, non-fissile, radioac- successfully recloses following a temporary
tive and non-radioactive components suchfault. After the reset time elapses, the fault
that wastes can be isolated and fissile ma-cycle is considered over, and any subsequent
terial re-used to make more reactor fuel.  fault will be treated as the first fault in a new
cycle.

repulsion—induction motor a single-

phase motor designed to start as a repulsiorfésidential loop  two radial sources com-
motor, then run as an induction motor. The ing in to an open point used for switching.
rotor has a DC-type winding with brushes

shorted together, in addition to the normal residual current circuit breaker ~ Euro-
squirrel cage winding. Although it is an ex- pean term for ground fault interrupter.
pensive design, it provides excellent start-

ing torque with low starting current (similar residual error  the degree of misfit be-

to a universal motor) and relatively constant tween an individual data point and some
speed under load. model of the data. Also called a “residual”.

requirements analysis a phase of soft- residual inductance ~ Seeremanence

ware development life cycle in which the
business requirements for a software produc
are defined and documented.

lresidual magnetism aform of permanent

magnetism, referring to the flux remaining in
a ferromagnetic material after the MMF that
) created the flux is removed. For example,
reservation ALOHA (R-ALOHA) &  if a bar of steel is surrounded by a coil and
class of multiple access control protocol in ¢ rrentis applied to the coil, the steel bar will
which the user transmits the first packet in ¢reate a magnetic field due to the rotation of
random access fashion. If successful, theyhe gomains in the steel. After the current is
user will have a fixed part of the channel ca- removed, some of the domains will remain

pacity allocated. aligned, causing magnetic flux.

reservation station storage locations residual overcurrent relay  an overcur-

placed in front of functional units and pro- rent relay that is connected to sense resid-
vided to hold instructions and associated ual current. Residual current is the sum of
operands when they become available. Usedhe three phase currents flowing in a current
in a superscalar processor. transformer secondary circuit, and is propor-
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tional to the zero sequence current flowingin  (3) the ability to distinguish between two
the primary circuit at that point. units of measurement.

_ _ o _ (4) the number of pixels per linear unit (or
residualpyramid ~ Seepredictive pyramid  per dimension) in a digital image.

(5) the smallest feature of a given type that

. o ) can be printed with acceptable quality and
residual vector quantization ~ Seeinter-  control.

polative vector quantization (6) refers to the ability to resolve two point

L ) targets which are closely spaced in time or
re5|st|_V|ty (1)t_he productc_)fthe reS|sta_nce frequency. For a linear system, resolution
of a given material sample times the ratio of .o, he measured in terms of the width of the
its cross-sectional area to its length. output pulse produced by a point target. In

(2) an electrical material property de- jmaging applications, resolution refers to the

scribed by a tensor constant indicating the number ofindependently detectable, control-
impedance of free electron flow in the ma- |aple or displayable points.

terial. Resistivity relates the electric field

strength to the conduction current, and can oqglvable component a component of a

be expressed as the inverse of the conductiv-signa| that exists in a group of components (a

ity. sum of signals) such that the amplitude of the

. ) ] component can be approximately determined
resistance ratio of the potential of an elec- by correlation of the overall signal with a

trical current applied to a given conductor to component signal of unit amplitude. Typi-
the current intensity value. cally, the different signal components are de-
layed versions of the same signal received at
resistance ground agrounding schemein  a receiver in a channel with multipath prop-
which the neutral of Y-connected machines aga’[ion_ The different de|ay components are
is connected to ground through a resistancethen resolvable if the relative delay between
such that ground-fault currents are limited.  any two components is greater than the re-
ciprocal of the transmitted signal bandwidth.
resistance grounded Seelow resistance
grounded systephigh-resistance grounded resolver  an electric machine that is used
system to provide information about the position of
a motor-driven system. The shaft of the re-
resistive mixer  a device used to convert solver is connected to the main motor either
microwave frequencies to intermediate fre- directly or through gears. The rotor contains
quencies. Depending on the frequency ofa single winding, while the stator typically
microwaves to be converted, the intermedi- contains two windings in quadrature. One
ate frequencies can be UHF, VHF, or HF.  stator winding and the rotor winding are ex-
cited, while the remaining stator winding is
resolution (1) the act of deriving from a shorted. When the resolver is rotated by the
sound, scene, or other form of intelligence, main motor, voltages are produced in the sta-
a series of discrete elements from which thetor windings that can be used to determine
original may subsequently be reconstructed.the position. For multi-turn systems, two re-
The degree to which nearly equal values of asolvers (coarse and fine) may be required.
guantity can be discriminated.
(2) the fineness of detailin a measurement.resonance in an RLC circuit, the reso-
For continuous systems, the minimum incre- nance is the state at which the reactance of
ment that can be discerned. the inductor,X;, and the reactance of the
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capacitor,X ¢, are equal. resonant link inverter an inverter that
uses a resonant circuit to convert a constant

XL =2nfL DC voltage to a pulsating DC voltage. The

Xc=1/2rfc) switching elements in the inverter are then
turned off during the times that the input volt-
age is zero, a technique referred to as soft-
switching. Resonant switching techniques
reduce the switching losses and allow high
switching frequency operation to reduce the
size of magnetic components in the inverter
unit.

resonance fluorescence the modified flu-
orescence produced when a quantum me
chanical system is strongly driven by one or
more near-resonant electromagnetic fields.

resonance Raman system Raman sys-
tems that have a near-resonant intermediate

state. Resonance Raman systems are somé&esonant tunneling  refers to the process
times referred to as lambda systems and carPf resonant enhancement of electron tunnel-

exhibit coherent population trapping. ing by intermediate energy states. In the sim-
plest case, it occurs when incoming electrons

resonant in any circuit or system under coincide in energy with the states created in

excitation, the frequency at which a pair of the well.

reactive components cancels (pole or zero)

resulting in a natural mode of vibration. resonator (1) circuit element or combina-
tion of elements, which may be either lumped

resonantantenna linearantennasthatex- or distributed, that exhibit a resonance(s) at

hibit current and voltage standing wave pat- one or more frequencies. Generally, a reso-

terns formed by reflections from the open end nant condition coincides with the frequency

of the wire. where the impedance of the circuit element(s)
is only resistive.

(2) cavity with reflecting surfaces de-
signed to support low-loss oscillation modes.
See also bi-directiond resonatg concentric
resonatar confocal resonator high-loss
resonatar plane-parallel resonatorring
resonatar standing-wave resonator
unidirectional resonatpunstable resonator

resonant cavity cavity with reflecting sur-
faces or mirrors that can support low-loss os-
cillations. By closing a metallic waveguide
by two metallic surfaces perpendicular to its
axis, a cylindrical cavity is formed. Resonant
modes in this cavity are designated by adding
a third subscript so as to indicate the num-
ber of half-waves along the axis of the cav-
ity. When the cavity is a rectangular paral- - ) N
lelepiped, the axis of the cylinder from which résenator s.tablhty _ perturbation stability
the cavity is assumed to be made shoulgof an axial I|gh§ ray in a resonator; bounded-
be designated, since there are three possibl@€SS Of ray trajectories; corresponds to con-
cylinders out of which the parallelepiped may finement of the resonator modes; not the
be made. More generally, each closed cav-Same as mode stability (unstable resonators
ity may sustain a discrete infinity of resonant have stable modes).
field distributions.

resource auction multiple access (RAMA)
resonant frequency (1) a frequency at a multiple access protocol that stipulates
which the input impedance of an device is part of the frame for contention. Unlike
nonreactive, since the capacitive and induc-PRMA and D-TDMA, the contention is not

tive stored energy cancel each other. performed by an ALOHA-type of protocol
(2) an oscillation frequency of the modes but by an auction — a tree-sorting type of
of a resonator. algorithm.
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resource conflict  the situation when a restoration  the act of restoring electric
component such as a register or functionalservice to a consumer’s facility. A dis-
unit is required by more than one instruc- tinction is made between restoration and
tion simultaneously. Particularly applicable repair as repair implies that whatever was

to pipelines. the cause of the outage has been corrected,
whereas restoration implies that the power

response formula for general 2-D model was restored but it may have been through

the solution to the general 2-D model some means other than a repair, for ex-
ample through switching.See alsamage

Xit1j+1 = Aoxij + Arxiy1j + A2x j11
+Bouij + Biuiy1,j + Boui j11 (1a)
yij = Cxij + Du;j (1b) restore instruction  anassembly language

instruction that restores the machine state of
a suspended process to the active state.

restoration

i,j € Z4 (the set of nonnegative integers)
with boundary conditions;o,i € Z4 and

¥oj, ] € Z+ is given by retentivity ~ Seeremanence

i
xXij = Z Z (Ti—p-1.j—g-1Bo reticle  Seemask
p=1¢g=1
F Ty g 1Bi+Tiop1j—qB2)tipg retiming  the technique of moving the de-
. lays around the system. Retiming does not

1
alter the latency of the system.
+ > (Ti—pj-1[A1 Bi] y y

p=t retire unit  in modern CPU implementa-

+ T_p-1,j-1[A0 Bo]) [xpo} (2)  tions, the module used to assure that instruc-
A Upo tions are completed in program order, even
though they may have been executed out of

J
+ Z (Ti—1,j—q [A2 B2 order.
g=1

retrace blanking  blanking of a display
] during vertical retrace to prevent the retrace

+ Ti-1,j—¢g-1[Ao Bo]) [xoq
line from showing on the display.

MOq

X
+Ti—1,j-1[Ao Bo] [ugg}

retrace switch  electronic method used to
wherex;; € R" isthe local state vectar;; €~ blank a display during retrace blanking.

R™ is the input vectorA, B; (k = 0,1, 2)

are given real matrices, and the transition ma-retrace time amount of time that a

trix T, is defined by blanked vertical retrace takes for a display
device. Note that this time is less than the
Iforp=¢g=0 time the display is blanked.
AOTp—l,q—l + AlTp,q—l
Tpg =1 +A2Tp-14f0r p.g=0 retrograde channel  fora MOSFET semi-
(p+q#0) conductor device, the channel region whose
Oforp <Oorfandg <0 doping is less at the surface of the channel

Substitution of (2) into (1b) yields the re- thanitis at some depth below the surface.
sponse formula.

retry a repetition of an operation, dis-
restart  the act of restarting a hardware or turbed by a transient fault, to obtain good
software process. result.
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return address  the address of an instruc- return-to-bias recording Seemagnetic

tion following a Call instruction, where the recording code

program returns after the execution of the

Call subroutine. return-to-zero recording ~ Seemagnetic
recording code

return difference matrix at the input

the transfer function matrix relating the dif- reusability  the possibility to use or easily

ference between the injected and the re-5qantthe hardware or software developed for
turned signal in afeedback loop that has been, system to build other systems.

opened at the input. This transfer function
matrix characterizes the effect of closing the
loop and is the mathematical entity that is
central to numerous control engineering the-
ories. For a nonunity feedback configuration
with both pre- and postcompensation, it is
given by

reuse  programming modules are reused
when they are copied from one application
program and used in another. Reusability is a
property of module design that permits reuse.

reuse ratio  the ratio of the physical dis-
tance between the centers of radio commu-
See alsoreturn difference matrix at the nication cells and the nominal cell radius.

1+ FGK(s)

output This term is usually used with reference to
the reuse of particular radio channels (e.qg.,
return difference matrix at the output cochannel reuse ratio).

the transfer function matrix relating the dif-

ference between the injected and the re-reverberation  inhomogeneities, such as
turned signal in a feedback loop that has beendust, sea organisms, schools of fish, and sea
opened at the output. For a nonunity feed- mounds on the bottom of the sea, form mass
back configuration with both pre- and post- density discontinuities in the ocean medium.

compensation, it is given by When an acoustic wave strikes these inho-
mogeneities, some of the acoustic energy is
1+ GKF(s) reflected and reradiated. The sum total of

all such reradiations is called reverberation.
Reverberation is present only in active sonar,
and in the case where the object echoes and

return instruction an instruction, when is completely masked by reverberation. the
executed, gets the address from the top of the pletely y '

: sonar system is said to be “reverberation-
stack and returns the program execution to,. ..~
limited.
that address.

See alsoeturn difference matrix at the input

returnloss  usually expressed in decibels, '€Verse breakdown — the diode operating

it is the magnitude of the reflection coeffi- region inwhich significant current flows from

cient; the return loss is a measure of the powerc@thode to anode, due to an applied voltage

reflected due to impedance mismatch of an€*ceeding the breakdown voltage.

antenna or other device. _ .
reverse breakdown region the region of

return stroke in lightning, the upward the I-V curve(s) of a device in which the de-
propagating high-current, bright, potential Vice is operating in avalanche or zener break-
discontinuity following the leader that dis- down.

charges to the ground some or all of the

charge previously deposited along the chan-reverse breakdown voltage Seereverse
nel by the leader. breakdown region
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reverse conducting thyristor (RCT) a
variety of asymmetric silicon controlled rec-
tifier in which the diode is integrated into the
thyristor structure.

reversible loss a decrease in magnetic
induction (B) of a permanent magnet when
subjected to thermal or magnetic demagneti-
zation thatis fully recovered (without remag-

netization) when the detrimental conditions
reverse engineering the reverse analysis are removed.
of an old application to conform to a new
methodology. reversible temperature coefficient for
permanent magnets, a quantity that indicates
the reversible change in magnetic induction

with temperature.

reverse generation-recombination current

part of the reverse current in a diode
caused by the generation of hole-electron
pairs in the depletion region. This current reversing amotor that can be runin either
is voltage-dependent because the depletiordirection through the use of suitable switches
region width is voltage-dependent. or contactors.

reverse isolation device or circuit loss in  reversing motor starter a motor con-
a path that is the reverse of the path normallytroller capable of accelerating a motor from
desired, expressed as the power ratio in decitest to normal speed in either direction of
bels of the RF power delivered to a load at rotation. Some reversing motor starters can
the input port versus the RF power incident go directly from forward to reverse (or vice
at the output port. The negative sign resultsversa), while others must be stopped before
from the term “loss.” a reversal of direction can take place. Both

electromechanical and electronic reversing
reverse leakage current anondestructive starters are available.
current flowing through a capacitor subjected
to a voltage of polarity opposite to that nor- revolute joint  a joint characterized by a
mally specified. rotation angle that is the relative displace-

ment between two successive links.
reverse link  Seeuplink.

revolving field  the magnetic field created

reverse saturation current  part of the by flow of a set of balanced three-phase cur-
reverse currentin a diode caused by diffusionrents through three symmetrically displaced
of minority carriers from the neutral regions windings. The created field revolves in the
tothe depletionregion. This currentis almost air-gap of the machine at an angular veloc-
independent of the reverse voltage. ity corresponding to the synchronous speed
of the machine. The revolving field theory is
the basis of functioning of synchronous and
induction machines.

reverse translation buffer Seeinverse

translation buffer

reverse voltage the voltage across the de- Reynolds number a nondimensional pa-
vice when the anode is negative with respectrameter used to determine the transition to
to the cathode. turbulence in a fluid flowing in pipes or past
surfaces.
reversible  a motor capable of running in
either direction, although it may be neces- RF
sary to rewire the connections to the motor
to change the direction of rotatiosee also
reversing

Seeradio frequency

RF amplifier — amplifier capable of provid-
ing gain at radio frequencies.
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RF choke alarge-valuedinductorthatex- resented in Cartesian coordinates as a unit

hibits a large reactance at the operating fre-cube, where the origin represents black and

guency that effectively blocks the RF signal. the point(1, 1, 1) represents whiteSee also
color space

RF input power  the difference between

incident power and reflected power at the rheobase the minimum current necessary

input into a device or circuit, expressed in to cause nerve excitation — applicable to a

watts. The specific point in the design at long duration current (e.g., several millisec-

which RF input power will be measured is onds).

important, since it will affect gain and effi-
ciency calculations. rib waveguide atype of dielectric waveg-

uide formed by several planar layers of di-
RF output power the difference in the electric media; the upper layer, instead of
power available under perfectly matched being planar, presents aridge (rib) where the
conditions and the reflected power taking the field is mostly confined. Used in integrated
output return loss into account, expressed inoptics.

watts. This is the RF power delivered to the ) )
load. Riccati equation  aclass of equations that

arises frequently in statistics and linear sys-
RF quadrature  part of a radio frequency tems theory, describing the evolution of the
receiver that contains circuits that can be Statistics of measured systems. As with the
tuned/varied to pass a desired signal carrierl-yapunov equation, several types exist. In
wave while rejecting other signals or carriers. €aCh casep, Q, R are symmetric positive
definite; A, B, C are arbitrary.
RF quadrature demodulation  radio fre- Continuous-time, - time-varying Riccati
quency demodulation of a signal that was Equation:
produced by two signals separated in phase . T
by 90 degrees. P=AW0P@)+ Pt)A (1)
+B0HQMB (1)

RF quadrature modulation radio fre- —POCHR YCHP@).
guency modulation of a signal that is pro-
duced by two signals separated in phase byContinuous-time algebraic Riccati Equation:
90 degrees.

0=AP+ PAT + BOBT — PCTRICP.
RF tuner  the part of a radio frequency
receiver that contains circuits that can be
tuned/varied to pass a desired signal carrier
wave while rejecting other signals or carriers.

Discrete-time algebraic Riccati Equation:
P =APAT + BOBT

-1
— APCT (CPCT +R) ~CPAT.
RFI  Seeradio frequency interference
See alsd.yapunov equatiopKalman filter
RFIC Seeradio frequency integrated
circuit. Rice distribution the probability distri-
bution of the magnitude of a complex quan-
RGB  the most widely used image rep- tity whose real and imaginary parts are in-
resentation, where color is represented bydependent Gaussian random variables with
the combination of the three primary col- nonzero mean. Frequently used to approx-
ors of the additive light spectrumSJee also imate multipath fading statistics in line-of-
tristimulus valug¢. The RGB space is rep- sight mobile radio systems.
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Rice factor  for a Rice-distributed sig- bers of the object to be accessed. A typical
nal, the parameter giving the ratio of the design assigns more privilege to lower num-
power of the static (direct) signal component bers, where the system programs reside. If
to the power of the remaining signal com- there are three access modes (execute, read,
ponents. The remaining signal componentswrite), three numberge, r, w) are assigned
(whichfollow a Rayleigh distribution) are of- to each object. Lep denote the ring hum-
ten referred to as the diffuse signal. The Riceber of the executing process. Then execute is
factor is a parameter of the Rician probability permitted ifp < e, read ifp < r, and write
density function.See alsdading Rician if p < w. This scheme is simple to explain,
but does not support general access control
Rician distribution ~ SeeRayleigh noise policies, since they cannot be mapped to a
linear sequence of integer values.
ridge detection Seeedge detection
ring resonator resonator in which for
right hand circular polarization the  much of the mode volume the electromag-
state of an electromagnetic wave in which the netic waves are described in terms of trav-
electric field vector rotates clockwise when elling rather than standing waves. Since the
viewed in the direction of propagation of the ring has no open ends, radiative losses are
wave. very small. In such a resonator, the mode
volume of the electromagnetic waves are
rigid body motion  motion of bodies that described in terms of travelling rather than
are assumed not to change their shape at allstanding waves.
i.e., deformation is absent or is neglected. In
contrast, non-rigid body motion takes defor- ringing (1) the phenomena in discrete-

mation into consideration. time (sampled data) systems in which a sys-
tem containing a single pole on the negative
rigid link Seédflexible link. real axis in the z-plane can oscillate with a

period of twice the sampling interval. Math-
ring bus  a power transmission scheme in ematically, this discrete effect can be related
which a region is supplied by a continuous, back to the discontinuity that exists along the
closed loop of power transmission lines. negative real axis in the z-plane.

(2) inimage processing, the occurrence of
ring coupler  atype of planar 180 degree ripples near edges in an image processed by
hybrid that can easily be constructed in planara lowpass filter with a steep transition band.
(micro strip or stripline) form.

ripple the AC (time-varying) portion of
ring network  a network topology where the output signal from a rectifier circuit.
all nodes are connected in a loop. The topol-
ogy is resilient to breaks in the loop as traf- ripple current  the total amount of alter-
fic can be rerouted in either direction. Also nating and direct current that may be applied
known as loop network. to an electrolytic capacitor under stated con-
ditions.
ring numbering  for access control, pro-
tection scheme in which every memory ob- ripple-carry adder a basicn-bit adder
ject is assigned a set of ring numbers andthatis characterized by the need for carries to
every executing process is assigned a numpropagate from lower- to higher-order stages.
ber. The legality of an access attempt is de-
termined by numeric comparisons betweenRISC Seeeduced instruction set computer
the execution ring number and the ring num- processar
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rise time  the time required for a digital tools or specialized manufacturing imple-
signal to make the transition from a “low” mentsthrough variable programmed motions
value to a “high” value. for the performance of specific manufactur-
ing tasks.”
rise time degradation a measure of the
slowing down of the pulse as it passes throughrobot programming language  a com-
an I&P element. Itincludes both the increase puter programming language that has spe-
in risetime of the pulse, as well as loss in cial features which apply to the problems
amplitude. of programming manipulators. Robot pro-
gramming is substantially different from tra-
rising edge in a clock or data signal, that ditional programming. One can identify sev-
portion of the signal that denotes the changeeral considerations that are typical to any

from the “low” state to the “high” state. robot programming method: The objects
to be manipulated by a robot are three-

RLL  Seerun-length limited code dimensional objects; therefore, a special type
of datais needed to operate an object. Robots

RMS  Seeroot-mean-squared error operate in a spatially complex environment.

The description and representation of three-
RMSdelayspread Seegoot-mean-squared dimensional objects in a computer are im-
delay spread precise. Also, sensory information has to

be monitored, manipulated, and properly uti-
RMS Doppler spread  Seeroot-mean- lized. Robot programming languages can be
squared Doppler spread divided into three categories:

1. Specialized manipulator languages

RMS gainripple  Seeroot-mean-squared built by developing a completely new lan-
gain ripple guage. An example is the VAL language de-

veloped by Unimation, Inc.
RMSphaseripple Seeoot-mean-squared 2. Robot library for an existing computer

phase ripple language. It is a popular computer language

augmented by a library of robot-specific sub-
RMS  power See root-mean-squared routines. An example is PASRO (Pascal for
power Robots) language.

3.Robotlibrary for a new general-purpose

RMW memory cycle  Seeread-modify-  |anguage. These robot programming lan-
write cycle guages have been developed by first creat-
ing a new general purpose language, and

robot  aterm originated from the Chech then supplying a library of predefined robot-

word robota, meaning work. specific subroutines. An example is AML
A definition used by the Robot Institute |anguage developed by IBM.

of America gives a more precise descrip-
tion of industrial robots: “A robot is a re- robot vision a process of extracting, char-
programmable multifunctional manipulator acterizing, and interpreting information from
designed to move materials, parts, tools, orimages of a three-dimensional world. This
specialized devices, through variable pro- processis also called as machine or computer
grammed motions for the performance of a visjon.
variety of tasks.”

The British Robot Association defines robot-oriented programming using a
a robot as “A reprogrammable device de- structured programming language that in-
signed to both manipulate and transport parts corporates high-level statements and has the
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characteristics of an interpreted language, inrobust fuzzy controller  afuzzy controller

order to obtain an interactive environment al- with robustness enhancement or robust con-

lowing the programmer to check the execu- troller with fuzzy logic concepts.

tion of each source program statement before

preceding to the next one. Robot-oriented robust fuzzy filter  a fuzzy filter with ro-

programming incorporates the teaching-by- bustness enhancement or robust filter with

doing method, but allows an interaction of fuzzy logic concepts.

the environment with physical realitySee

alsoteaching-by-showing programming robuststability — aproperty of the family of
models for the system with uncertainty which

robust control control ofadynamica] sys- ensures that it remains stable for all pOSSibIe

tem so that the desired performance is main-operating conditions for uncertain variables

tained despite the presence of uncertaintiedanging over their sets. For time-invariant
and modeling inaccuracies. linear systems with uncertainty, robust sta-

bility means that the family of characteristic
polynomials generated by uncertain param-

robust controller design  aclass of design defined h . h I
procedures leading to control s:ystemsthatareeters efined over the operating sets has a

robust in the sense of required performance.rOOtS_ endowed with negative re".’" pargee
Robust design is a feedback process involv—Kharltonov theore_”.” For nonlinear sys-
ing robustness analysis. A specific techniquetems’ robus_t stability could b_e checked by
used in robust controller design depends on>0me techniques bgse(_j on direct Lyapunov
the type of model describing a system and method or Popov criterion. In Some cases,
its uncertainty, control objective, and a set of the requirement of robust asymp'to'.uc Stab'_“ty
admissible controllers. The first requirement may_pe weake_ned by more realistic practical
is to ensure robust stability; this could be fol- stability or ultimate boundedness demand.

lowed by guaranteed cost, disturbance rejec-See alsractical stabilization
tion, robust poles localization, target sets or

tubes reachability, or other demands robust statistics  the study of methods

. by which robust measures may be extracted
Ackermann’s three basic rules of robust oy statistical or numerical data, thereby
controller design are as follows: excluding measurements which are unlikely
1. Require robustness of control system to be reliable and weighting other measure-
only for physically motivated parameter val- ments appropriately, thereby increasing the
ues and not with respect to arbitrarily as- accuracy of finally assessed values. Of spe-
sumed uncertainties of the model. cific interest is the systematic elimination

constraints, leave a slow system slow andfobustnessmedian filter

leave a fast system fast. ]
robustness (1) a control system quality

of keeping its properties in the admissible
range in spite of disturbances and other en-
See alsoworst-case designmin-max  vironmental perturbations as well as uncer-
control practical stabilization guaranteed tajnties in the system model. The most fre-
cost controlH infinity design quent requirements deal with robust stability
and robust performance expressed, for ex-

robust estimation  an estimation scheme ample, in terms of guaranteed cost. Robust
in which we optimize performance for the systems have the property of being insensi-
least favorable statistical environmentamongtive to changes in the model parameters as
a specified statistical class. well as external disturbances. Usually the

3. Be pessimistic in analysis; then, you
can afford to be optimistic in design.
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system robustness is reached via robust conrolling ball  a method of determining the

troller design, although systems could be ro- lightning protection to nearby structures af-

bustin some sense (for example, robustly staforded by a tall, well-grounded structure like

ble) without use of any special design tech- asteeltower. Ashpere with aradius of 45 me-

niques. ltis, for example, well known that tersisimagined rolled against the tower. Any

for the majority of real-world plants, stan- structure which can fit within the space de-

dard PID controller suitably tuned ensures fined by the sphere’s point of contact with the

sufficient robustness. Nevertheless, in manyearth, the base of the tower, and the sphere’s

situations, robustness can be guaranteed onlpoint of contact with the tower is considered

by sophisticated design techniques such ago be protected by the tower against lightning

H infinity design, min-max control, practi- strikes.Seecone of protection

cal stabilization, guaranteed cost control, and

others. rolloff  transition from pass-band to stop-
(2) the property of a process that results in band.

its being able to suppress the effects of noisy

or unreliable data, thereby arriving at reliable ROM  Seeread-only memory

measures or interpretations, and degrading

gracefully as more and more unreliable dataRomex cable  a heavily insulated, non-

is included. With image data, robust proce- armored cable used in residential wiring.

dures are those which are able to detect ob-

jects without becoming confused by partial rootlocus  the trajectory of the roots of an

occlusions, noise, clutter, object breakages,algebraic equation with constant coefficient

and other distortions. when a parameter varies.

ROC Seeeceiveroperating characteristicsroot sensitivity ~ the dependence of the

curve region of convergence poles and zeros of a lumped parameter cir-
cuit function on the circuit elements.
ROl  Seeregion of interest Let a lumped parameter circuit function

be represented as
rollback  Seebackward error recovery
am [Ti21(s — z0)
dn [Ti=1(s — pi)
wherez; are zeros ang; are poles. IfF (s) is
also afunction ofthe circuit elementthe lo-
cation of these poles and zeros will depend on
this element. This dependence is described
by the semirelative root sensitivities

Rollett stability factor ~ the inverse of the F(s) =

Linville stability factor (C), K is a measure
of potential stability in a 2-port circuit operat-
ing under small signal conditions, but stand-
alone is insufficient to guarantee stability. A
2-port circuit that is matched to a positive
real source and load impedance is uncondi-
tionally stable ifK > 1, B; > 0 (port 1 ' _
stability measure), an, > 0 (port 2 stabil- S,Az,-) = x% Sx(pi) = xm
ity measure). The design must provide suffi- dx .
cient isolation from the RF input and output The calculation of these sensitivities is sim-
ports to the bias ports to allow a reasonableplified when zeros and poles are simple (not
interpretation of the “2-port” device criteria. multiple). For example, for a simple poje,

the denominator of the circuit function satis-
1 1—|sulP—|smPP+|AP fies the relationship

K===
C 2-| 510521 |

D (pi) = D1(pi) +xD2(pi) =0
whereA = s11 - 522 — 512 - $21.
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and one can find that Also known as RMS power or average power.

ap; D2(pi)
— = X

S (p)=x rotate  a logical operation on a data ele-
dx D'(pi) ment that shifts each bit one position to the
where D' (p;) is the derivative of the poly- left or right. The bit at the end of the loca-
nomial D(p) calculated at the poing;. For  tion is transferred to the opposite end of the
multiple poles, the calculation of the root sen- element.
sitivity is more involved. The relationship
between the function sensitivity and poles rotating excitation system an excitation
and zeros sensitivities can also be estabsystem derived from rotating AC or DC ma-
lished. chines. The output of the system is still DC
and connected to the rotor.
root-mean-squared delay spread amea-
sure of the width of a delay power spectrum. rotating wave approximation assump-
Computed for the delay power spectrum in tion in a semiclassical model for the interac-
a similar fashion as the standard deviation istjon of light with atoms that all populations,
computed for a probability density function. field amplitudes, and polarization amplitudes
Usually known as RMS delay spread. change negligibly within one optical cycle.

root-mean-squared Doppler spread @  (gtating-rectifier exciter ~ an AC gener-
measure of the width of a Doppler power o with rotating armature and stationary
spectrum. Computed for the Doppler power fig|q whose output is rectified by a solid-

spectrum like the standard deviation is cOM- gia1e device located on the same shaft to sup-
puted for a probability density function. Also ply excitation to a larger electrical machine,

known as RMS Doppler spread. also connected to the same shaft.

root-mean-squared (RMS) error the

rotational latency  the time it takes for
square root of the mean squared error.

the desired sector to rotate under the head

root-mean-squared gain ripple  the dif- position before it can be read or written.

ference of the root-mean-squared (RMS) val- tational | ¢ " ,
ues of the power gain peaks and gain dipsro ational loss  one of several losses in a

relative to the RMS power across aspecifiedmtaﬂng electric machine that are primarily
band due to the rotation of the armature and in-

clude the friction and windage losses. Also
root-mean-squared phase ripple  the dif- called mechanical loss. They can be deter-
ference of the root-mean-squared (RMS) val- _mmed zy runn(;ng the :nazhme asa mo:]or at
ues of the phase peaks and phase dips reld!s rate spee at no oal_ ,_tz)ilssumlng the ar-
tive to a best fit linear phase response acros&ature resistance is negligible.

a specified band. ) N ) )
rotational position sensing a mechanism

root-mean-squared power the average Used in magnetic disks, whereby the disk in-
power, expressed in watts, delivered to theterrupts the 1/O controller when the desired
load over a complete period of im@&), as  Sector is under the read/write head. Used to

if the current and voltage were constant over"€cognize the different sectors in a track and

that time period. synchronize the different bits in a sector.
17 rotational transition  transition between
Prus = 7/0 p-dr. rotational states of a molecule.
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Rotman lens  a constrained cylindrical- power input and rotor power losseSee also

lens antenna over a wide instantaneous bandrotor power input

width as derived by W. Rotman and P. Franchi

(1980). The antenna configuration consistsyotor reference frame  atwo-dimensional

of astripline lens and line feed. The lens lay- space that rotates at the electrical angular

ers can use a microstrip printed-circuit con- velocity of a specified machine rotor. In

struction. Microstrip lines interconnect radi- electric machines/power system ana|ysis1 an

ating elements. orthogonal coordinate axis is established in
this space upon which fictitious windings are

rotor  the rotating part of an electrical ma- pjaced. A linear transformation is derived

chine including the shaft, such as the rotatingijn, which the physical variables of the sys-

armature of a DC machine or the field of a tem (voltage, current, flux) are referred to

synchronous machine. variables of the fictitious windingsSee also
ParK's transformation

rotor power developed  the amount of  5ppitray refereneframe synchronous

power developed by the rotor. In DC ma- yeference framestationary reference frame
chines, the developed power, frequently de-

noted byP,, is calculated as the product of

theinduced EMK, and the armature current

I,. In induction machines, the rotor power

developed is obtained by subtracting the ro-
tor copper losses from the air gap power.

rotor speed  quantification of the rota-
tional operation of the moving part of a ro-
tating electrical machine. The rotor speed is
measured either in Sl units in radians per sec-
ond (rad/s) or in practical units in revolutions

rotor power input represents the total per minute (rev/min).

power delivered from the armature coil of an _
induction motor across the air gap to the ro- "ough surface  surface whose corrugation
tor via the air gap magnetic flux. It is repre- 1S random and appreciable compared with the

sented, on a per-phase basis, by light wavelength so as to produce light scat-
tering. It is commonly characterized by the
RPI = I? (Roeq/s) root mean square and the correlation length

of the random height profile.
= IZRoeq + I? (Roeq(1— 5)/5) e

where | is the armature coil current, 2R, round-robin arbitration a technique for

is the equivalent per-phase rotor resistancech0osing which of several devices connected
reflected to the armature, ands the rotor {0 @ bus will get control of the bus. After a
slip speed. The first term on the right-hand device has had control of the bus, it is not
side represents the ohmic heating power dis-given control again gntil all other devi_ces on
sipated in the rotor windings, and the secondthe bus have been given the opportunity to get
term represents the conversion of electricalcontrolin a predetermined order. The oppor-

rotor power loss predetermined order among all the devices.

rotor power loss  represents the portion of rounding an operation that modifies a

the power transferred across the air gap to thefloating-point representation considered in-
rotor of an induction motor that is lost either finitely precise in order to fit the required

through ohmic heating of the rotor windings final format. Common rounding modes in-

or due to friction and windage losses in the clude round to nearest, round toward zero,
rotor. The mechanical power available at the and round toward positive or negative infin-
motor shaft is the difference between rotor ity.
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router  anode, connected to multiple net- tional characteristics for a 40-pin connec-
works, that forwards packets from one net- tor that links a computer to communication
work to another. It is much more complex equipment.

than bridges that work between networks

having compatible protocols. Also called a RSGNN Seerecursive self-generating

gateway. neural network

routing  given a collection of cells placed RSSI Seeeceived signal strengthindicator
on a chip, the routing routine connects the

terminals of these cells for a specific design
requirement. RTB reverse translation buffer. See

inverse translation buffer

row decoder logic used in a direct-access
memory (ROM or RAM) to select one of RTU  Seeremote terminal unit
a number of rows from a given row ad-
dress. See alsotwo-dimensional memory
organization

rubbers personal protective wear for
line workers, including insulating gloves,
sleeves, and rubber boots.

row-access strobe Seetwo-dimensional

memory organizatian ruby  amplifying medium employed in the

first man-made optical frequency laser.

RS flip-flop  a single-bit storage element,
usually formed by connecting two NOR or
NAND gates in series. RS stands for reset—4uency laser.
set. For state variabl@ and next state vari-

ableQ’, the simplified truth table is given as

ruby laser  first man-made optical fre-

runwinding  the mainwinding of asingle-
phase induction motor.

R|S|O0 ¢

ololo o run-length coding  the assignment of a
olol1 1 codeword to each possible run of Os (white
0|j1{0 O pel sequence) or run of 1s (black pel se-
o(1|1 0O guence) in a scan of the subject copy.
1/0|{0 1

11011 1 run-length encoding See run-length
11110 X limited code

111|1 X

run-length limited (RLL) code a line
the symbol “X” is used to denote an unknown code that restricts the minimum and/or max-
state for the flip-flop See alsdK flip-flop. imum number of consecutive like-valued

symbols that can appear in the encoded sym-
RS-170A technical standard developed by bol sequence.

the Electronics Industry Association that de-

scribes in detail the relationship between ver-running digital sum  the difference be-

tical, horizontal, and subcarrier componentstween cumulative totals of the number of

within a video signal. The standard permits logic 1s and number of logic Os in a binary

synchronization of two or more video signals. sequence. Itis acommon measure in the per-
formance of a line code.

RS-422 technical standard developed by

the Electronics Industry Association that de- runningintegral  forthe functionx (¢), the

fines the exact physical, electrical, and func- running integraly () is y (¢) = ffoo x(t)dr.
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An example of a running integral is the unit
stepu(t) = [ 8(z)dz, wheres(r) is the
unit impulse function.
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as probability distributions on the spaces of
pure strategies.

S Safe Medical Devices Act (SMDA) a

public law that imposes reporting require-
ments on “device-user facilities” includ-
ing hospitals, ambulatory surgical facilities,
S-100  a 100-pin bus formerly used by nursing homes, and outpatient clinics. They
computer hobbyests and experimenters.  are required to report information that “rea-
sonably suggests” the probability that a med-
S-matrix  Seescattering matrix ical device has caused or contributed to the

death, serious injury, or serious illness of a
S-parameters  Seescattering parameters  patient at that facility.

S-plane  the domain of the Laplace trans- gafequard  a program administered by the
form F(s) of a complex-valued function |nternational Atomic Energy Agency com-
f(@). Sinces is a complex number, the do- pising procedures and inspections which as-
main of (s) is the complex plane. The line g re that fissile materials from power reactors

s = jo, wherew is a real number, corre- e not diverted to nuclear weapons use.
spondstowheré& (s) is the Fourier transform

of £ (). safety  the probability that a system will

either perform its functions correctly or will
discontinue its functions in a well-defined,

f :
saddle a U-shaped piece of wire which is sale manner

crimped to a main conductor so that a hot tap
cf. can be readily attached at a later time.

S/H  Seesample-and-hold amplifier

safety-critical system asystem thatis in-
tended to handle rare unexpected, dangerous

saddle-point equilibrium  an equilibrium events.

in zero-sum game constituted by a pair of se- ) )

curity strategies of the players. The neces-S8d @ decline ranging from 0.1 to 0.9 pu
sary and sufficient condition for existence of in RMS voltage or current at the supply fre-
the saddle pointis equality of the security lev- guéncy for a time period of 0.5 cycles to
els for both players. If; denotes a cost func- 1 minute.

tion of the zero-sum game agt i = 1,2 a

strategy of theth player, then a paid;,d; ~ Sagittal projection  a projection of a

is in saddle-point equilibrium iff 3-dimensional object onto a 2-dimensional
plane which intersects the object in a front to
J(df.do) < J (df.d3) < J (d1,d3) back direction dividing the objects into right

and left halves. Typically with reference to

for all admissible(ds, d»). Depending of the ~an animal or human body.

type of game, the meaning of the cost func-

tional and strategies and the specific condi-Sagnac interferometer a common path
tions for the existence of the saddle point may interferometer devised by Georges Sagnac to
vary. If the equilibrium in pure strategies measure the ether wind, then adapted as an
does not exist and the game is played manyoptical gyroscope, and most recently utilized
times in the same conditions, then the saddlefor hyperspectral imaging. A Sagnhac inter-
point may be defined for average values of theferometer is composed of two coils of opti-
cost function and for mixed strategies defined cal fiber arranged so that light from a single
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source travels clockwise in one and counter-low-speed designs with short axial length and
clockwise in the other. large diameter.

Sagnac logic gate an all-optical gate saltand peppernoise Seempulse noise
based on a Sagnac interferometer.

SAM  Seestandard additive model
Sagnac, Georges (1869-1928) Born:

French scientist and professor at the Uni-
versity of Lille and the University of Paris,
active in the investigation of radiation pro-
duced by X-rays, and the optics of inter-
ference. The inventor of the common path
Sagnac interferometer.

samarium cobalt  a brittle, high-energy
magnetic material that is best known for
its performance at high temperatures, which
comes in two compositions, Smg€and a
higher energy SaCo7.

sample asingle measurementthatis taken
to be representative of the measured property
over a wider area, frequency range, or time
eriod. Whenrecording digital sound, a sam-
Ble is a voltage measurement that reflects the
intensity of the acoustic signal at a particu-
lar moment, and has a time period associated
salientfeature  acharacteristic oftenlocal it it, that is, the sample represents the sig-
feature on an object which can be detectedng) yntil the next measurement is made. In a
and used as part of the process of inferringyigital image, a sample is a single measure-
the presence of an object from its features.ment of light intensity at a particular point
Typical salientfeaturesinclude pointfeatures j, the scene, and that measurement is used to

such as corners and small holes, or fiducialyepresent the actual but unmeasured intensity
marks (e.g., on printed circuit boards), but gt nearby points.

may in addition include large-scale straight-
forwardly detected features such as large Cir'sample complexity  the number of train-

cular holes which can also aid the inferenceng examples required for a learning system

sail switch  a device used in control sys-
tems that detects the flow of air, or other gas,
and causes arelay to open or close as aresu
of the motion of the sail.

process. to attain a specified learning goal.
salient-pole drive See synchronous  sample space the set of all possible sam-
drive. ples of a signal, given the particular parame-

ters of the sampling scheme.
salient-pole rotor machine AC mo-
tor/generator design in which the rotor is con- sample-and-hold ~ Seesample-and-hold
structed of outward-projecting pole pieces amplifier.
mounted on a shaft-mounted central spider
assembly. Spider assemblies are typicallysample-and-hold amplifier (SHA) a
spoked. Pole pieces are built up from lam- unity gain amplifier with a mode control
inated sheets, which are bolted together be-switch where the input of the amplifier is con-
tween a pole shoe on the outer end and dovenected to a time-varying signal. A trigger
tail fixture on the inner end. The dovetails pulse at the mode control switch causes it to
are keyed into slots on the spider to mount theread the input at the instance of the trigger
pole pieces to the rotor. Rotor windings are and maintain that value until the next trigger
generally constructed from preformed, insu- pulse. Usually the signal is electrical, but
lated coils that are fit over the pole pieces other forms, such as optical and mechanical
during assembly. Salient rotors are typically forms, are possible. Also denoted S/H.
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sample-and-hold circuit a device witha sampling rate  Seesampling frequency
mode control switch that causes reading the

input at the instance of the trigger and main- sampling theorem See Shannon’s
taining that value until the next trigger pulse. sampling theorem

sampling  the act of tumning a time- SAR  Seesynthetic aperture radaor
continuous signal into a signal that is time- gpecific absorption rate

discrete or time-discontinuous. See the fol-
lowing diagrams, wherd is the sampling  gatejiite cell  cell with the radius larger

period. than 500 km where the cell is controlled by
a satellite.See alseell.
&lt) gt
satellite imagery  the acquisition of pic-
tures of the earth from space. Satellite im-
’ agery can be used to enhance maps, col-
T [ lect resource inventories (e.g., forestry, wa-
T, 21, oI, aT, ST, s ToT, am a4, ST b ter, land use), assess environmental impact,
appraise damage following a disaster, and
collect information on the activities of hu-
mans. Satellite imagery tends to be multi-
spectral, including a wide range of optical
frequencies and, more recently, infrared and
radar.See alsaemote sensing

/_

The sampling process.

In order to maintain frequency compo-
nents of interest in the time-discontinuous
signal, the Nyquist sampling criterion needs
to be satisfied. This criterion states that the
rate of sampling of the time-continuous sig- . 110 ansorber  the nonlinear optical
nal has to be at least twice as great as the

requencyof he sgnal componentwihthe 1STOTETn 1A e bsorpion el
highest frequency which is of interest in the y

. ) . oo of the light used to measure the absorption
time-continuous signal. Sampling is very

L . S increases.
common in digital recording and digital com-

munication systems. .
saturable absorption  the effect of there

being less absorption in a material for larger

sampling frequency in analog-to-digital > ) en
values of the incident illumination.

conversion, the rate or frequency at which an

analog signal is sampled and converted into _ o
a digital signal. saturated gain  value of the gain in a sat-

urable amplifier for a particular value of in-

sampling function ~ a mathematical func- ~tensity.
tion used when sampling a signal. In partic-
ular, a sampling functios(r) can be multi- ~ Saturated logic  logic gates whose output
plied by the continuous function to be sam- is fully on or fully off, determined principally
pled, F (1), to obtain the sampled version of by the external circuit.
F. S is most often a collection of equally
spaced impulses. saturating control  acontroller producing
a bounded control signal. Finite limits on
sampling period  the period for whichthe the magnitude of the control signals that are
sampled variable is being held constant. provided by the actuators are due to the fact
that the actuators are physical devices and
sampling process Seesampling as such are subject to physical constraints.
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Thus, the actuator saturates, that is, it hassince the device must conduct before it can
“limited authority.” saturate.

saturation (1) the failure of the outputto  saturation flux density ~ the maximum

increase as fast as the input. value of intrinsic induction ;) beyond
For example, often the current regulator \hich an increase in magnetizing field yields

used in variable-speed drives is unable tong further improvement, indicating that all

track the commanded current because of in'magnetic moments in the material have been
sufficient voltage difference between the mo- zjigned.

tor back EMF and the supply.

In an amplifier, saturation results in are- garyration intensity  the intensity of a
duction of gain in an amplifier or loss in an paam of light above which saturation ef-

absorber due the intensity of the signal being¢gcts pecome appreciabl§ee alssaturable
amplified or absorbed. absorption

In ferromagnetic circuits, the magnetic
flux initially increases linearly with the ap-

plied magnetomotive force (MMF), buteven- moment per unit volume of a material when

tua!ly most_of the domal_ns in the ferromag- the magnetization in the sample is aligned
netic material become aligned, and the rate Of(saturated) by a large magnetic field

increase in flux decreases as the MMF con-
tinuestoincrease. See figure bel®ee also
saturation flux density

saturation magnetization the magnetic

saturation parameter  reciprocal of the
value of intensity for which the gain of an
amplifying medium or the loss of an absorb-
ing medium is reduced to one half of its un-
B saturated value.

saturation polarization the value to
which the externally measured electrical
dipole moment of a ferroelectric body tends
when subjected to an external electrical field
greater than the coercive field.

save instruction  an assembly language
instruction that saves information about the
MMF currently executing process.

Saturation effect in a ferromagnetic circuit.
SAW  Seesurface acoustic wave

(2) with respect to color, the amount or

purity of the color seen. A pure color is said SAW device  Seesurface acoustic wave

to be fully saturated, and the saturation de-device

creases as white is added to the mix. The

color “pink,” for example is a less saturated saw-tooth coupler transmission line cou-

version of “red.” pler consisting of two parallel transmission
lines placedin close proximity to one another.

saturation angle the angular portion of The adjacent edges of the two transmission

the time-based output signal (in degrees) ovellines are shaped in a notch or saw-tooth pat-

which the device is saturated. It is always ternto equalize the phase velocity of the even

less than or equal to the conduction angle,and odd mode voltage components.
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SCA See subsidiary communication scalar wave equation in optics, a simpli-
authorizatiorandstation control error fication of the Maxwell-Heaviside equations
that governs a single scalar function repre-

SCADA  acronym for supervisory control Senting an electromagnetic wave; sometimes
and data acquisition. A system which mea- @ complex equation ifthe waves are harmonic
sures critical power system parameters (e.g.in time.

voltage, power flow, circuit breaker status,

and generator outputs) at remote points in anscale (1) a property of an image relating
electric power system and transmits the datathe size of a pixel in the image to the size of

to a central control site where these condi- the corresponding sampled area in the scene.
tions may be monitored. A large scale image shows object features in

more detail than a small scale imageSde

scalable video coding compression of ~alsoresolution )

video such that transmission at differentdata  (2) to change the size (i.e., enlarge or
rates, or reception by decoders with differ- Shrink) of an image or object while main-
ing performance, is possible merely by dis- taining the overall proportions.

carding or ignoring some of the compressed  (3) one of two parameters of awavelet, the
bitstream, i.e., without recoding the data. other being translation. The scale specifies
The compressed data are prioritized suchthe duration of the wavelet.

that low-fidelity reconstruction is possible

from the high-priority data alone; addition Scaled processor architecture (SPARC)

of lower-priority data improves the fidelity. ~hame for a proprietary class of CPUs.

scalar network analyzer  a test instru- scaling function the solution to the multi-

ment designed to measure and process onb;cale equat.ion; .it can be obtained by iterating
the magnitude of transmitted and reflected @ 10w passfilter in the two-channel filter bank
waves. Used to measure such microwave?" infinite number of times.

characteristics as insertion loss, gain, return

loss, SWR, and power. scan design atechnique whereby storage

elements (i.e., flip-flops) in an IC are con-
nected in series to form a shift-register struc-
ture that can be entered into a test mode to
load/unload data values to/from the individ-
ual flip-flops.

scalar processor a CPU that dispatches
at most one instruction at a time.

scalar quantization (SQ) (1) quantiza-
tion of a scalar entity (a number; as opposed
to vector quantization), obtained, e.g., from
sampling a speech signal at a particular time-
instant. Each input value to the quantizer is
assigned a reproduction value, chosen from
a finite set of possible reproductions. A de-
vice performing scalar quantization is called
a (scalar) quantizer.
(2) atype of quantization inwhich ascalar scantape Seehelical scan tape
guantity is quantized into another scalar
quantity. scan-based testing a mechanism for ac-
cessing all the data in a hardware module by
scalar wave wave that can be described treating it as one long shift register and then
by a single scalar function of space and time. shifting the data out of the module one bit at

scan line in adigital image, a contiguous
set of intensity samples reflecting one row or
column of the image. A class of image pro-
cessing algorithms, called scan line or scan
conversion methods, looks at the image one
or two scan lines at a time in order to achieve
the goal.
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atime. A device with this capability can also [ 1 [ T ]
be set to any desired state by shifting in the ! ! MIRE
desired state. The method can also be applied :
to software objects. ;

scan-test path atechnique that enhances g,«ql
circuit observability and controllability by ;
using a register with shift (in test mode) and :
parallel load (during normal operation) capa- |
bilities. :

scanner (1) a device used for scanning A scara manipulator.

written documents or printed pictures by

tracing light along a series of many closely from a surface or a volume of the propaga-
spaced parallel lines. tion medium.

(2) any device that deflects a light beam (2) the area of electromagnetics that deals
through a range of angles, using mecha-With finding the total fields in a region that
nisms such as diffraction from electro-optic contains anincidentfield and one or more ob-
or acousto-optic gratings or mechanical de-Jects (scatters) in the region. The total field is
flectors. the sum of the incident field when no objects
are present, plus the additional field produced

(38) a type of projection printing tool dvhen the objects are present.

whereby the mask and the wafer are scanne
past the small field of the optical system that
is projecting the image of the mask onto the
wafer.

scattering cross section total energy scat-
tered in all directions, normalized to the
wavenumber squared. It has dimensions of

. . . area.
scanning  process for converting attributes

of ahdlsplaly at :ja;ter cpor(_jlnatef_loc;tlons]: scattering function  the scattering func-
such as color and intensity, Into a fixed set of ;1 i 3 function of two variables, delay and

ngmgrical attributes for manipulation, trans- Doppler shift, characterizing the spread of

mission, or storage of the display. average received signal energy over time and
) _ ) frequency. In a nondispersive channel (no

scanning tunneling microscope - extreme-  mytipath and no Doppler shift), the scatter-

ly sensitive method for measuring atomic po- ing function is simply an impulse at zero de-
sition at a surface by monitoring the electron lay and zero Doppler shift.

current due to tunneling between a moveable

metal tip and the surface semiconductor. scattering holography  recovery of the
phase of the scattered light by means of its
scaramanipulator  arobotwiththree par- interference with a reference beam, both em-
allel revolute joints allowing it to move and anating from the same coherent source, such
orient in a plane(g1, g2, ¢3) with a fourth  as the same laser beam.
prismatic joint (¢4) for moving the end-
effector normal to the plane. Usually scara scattering matrix ~— an x n square matrix
manipulators can move very fast and they ares of complex numbers used to relate an ar-
used to assemble the parts. ray of incident wavesa, and one of reflected
waves,b, for ann-port network represent-
scattering (1) the process by which a ing a waveguide component or discontinu-
radio wave experiences multiple reflections ity. Generally, each matrix element (called
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a scattering parameter) is the amplitude oftheir features, projective invariance proper-

a reflected or transmitted wave to that of an ties, analysis of the play of light on surfaces,

incident wave. The subscripts of a typical including approaches such as texture analy-

coefficients;; refer to the output and input sis, and many other types of procedure.

ports related by the coefficient. These co-

efficients are generally frequency-dependentscheduler  a part of the operating system

and are relative at a specified set of input andfor a computer that decides the orderin which

output reference planes. The scattering ma{programs will run.

trix is defined with respect to a specific set of

port terminations (normalizations). scheduling in an operating system,
Physical interpretations can be given to scheduling of CPU time among competing

the scattering coefficients; for examplg’j processes.

is the fraction of available power at part

due to a source at poyt The incident and schematic a diagram that shows how an

reflected wave amplitudes at parta;, and  electronic device is constructed.

b;, respectively, are obtained from the voltage

and currenty;, I;, at the same port as schematic capture adesign entry method
wherein the designer draws the schematic of
a; = 1 |ReZ:i| Y2 (Vi + Zi I) the desired circuit using a library of _standard
i cells. The program outputs a netlist of the
by = > |ReZ;|~Y/2 (Vi — Z{1;) schematic.

schematic diagram  a circuit diagram, di-
vorced of biasing subcircuits, that depicts
only the dynamic signal flow paths of an elec-
tronic circuit.

whereZ; is the reference impedance and the
asterisk denotes the complex conjugate. Itis
also known as S-matrix.

scattering parameters  parameters that

characterize a microwave network with an Schmoo plot  an X-Y plot giving the
arbitrary number of ports by relating the volt- pass/fail region for a specific test while vary-
age waves incident on the ports to those re-Ng the parameters in the X and Y coordi-
flected from the ports. Also known as S- Nates.

parameters. The scattering parameters are

often represented in terms of a scattering ma-Schottky barrier diode  a two-terminal
trix. See alsacattering matrix junction barrier device formed by a junction

ofasemiconductorand ametal. These diodes
scattering resonance sharp increase (or are widely used in integrated circuit applica-
decay) of the scattered energy as a functiontions and in very high frequency mixer and
of either frequency or observation direction, multipliers. Also called hot-carrier diode.

as for the glory or the rainbow.
Schottky contact ametal-to-semiconductor

scatterometer adevice to measure the an- contactwhere, in order to align the Fermilev-

gular distribution of scattered intensity. Its els on both sides of the junction, the energy
main component contains a photodetectorband forms a barrier in the majority carrier

mounted over a goniometer. path.

scene analysis the process of analyzing a Schottky noise  Seeshot noise

3-D scene from 2-D images. Typically, this

process will involve object and feature detec- Schrodinger wave equation (SWE) an
tion, inference of the presence of objects from important relationship in quantum mechanics
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that describes the energy states of electronsscram  the emergency shutdown of a nu-
In its time-independent form it is expressed clear reactor by the rapid insertion of all con-
as trol rods. The term is attributed to Enrico
Fermi.
M—v% +(Ex+qV) ¢, =0

2m n AT en = scrambling  randomization of a symbol
sequence using reversible processes that do
not introduce redundancy into the bit stream.
See alsoeset scramblingself-synchronizing
scrambling

whereg, is the wave function corresponding
to the subband whose minimum energy is
E,, V is the potential of the regiom; is the
particle mass, and andq are Planck’s con-

stant and the electronic charge, respectively. .
scrubber a means of removing sulfur

dioxide from coal-burning power plant ex-
bhaust gas by forcing it through a chemical
solution.

Schur matrix ~ a square matrix with real
elements and whose all eigenvalues have a
solute values less than one.

scientific visualization ~ the use of com- SCS! Seesmallcomputersystemsinterface
puter graphics techniques to represent com-

plex physical phenomena and multidimen-
sional datain orderto aid in its understanding

and interpretation.

SDH  Seesynchronous digital hierarchy

scintillation  the variation of electromag-
netic signal strength with time due to random )
changes in time of refractive index of the at- SDRAM See synchronous  dynamic
mosphere. Apparent at optical frequenciesRAM-
as the twinkling of stars.

SDS Seestructured distribution systems
scoreboard term originally used foracen-
tralized control unit in the CDC 6600 proces- S€al-in relay  an auxiliary relay that re-
sor which enabled out-of-order issue of in- Mains energized through one of its own con-
structions. The scoreboard unit held varioustacts, which bypasses the initiating circuit un-
information to detect dependencies. Now il deenergized by some other device.
sometimes used for the simpler mechanism

of having a single valid bit associated with Sealing current  the current necessary to
each operand register. complete the movement of the armature of

a magnetic circuit closing device from the
scotopic  formally, a description of lumi-  Position atwhich the contacts first touch each
nances under which human rod cells are ac-other.
tive. Informally, describing dim or night-
time luminances. sealing voltage the voltage necessary to

complete the movement of the armature of
scotopic vision  vision in the eye deter- a magnetic circuit closing device from the
mined by the number of and condition of the position atwhich the contacts first touch each

rods in the eye. Also called night vision. other.

SCP  Seeservice control point search coil a solenoid that is wound with
an air core or around a magnet or permeable

SCR  Sessilicon controlled rectifier component of a magnetic circuit to measure
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the change of flux within the coil; used with secondary cache a buffer element be-
a fluxmeter. tween slow-speed peripheral devices, such as
disks, and a high-speed computer.
SECAM  Seesequential colorand memary
secondary distribution system  a distri-
bution system in which a significant the sub-
second harmonic component the signal division of power to customers is done on the
component of a periodic signal whose fre- secondary, or low-voltage side of the distri-
guency is twice the fundamental frequency. bution transformer, as opposed to the prac-
tice of assigning a small distribution trans-
second order discrete time system adis-  former to each customer or small group of
crete system for which the difference be- customers.
tween the input and output signals is of sec-
ond order. secondary memory  generic term used
to refer to any memory device that provides
second order system a continuous time backup storage besides the main memory.
system described by a second order differen-Secondary memory is lower-level, larger ca-
tial equation. pacity, and usually a set of disks.

Only data and programs currently used by
second-harmonic generation theprocess the processor reside in main memory. All
in which a laser beam of frequenayinter-  other information (not needed at a specific
acts with a material systemto produce a beamtime) is stored in secondary memory and is
atfrequency @ by means ofthe second-order transferred to main memory on a demand ba-
susceptibility. Under carefully controlled sis. It is the highest (big but slow) level in
circumstances, more than 50% of the inci- the memory hierarchy of modern computer
dent intensity can be converted to the secondsystems.
harmonic.See alsdvarmonic generation

secondaryresistor aresistor connected to
second-order susceptibility a quantity, the rotor of a wound-rotor induction machine
often designategt?, describing the second- to permit variation of the effective rotor re-
order nonlinear optical response of a mate-sistance. By varying the resistance, machine
rial system. It is defined through the re- characteristics may be optimized for starting
lation P2 = Cx2E?, whereE is the ap-  or varying load conditions.
plied electric field strength and? is the
2nd-order contribution to the material polar- secondary selective service a redundant
ization. The coefficienC is of order unity  electric service inacritical load is supplied by
and differs depending on the conventions two distribution transformers, each of which
used in defining the electric field strength. is served by a separate, independent distribu-
The second order susceptibility is a tensor oftion primary circuit.
rank 3, and describes nonlinear optical pro-
cesses such as second-harmonic generatiosecondary service refersto areas serviced
sum- and difference-frequency generation, by skywaves and not subject to objectionable
and optical rectificationSee alsmonlinear interference.
susceptibility

secondary side that side of the packaging
secondary (1) the load-side winding. and interconnecting structure farthest from

(2) refers to the portion of a nuclear layer number one. (Also called the soldier

power plant containing non-radioactive com- side in through-hole component mounting
ponents such as turbines and generators. technology.)
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secondary storage Seesecondary memory sector mapping a cache organization in

which the cache is divided into sectors where

each sector is composed of a number of con-
secondary system of equations asystem secutive lines. A complete sectoris nottrans-
of algebraic and differential equations ob- ferred into the cache from the memory; only
tained from the primary system of equations the line requested. A valid bit is associated
by transformation of network variables. with each line to differentiate between lines

of the sector that have been transferred and
secondary voltage in power distribution lines from a previous sector. Originally ap-
work the voltage at the secondary of the dis- peared in the IBM System/360 Model 85.
tribution transformer.

sectorization  the action of modifying an
omnidirectional antenna in a cellular system
so that it is replaced by a number of direc-
tional antennas each having a radiation pat-
ern approximately covering a sector of a cir-

le. Common examples in cellular systems
are those of sectorization with three sectors
per cell (120 degree sectors) and sectoriza-
tion with six sectors per cell (60 degree sec-
tors).

secondary voltage control an automatic
voltage control scheme thatis similarin func-
tion to the automatic voltage regulator, but its
purpose isto control a bus voltage which need
not have a synchronous generator connecte
at the bus.

secondarywinding thetransformerwind-
ing to which the loads are connecte®ee
alsoprimary winding

sectionalizer a switch placed in distribu- security  the ability of the power sys-
tion lines and programmed to open during a tems to sustain and survive planned and un-
line dead time. The sectionalizer will sense planned events without violating operational
the presence of current surges due to faultsconstraints.

and is programmed to open after a set number

of faults occur d_uring a short period of time. securityanalysis Seecontingency analysis
When the fault is cleared by the protecting

recloser or circuit breaker, the sectionalizer

will open, allowing the recloser or breaker to ] .
successfully reenergize the portion of the line SEED  Seeself-electro-optic device
upstream from the sectionalizer.

_ o _ o ~ seektime the time that it takes to position
sectionalizingfuse asectionalizingfuseis the read/write device over a desired track of
a fuse employed on the primary distribution jnformation.

systemtoisolate laterals fromthe main feeder

in the event of a fault on that lateral. .
segment aregionincomputer memory de-

fined by a segment base, stored in a segment
base register and, usually, a segment limit,
stored in a segment limit registeBee also
virtual memory

sectionalizing switch  a switch on primary
distribution systems used to isolate laterals
and segments of main feeder lines. On radial
distribution systems, sectionalizing switches
are placed to allow rerouting of power to min-
imize extended outages following a line seg- segment mapping table a memory table

ment failure. within a computerthatis used to translate log-
ical segment addresses into physical memory
sector Seedisk sector addresses.
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segment register a register that stores the selector channel /O channelthat handles

base, or starting memory address, of a mem-only one I/O transaction at a time. Normally

ory segment. used for high-speed devices such as disks and
tapes.See alsonultiplexer channel

segmenttable atable thatis used to store

information (e.g., location, size, access per-Self organizing map (SOM)  aneural net-
missions, status, etc_) ona Segment of Virtua|W0rk that transforms a multi-dimensional in-
memory. put to a 1- or 2-D topologically ordered dis-
crete map. Each neuron has a weight vector
w; and for a given inpuf, the output is the
index of the neuron with minimum Euclidean
distance. Duringtraining, the weights are up-
dated as

segmentation (1) an approach to vir-
tual memory when the mapped objects are
variable-size memory regions rather than
fixed-size pages.

(2) the partitioning of an image in mutu-

ally exclusive elements in which visual fea- wjn+1) =

tures are homogeneous. Region-based seg—{ wj(n) +a@m[x —wjmn)], CjeN(Cin)

mentation relies on the analysis of uniformity | @; (), Ci € N(Cj.n)

of grey level or color; contour-based segmen-

tation relies on the analysis of intensity dis- wherea is a learning parameter in the range

continuities. 0 <o < 1,andN(C;, 1) is the set of classes
which are in the neighborhood of the winning

Segmentation_based Coding a Coding C|aSSCi attimer. |n|t|a”y, the I’leighborhood

scheme that is based on segmentatiGee ~May be quite large during training, e.g., half
segmentation the number of classes or more. As the train-

ing progresses, the size of the neighborhood

segmented architecture in computer ar- zrrlgnclizsusm", eventually, it only includes the

chitecture, a scheme whereby the computer’s
memory is divided up into discontinuous seg-

ments. self-arbitrating bus a communication

bus that is capable of resolving conflicting

. . . requests for access to the bus.
selective controllability adynamical sys-

tem is said to be selectively controllable with
respect to theéth state variable byth con-
trol variable in [#g, #1] if all the dynami-
cal systems with scalar admissible controls
ui(t),j = 1,2,...,m have theith state
variablex;(t),i = 1,2,...,n controllable

in [z, 11].

self-bias  a technique employed whereby

a transistor only needs a single bias sup-
ply voltage between the drain terminal and
ground. This is commonly accomplished by

placing a parallel combination of a resistor

and capacitor between the source terminal
and ground.

selective fuse coordination — Seefuse  self-biased amplifier anamplifier that uti-
coordination lizes a voltage-controlled current source as

the active device (such as a MESFET), and
selectivity  the ability of a receiver to re- in which a series resistive feedback element
ceive only its desired band of frequencies andin the DC current path creates the DC voltage
reject those on either side. This not only im- required to control the quiescent bias point,
proves the signal properties but also the noisethereby resulting in the need for a single bias
characteristics of the receiver. supply.
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self-checking pertaining to a circuit, with  self-generating neural treeelf-organizing
respect to a set of faults, if and only if it is neural tree
fault-secure and self-testing.
self-generating neural tree (SGNT) a
self-commutated Seeatural commutation simplified version of self-generating neural
network with a tree structure. SGNT is nor-
mally much faster in training and classifica-
self-demagnetizing field afield inside of tion, but with less descriptive power com-
apermanent magnetthatis opposed to its owrpared with the corresponding SGNN because
magnetization, which is due to internal cou- of its simple topological structure. How-
pling of its poles following the introduction ever, if the number of network nodes is the
of an air gap in the magnetic circuit. same, SGNT has the same descriptive power,
higher ratio of neuron utilization, higher
self-electro-optic device (SEED) a bi- speed, and may end up with higher accuracy,
stable device that is a PIN photodetector andsince large-scale networks can be generated
also an optical modulator; the intrinsic region and trained quicklySee alsaelf-generating
is generally constructed as a quantum-well neural networkself-organizing neural tree
stack. Detection of light alters the electri-
cal bias on the PIN, which in turn alters the self-modifying code  a program using a
transmission through the device; the optical machine instruction that changes the stored
transmission change exhibits hysteresis andoinary pattern of (usually) another machine
a two-state transmission character. instruction in order to create a different
instruction which will be executed subse-
self-focusing  focusing of an electromag- quently. Definitely notarecommended prac-
netic beam in a nonlinear medium by the gain tice and not supported on all processors.
or index profile resulting from the action of

the beam on the medium. self-organizing algorithm  a training al-
gorithm for a self-organizing system consist-
self-generating neural network (SGNN) ing of the following main steps:

networks of se|f-0rganizing networks, each 1. Calculate the similarities of the training
node network of which is an incomplete self- vector to all the neurons in the system and
organizing network. For this kind of network compare them to find the neuron closest to
of neural networks, not only the weights of the training vector, i.e., the winner.

the neurons but also the structure of the net- 2. Update the weights of the winner and
work of neural networks are learned from the its neighborhood according to

training examples.

SGNN can be as complex as acyclic di- wilt 1 =wi @) + o (@) = wi®),
rected graph, but the most frequently usedwherew; (¢) is theith weight of the neuron
SGNN takes a tree structure and is called aat timet, x;(¢) is theith component of the
self-generating neural tree (SGNT), which training vector at, ande is a training rate.
is very similar to self-organizing tree but The neighborhood of the winner starts from a
with much higher ratio of neuron utilization. bigger area and reduces gradually during the
Since many fewer neurons participate in thetraining period.
competition during the training and classifi-
cation, the speed of SGNT is much faster. self-organizing neural tree (SONT) a
SGNN has found applications in diagno- tree-like network of self-organizing neural
sis of communication networks, image/video networks, each node of which is a Koho-
coding, large-scale Internet information ser- nen network. Each of the neurons in the
vices, and speech recognitionSee also higher level networks has its child network
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in the lower level of the tree hierarchy. The self-pumped phase conjugation, for exam-
training method is similar to that of Koho- ple, SPPC with resonators, SPPC with semi-
nen’s method, but is conducted hierarchi- resonators, SPPC with stimulated backward
cally. From the top (root) of the tree down, scattering, etc.
the winner of the current self-organizing net-
work is found as the closest neuron to the self-synchronizing scrambling  a tech-
training example. The weights of the winner nique that attempts to randomize a source bit
and its neighbors are updated, and then thestream by dividing it by a scrambling polyno-
child network of the winner will be selected mial using arithmetic from the ring of poly-
as the current network for further examina- nomials overG F (2). Descrambling is per-
tion until a leaf node network is encoun- formed with only bit-level synchronization
tered. This kind of network of neural net- through continuous multiplication of the de-
works can be useful for complex hierarchical modulated sequence by the same scrambling
clustering/classification. However, the uti- polynomial. The division and multiplication
lization of the neurons may become poor asprocedures can be implemented with simple
the network size growing if the uniform tree shift registers, enabling this technique to be
structure is adopted. The utilization may be used in very high bit rate systems.
improved if carefully designed structure is
used but how to obtain an optimum struc- self-test a test that a module, either hard-
ture remains anissue. Self-generating neuralvare or software, runs upon itself.
network (SGNN) may be a solution to this
problem. See alscself-organizing system self-test and repair  a fault-tolerant tech-
self-generating neural netwark nigue based on functional unit active redun-
dancy, spare switching, and reconfiguration.
self-organizing system a class of unsu-
pervised learning systems that can discoverself-testing  pertaining to a circuit, for a
for itself patterns, features, regularities, cor- set of faults, if and only if for any fault in
relations, or categories contained in the train-this set there exists a valid input code such
ing data, and organize itself so that the outputthat the circuit output is noncorrect (does not
reflects these discovery. belong to the valid output codes, i.e., can be
detected with a code checker).
self-phase modulation the nonlinear op-
tical process in which a pulse of light trav- Selfoc lens a type of gradient-index lens,
eling through a material characterized by anusing a refractive-index profile across the
intensity-dependent refractive index under- cross section of the element, typically a cylin-
goes spectral broadens as a result of the timeder; the profile is generally produced by im-
varying phase shift imparted on the beam. plantation.See alsgradient index optics

self-pumped phase conjugator (SPPC) selsyn Seesynchro

a phase conjugator that does not require the

external pumping beams. Optical four-wave semaphore  a synchronization primitive
mixing is a convenient method for the gen- consisting of an identifier and a counter,
eration of phase conjugate waves. However,on which two operations can be performed:
the process requires a pair of counterprop-lock, to decrease a counter, and unlock, to
agating pump beams. With a self-pumpedincrease a counter.

phase conjugator, an incident beam will

pump the photorefractive medium and gen- semi-classical model model for the in-
erate its own phase conjugate wave. Thereteraction of light with atoms or molecules in
are many physical mechanisms that can yieldwhich the atomic or molecular wave func-
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tions are described by Sddinger's equa- an insulator. The amount of current conduc-
tion, while the electromagnetic fields are tion that can be supported can be varied by
described by the Maxwell-Heaviside equa- “doping” the material with appropriate mate-
tions. rials, which results in the increased presence
of free electrons for current flow. Common
semi-guarded machine a machine in  examples are silicon and GaAs. Also called
which some of the ventilating openings, usu- semi-insulator.
ally in the top half, are guarded as in the case
of a guarded machine to prevent accidentalsemiconductor device a transistor, resis-
contact with hazardous parts, but the otherstor, capacitor, or integrated circuit made from
are left open. a semiconductor material.

semi-insulator ~ Seesemiconductar semiconductor diode laser laserinwhich

) . ) . the amplification takes place in an electrically
Seml—magnetlc semiconductor semicon- pumped Semiconducting medium.

ductor alloy or superlattice, usually from the

[1-VI columns of the periodic table, in which  semiconductor laser Seediode laser

there is a concentration of magnetically ac-

tive atoms such as manganese that introduc%emiconductor |aser amp”fier Semicon-
new magneto-optical and magneto-transportguctor laser in which feedback from the end
properties. facets or other reflecting surfaces is unimpor-

tant.
semi-relative sensitivity  one of two sen-

sitivity measures used in circuit and system gemiconductor laser oscillator alaser os-
theory. These are cillator in which the amplification takes place
by dy 3y in a semiconducting medium.
Spx)=x—==

ax ox/x = dlnx

semiorthogonalwavelets wavelets whose

which is frequently denoted bﬁx, and basis functions in the subspaces are not or-
thogonal but the wavelet and scaling sub-
Sy(y’ x) = Ea_y — Iy/y — diny spaces spanned by these basis functions are
y ox dx dx orthogonal to each other.

which is also denoted b§>’. Both these - ) )
quantities are used in a way similar to us- Sense amplifier in a memory system, cir-
ing relative sensitivity. See alsoabsolute cuitry to detect and amplify the signals from
sensitivity, relative sensitivity sensitivity ~ Selected storage cells.

sensitivity measure o o
sensitivity  a property of a system indicat-

semi-rigid cable  a coaxial cable with a ing the combined effect of component toler-
solid metal outer-conductor. Typically used ances on overall system behavior, the effect

where the cable is bent to fit the application of parameter variations on signal perturba-
only once. tions and the effect of model uncertainties

on system performance and stability. For
semiconductor a material in which elec- example, in radio technology, sensitivity is
trons in the outermost shell are able to mi- the minimum input signal required by the re-
grate from atom to atom when a modest ceiver to produce a discernible output.
amount of energy is applied. Such amaterial The sensitivity of a control system could
is partially conducting (can support electri- be measured by a variety of sensitivity func-
cal current flow), but also has properties of tions in time, frequency or performance do-
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mains. A sensitivity analysis of the system
may be used in the synthesis stage to mini-
mize the sensitivity and thus aim for insen-
sitive or robust designSee alsaobustness
robust controller desigmbjective function

sensitivity bound  a lower or upper limit
on the sensitivity index for a system.

Such a bound exists, for example, for fil-
ters whose passive elements are limited to
resistors, capacitors, and ideal transformers
and whose active elements are limited to
gyrators (characterized by two gyration re-
sistances considered different in sensitivity
calculations), and active voltage and current
controlled voltage and current sources.

sensitivity function ameasure of sensitiv-

ity of signals or performance functions due to
parameter variations or external signals (dis-
turbances, controls). For small changes in
parameters, sensitivity functions are partial
derivatives of signals or performance func-

tions with respectto the parameters and could

be found from linearized models of the sys-
tem model under study.

For linear systems, the sensitivity func-
tions in semilogarithmic form could be ob-
tained from the original system model in

for the small variations§ is equal to the clas-
sical differential logarithmic sensitivity func-
tion defined by Bode.See alscsensitivity
index, sensitivity invariant

sensitivity index  a sensitivity measure.
For the multiparameter sensitivity row vector
one can determine the following two charac-
teristics:

1.the worst-case sensitivity index

o) = Y |ReSE
i=1
2.the quadratic sensitivity index

o(F) = |: (ReSF'(jw7X)>2i| 1/2
— X1

These two are used most frequently in sen-
sitivity comparisons, yet other indices, for
example, for the case of random circuit pa-
rameters, can be derived as welhee also
sensitivity function sensitivity invariant

n

sensitivity invariant  feature of a circuit
or system that is insensitive.
Let a circuit function beF (s, X) where
X = [x1,x2,...,x,]" is a vector of circuit
arameters. A sensitivity invariant exists for

some special nodes of its block scheme calledis circuit if there is a relationship

sensitivity points. Moreover, for linear time-
invariant feedback systems, sensitivity may
be defined in frequency domain both for
small and large parameter deviations. One
way to do this is to compare the output er-
rors due to plant parameter variations in the
open-loop and closed-loop nominally equiv-
alent systems. The resulting sensitivity func-
tion or for multi-input—multi-output systems,
sensitivity matrixS(jw) is given by a return
difference function or its matrix generaliza-
tion, i.e.,

S(jo) = I+ K(jo) ™!
where K (jw) is an open-loop frequency
transfer function (respectively matrix) ard

is a unit matrix of appropriate dimension. In
the single-input—single-output systems and
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F(5,X)
>S =
i=1

F(s.X) . .
HereSxi isacomponent of amultiparam-
eter sensitivity row vector aridis a constant.
In most of cases, this constant can have one
of three possible values, namely, 1, 0, and
—1. The sensitivity invariants are useful to
check the sensitivity calculationsSee also
sensitivity, sensitivity function sensitivity
bound

sensitivity measure  a number used to
characterize and compare circuits the func-
tions of which depends of more than one
component. They are used when the compo-
nents of multiparameter sensitivity row vec-
tor and the circuits component tolerances are



known. The most frequently used are worst- some computational advantage. In particu-
case measure and quadratic measure of sensiar, a 2-D mean filter can be re-implemented
tivity. See als®ensitivity, sensitivity index identically as two orthogonal 1-D mean fil-
ters, and is therefore separable. However,

sensitivity reduction  reducing sensitivity a 2-D median filter is non-separable, as its
is very desirable in active filter realization. action is not in general identical to that of
Some general suggestions, at the stage of apawo orthogonal 1-D median filtersSee also
proximation, ensuring that filter realizations separable transform
will have low sensitivities to component vari-
ations include the following:

1. Increasing the order of approximation
and introducing a redundancy.

2. Using predistorted (tapered) specifica-

tions in the vicinity of the passband edge. ~ Separable kemel  for a 2-D transform a
3. Using transfer functions with a limited kernel that can be written as the product of

value of the maximun® of the transfer func- two 1-D kernels. For higher dimension trans-
tion poles. The realization itself gives the cir- fOrms aseparable kemnel can be written as the

cuits lower sensitivities if the filter is realized Productofseveral 1-D kernelSeeseparable

as the doubly terminated lossless structure off@nsform
its active equivalent.

separable image transform a 2-D sepa-
rable transform used to transform images.

separable transform a2-Dtransformthat

sensor atransducer or other device whose can be performed as a series of two 1-D trans-
input is a physical phenomenon and whoseforms. Inthis case the transform has a separa-
output is a quantitative measurement of thatble kernel. The 2-D continuous and discrete
physical phenomenon. Physical phenomenaFourier transforms are separable transforms.
that are typically measured by a sensor in-In higher dimensions a separable transform
clude temperature or pressure to an internalis one that can be performed as a series of
measurable value such as voltage or currentl-D transforms See alsseparable filter

sensor alignment alignment of sensors so
asto correctthe time delay differences arising
from spatial differences.

separately excited DC machine a DC
machine where the field winding is supplied
by a separate DC source. Separately excited
generators are often used in feedback con-

sensorless control a control method in trol systems when control of armature volt
which mechanical sensors are replaced by an y

indirect estimation of the required variable. age over a wide range s required.

separability the separable property forthe sequency in a transform, the number of
signal or system such that the signal or systemzero-crossings of a particular basis function.
representation can be expressed by the prodBy extension used to refer to the transform
uct of component terms, each depending oncoefficient that corresponds to a particular
fewer independent variables. basis function. For example, in the discrete
cosine transform the zero sequency coeffi-
separable data a 2-D signal that can be cient is the one for which the basis function
written as a product of two 1-D signals. is flat (and therefore has no zero crossings),
often called the DC coefficient. Sequency is
separable filter  a filter that can be ap- roughly analogous to frequency; higher se-
plied in two or more operations without any quency basis functions correspond to higher
change in overall function, thereby gaining frequency components of signal energy.
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sequential-access storage storage, such sequential detection a detection algo-
as magnetic tape, in which access to a giverrithm for tree or trellis structured problems
location must be preceded by access to allbased on depth-first tree/trellis searchee
locations before the one soughBee also alsodepth-first search

random access device

sequential fault  afault that causes a com-

sequence (012) quantities symmetri-  pinational circuit to behave like a sequential
cal components computed from phase (abc)gne.

guantities. Can be voltages, currents, and/or

impedances. sequential locality ~ part of the principle of

(spatial) locality, that refers to the situation
when locations being referenced are next to
each other in memonSee als@rinciple of
locality.

sequencer a programmable logic array
(PLA) that has a set of flip-flops for storage
of outputs that can be fed back into the PLA
as inputs, enabling the implementation of a
finite state machine. ) ] o o )
sequential logic  a digital logic in which
sequential access data stored on devices the present state output signals of a circuit

such as magnetic tape must be accessed bgepe.nd on all or part of the present state out-
first moving the media to a particular location PUt signals fed back as input signals as well
and then reading or writing the information. @S any external input signals if they should
Information cannot be accessed directly; a€XISt
sequential search must be done first.

sequential scan Seeprogressive scan
sequential color and memory (SECAM)
a color television system thaF transmit; the serialbus  a data communication path be-
two (B - Y) and (R - Y) color difference sig- tween parts of the system that has a single
nals on alternate horizontal lines as a constantine to transmit all data elements.
amplitude FM subcarrier. A one-line mem-

ory in the receiver allows reconstruction of gejq| /0 interface  1/O interface consist-
the color signals on all lines. The SECAM g of 5 single line over which data is trans-

system requires no color controls. The Ver- o a4 one bit at a time. Commonly used for
tical scan parameters for the SECAM televi- low-speed devices, e.g., printer, keyboard

sion system are based on the European poweg;. gee alsparallel I/0 interface
line frequency of 50 Hz. The SECAM sys-

tem parameters are shown in the table. . . . . .
serial operation  data bits on a single line

are transferred sequentially under the control

sequential consistency  the situation . .
of a single signal.

when any arbitrary interleaving of the execu-
tion of instructions from different programs

does not change the overall effect of the pro-Serial port  a communications interface
grams. that supports bit by bit data transmission.

sequential decoding a suboptimum de- serial printing  printing is done one char-
coding method for trellis codes. The decoder acter at a time. The print head must move
finds a path from the start state to the endacross the entire page to printaline of charac-
state using a sparse search through the trelters. The printer may pause or stop between
lis. Two basic approaches exist: depth-first characters. Printing speed is usually given in
algorithms and breadth-first algorithms. units of characters per second (cps).
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SECAM

Vertical Fields Frequency 50 Hz
Number of Interlaced Fields 2
Vertical Frame Frequency 25Hz
Number of Horizontal Lines/Frame 625
Horizontal Scan Frequency 15,625 Hz
Video Bandwidth 6 MHz
Color Subcarrier Frequency 4.433618 MHz
Sound Modulation FM

(AM in France)
RF Channel Bandwidth 8 MHz

serial transmission  a process of data major problem with the series resonant con-

transfer whereby one bit at a time is trans- verter is that it requires a very wide change

mitted over a single line. in switching frequency to regulate the load
voltage, and the output filter capacitor must

series equalizer in a single-loop feed- carry high ripple current.

back system, a series equalizer is placed in

the single loop, generally at a point along series-connected DC machine a direct

the forward path from input to output where current machine in which the field winding

the equa]izer itself consumes 0n|y a small is connected in series with the armature wind-

amount of energy. ing.

series feed a method of feeding a phased serif - a small ancillary pattern attached to
array antenna in which the element feed- the original pattern on a mask (usually at the
points are located at even or uneven Spac_cor.ners) in order to improve the printing fi-

ings along a single transmission line. Unless d€lity of the pattern.

phase shifters are placed in the line between

elements, the phase shift between eIement?erV'Ce co.ntrol point (SCP) an on-
changes with frequency. ine, real-time, fault-tolerant, transaction-

processing database that provides call-hand-
ling information in response to network

series feedback with reference to a three- .
queries.

terminal device or grounded amplifier, the

appl'ciﬂi?] 0; an electrical I;:‘.Ien:ent in Sde' servicedrop the wire which extends from
res wi € device or amplimer 1o ground, .o qyreet to the customer’s electric meter.

thereby causing some of the output signal to

be fed back in series with the input signal.  goice entrance  the point at which the

o ) o electric power service drop enters a building.
series field a field winding of a DC ma-

chine consisting of a few turns of thick wire, service management system (SMS) an

connected in series with the armature and Car-operations Support System that administers

rying full armature current. customer records for the service control
point.

series resonant converter a power con-

verter that uses a series resonant tank circuitservice primitive  the name of a procedure

It has high efficiency from full load to part that provides a service; similar to the name

load, and transformer saturation is avoidedof a subroutine or procedure in a scientific

due to the series blocking capacitor. The subroutine library.
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servo  Seeservomechanism control, the set point is also called the trim
condition.

servo drive  an automatic control system (2) the intersection of the load line and the

in which position, speed, or torque are the normal B-H curve, indicating the flux density

control variables. and energy a permanent magnet is delivering
to a given magnetic circuit geometry.

servomechanism a closed-loop control

system consisting of a motor driven by a set-associative cache a cache that is di-
signal that is a function of the difference vided into a number of sets, each set consist-

between commanded position and/or rate'nd ©f groups of lines and each line having its
and measured actual position and/or rate tc®WN stored tag (the most significant bits of the
achieve the conformance. Usually a ser. address). A set is accessed first using the in-
vomechanism contains power amplification dex (the least significant bits of the address).

and at least one integrating element in the 1hen all the tags in the set are compared with
forward circuit. that of the required line to find whether the

line isin the cache and to access the liBee

. : alsocachedirect mappegand associativity
session an instance of one or more pro-

tocols that provides the logical endpoints

. set-membership uncertainty a model of
through which data can be transferred. P y

uncertainty in which all uncertain quantities
o _ ) are unknown except that they belong to given
set associative cache a cache in which  getsin appropriate vector spaces. The sets are
line or block from main memory can only poynded and usually compact and convex.
be placed in a restricted set of places in theThe estimation problem in this case becomes
cache. Asetisagroup of two or more blocks gne of characterizing the set of states con-
in the cache. A block is first mapped onto gistent hoth with the observations received
a set (direct mapping defined by some bits 4nq the constraints on the uncertain variables.
of the address), and then the block can becono| objectives are usually formulated in
placed anywhere within the set (fully asso- termg of worse-case design tasks, target sets
ciative within a set) See alsalirect mapped  (gachability, guaranteed cost control, robust
fully associative cache stability or practical stabilization of the un-
certain systems.
set partitioning  rules for mapping coded  For linear systems with energy-type el-
sequences to points in the signal constellationipsoidal constraints imposed on the uncer-
that always result in a larger Euclidean dis- tain variables representing initial conditions,
tance for a trellis-coded modulation system additive disturbances and observation noises
than for an encoded system, given appropri-solution of the state estimation problem is
ate construction of the trellis. Used in coded given by the estimator similar to the Kalman
modulation for optimizing the squared Eu- filter, and a control problem in the form of
clidean distance. min-max optimization of a given quadratic
criterion leads to the linear-quadratic game.
set point (1) a specified constant value of In the case of instantaneous ellipsoidal con-
the controlled variable of a dynamical pro- straints, the exact solution of estimation and
cess that a controller is required to maintain. control problems is difficult to obtain, never-
The controller must generate a control signaltheless, by bounding recursively the sets of
that drives the controlled variable to the set possible state approximating ellipsoids lead-
point and keeps it there, once it is reached.ing to suboptimal filtering and control laws
The set point is often referred to as referencesimilar to the optimal ones for the energy-
point or operating point. In aircraft flight type constraints.
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Generally, efficient results might be found duce a quasi-rotating magnetic field which
only for bounding sets parameterized by adevelops a weak torque, suitable primarily
little number of parameters. Except for the for smallfans. In AC relays, shaded poles are
ellipsoids, such property is endowed only by used to prevent chatter (the attempted open-
polyhedral sets bounding uncertain variables.ing and subsequent closing each time the flux
In this case, efficient results could be reachedpasses through zero).
by the use of linear programming algorithms.

shaded-pole motor asingle-phase induc-
settling time (1) the time required for a tion type motor that uses shaded poles on the
signal to change from one value to another. stator to create a weak quasi-rotating mag-

(2) refers to the time that it takes stable netic field. Shaded-pole motors are only built
transients of a dynamic system to decay to ain small fractional horsepower sizes and pro-
negligible amplitude. This can be quantified duce a very low starting torque that is suit-
to the time it takes an exponential transient able only for fan-type loadsSee alsshaded
mode to decay to a band thati87%,+5%, pole

or £2% of its initial value. See alsdime
constant shadow casting logic gate an opticallogic

gate originally using shadow casting tech-
setup avideotermrelating to the specified nique. The principle of shadow casting logic
base of an active picture signal. In NTSC, the gate can be explained as follows. First, NOT
active picture signal is placed 7.5 IRE units A and NOT B are generated from inputs A
above blanking (0 IRE). Setup is the separa-and B. Second, four products of AB, A (NOT
tion in level between theideo blankingand  B), (NOT A) B, and (NOT A) (NOT B) are

reference blackevels. produced by passing a light beam through
two transparencies that could be spatial light

setuptime Seehold time modulators representing Aand B, Aand NOT
B, NOT A and B, and NOT A and NOT B.

SF6  Seesulfur hexaflouride Third, the four products are added optically.

The sixteen combination of four products are
SF6 circuit breaker a power circuit the sixteen Boolean logic operations.
breaker where sulfur hexaflouride (GHas
is used as aninsulating and arc clearing agentshadowing (1) excess propagation loss re-
sulting from the blocking effect of obstacles
SGNN Seeself-generating neuralnetwark such as buildings, trees etc.
(2) the statistical variation of propagation
loss in a mobile system between locations the
SGNT  Seeself-generating neural tree same distance from a base station, usually
described by a lognormal distribution.
SGVQ Seeshape-gain vector quantization
shaft torque  the component of the mo-
tor generated electromagnetic torque avail-
SHA  Seesample-and-hold amplifier able at the shaft of the motor after overcom-
ing the operational losses of the motor dur-
shaded pole a magnetic pole-face in ingthe electromechanical energy conversion
which part of the pole is encircled by a process.
shorted conductor (usually copper). The flux
through the encircled portion will be out of Shannon, Claude (1916-1989) consid-
phase with the flux through the other portion. ered to be the founding father of modern elec-
Shaded pole motors use the phase shift to protronic communications theory. His contribu-
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tions include the application of Boolean al- shape analysis the analysis of shapes of

gebra to analyze and optimize switching cir- objects in binary images, with a view to ob-

cuits and, in his classic paper “The Mathe- ject or feature recognition. Typically, shape

matical Theory of Communication,” estab- analysis is carried out by measurement of

lished the field of information theory by de- skeleton topology or by boundary tracking

veloping the relationship between the infor- procedures including analysis of centroidal

mation content of a message and its repre-profiles.

sentation for transmission through electronic

media. shape from the recovery of the 3-D shape
of an object based on some feature (e.g.,

Shannon information the information  shading) of its (2-D) image.

content of an event with a probability of

occurrence op(x) defined as shape measure a measure such as cir-
Too) — | cularity measure (compactness measure), as-
(x) = —log p(x). pect ratio, or number of skeleton nodes, that

The unit of / (x) depends on the base of the May bg used to help characterize shapes as a
logarithm - “bits” for base 2, “nats” for the Preliminary to, or as a quick procedure for,
natural logarithm See als@ntropy object recognition.

Shannon'slaw fundamental relationship Shape-gain vector quantization (SGVQ)

of information theory, which states that the & method for vector quantization where the

lower bound on the average code-word lengthmagnitude (the gain) and the direction (the

for coding a discrete memoryless sourceshape) of the source vector are coded sepa-

is given by the source entropySee also rately. Such an approach gives advantages

entropy for sources where the magnitude of the input
vector varies in time.

Shannon’s sampling theorem this math-

ematical theorem states that when an analogghape-memory effect  mechanism by

signal is sampled, there is no loss of infor- which a plastically deformed object in the

mation and the analog signal can be recon-low-temperature martensitic condition re-

structed by low-pass filtering, if and only if gains its original shape when the external

the largest (absolute value) frequency presenstress is removed and heat is applied.

in that signal does not exceed the Nyquist

frequency, this being half the sampling fre- shape-memory smart materials include

guency. three categories, namely shape-memory al-
loys (SMA), shape-memory hybrid compos-

Shannon’s source coding theorem ama- ites (SMHC), and shape-memory polymers

jor result of Claude Shannon’s information (SMP).

theory. For lossy source coding, it gives a

bound to the optimal source coding perfor- shaping  a traffic policing process that

mance at a particular rate (“rate” correspondscontrols the traffic generation process at the

to “resolution”). The theorem also says that source to force a required traffic profile.

the bound can be met by using vector quan-

tization of (infinitely) high dimension. For shared memory characteristic of a mul-

lossless source coding, the theorem statesiprocessor system: all processors in the sys-

that data can be represented (without loss oftem share the access to main memory. In a

information) at a rate arbitrarily close to (but physically shared—memaory system, any pro-

not lower than) the entropy of the dat&ee cessor has access to any memory location

alsorate-distortion theory through the interconnection network.
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shared memory architecture acomputer ter or memory location is either shifted into

system having more than one processor ina flag register, used to set a condition flag,
which each processor can access a commoior dropped, depending on implementation of
main memory. the instruction.See alsgotatenstruction.

sharpening the enhancement of detail in shiftinvariance acharacteristic of a prop-

an image. Processes that sharpen an imerty thatin some domain it is invariant to dis-

age also tend to strengthen the noise in it.placements within that domain. Particularly

See als@dge enhancememradienfimage  important sorts of shift invariance are space

enhancement Laplacian operator noise  invariance and time invariance. The impulse

Sobel operator response of a system is independent of the
spatial (or temporal) location of the impulse.

SHDTV See super high definition

television shift register  a register whose contents
can be shifted to the left or right.

shed a circular roof-like feature of an

electrical insulator which presents a long sifting property  the ability of the impulse

electrical leakage path while permitting the functionto selecta particular value of another

drainage of rainwater. function. In discrete time
. . %)
sheet resistance lateral resistance of an x(n) = Z x(n)8(n — i).

area of thin film in the shape of a square. P
shell-type transformer a power trans- In continuous time
former in which the magnetic circuit sur- o
rounds and normally encloses a greater por- x(r) — / x(s)8(t — s)ds.
tion of the electrical winding. —00

shieldwire (1) aground wire placed above
an electric transmission line to shield the con-
ductors from lightning strokes.

(2) a ground wire buried directly above
a buried communications cable for lightning
protection.

Shockley, William (1910-1989) Born:
London, England

Shockley is best known as one of the de-
velopers of the transistor. In 1956 Shockley,
John Bardeen, and Walter Brattain received
the Nobel Prize for their work. Schockley
led the group at Bell Labs responsible for the

shéeldtlp 9 effectttlvene?s ?Tﬁ aSLI'retOf the semiconductor research that led to the de-
reduction or attenuation In the electromag- velopment of the “point-contact transistor.”

ge?ﬁ f|_e|d s:_reng;h ath‘?‘ ||3(;)t|)ntt|n spatche causedln later life, Shockley became known for his
ythensertion otashield between esourcepublic pronouncements on various political

and that point. Typically expressed in deci- .

and genetic issues.
bels: SE=20logio(E1/E2) dB,whereE; = g
field strength measured without shield and Shoeffler sensitivity ~when the multipa-
E3 = field strength measured after shielding 5 eyer sensitivity row vector is known, then

is applied. the measure of this vector determined as

;hiﬁ i_nstructio_n a program instruction ) n SF(jw’X)
in which data in a register or memory loca- po(F) = Z ‘ )

tion is shifted one or more bits to the left or i=1

right. Data shifted off the end of the regis- is called Shoeffler multivariable sensitivity.

2
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short circuit a condition on the power of material into another. Also known as
system where energized conductors come inSchottky noise.

contact (or generate an arc by comingin close

proximity) with each other or withground, al- shotgun aspecialized hot stick thatis used
lowing (typically large) fault currents to flow. to install a hot tap.

short circuit admittance ~ the admittance ~ Shubnikov—de Haas oscillation quantum
into an N-port device when the remaining oscillations in resistance as a function of ap-
ports are terminated in short circuits. For port plied magnetic field.
1 of a 2-port device, it is the input admittance
into port 1 when port 2 is shorted. shunt (1) a device having appreciable
impedance connected in parallel across other
short circuit gain—bandwidth product a  devices or apparatus and diverting some of
measure of the frequency response capabilihe current from it. Appreciable voltage ex-
ity of an electronic circuit. When applied to 1StS across the shunted device or apparatus,
bipolar circuits, itis nominally the signal fre- @nd an appreciable current may exist in it.
guency at which the magnitude of the current ~ (2) an inductive element connected across
gain degrades to one. apowerline or bus. Those connected to buses
are known as bus-connected reactors, while

short code in a spread-spectrum sys- those connected across a power line are called
line-connected reactors.

tem, periodic spreading code (spreading se-
guence) with a period equal to a bit duration.

See alsdong code shunt capacitor  a capacitor or group of

capacitors which are placed across an electric
power line to provide a voltage increase or to
improve the power factor of the circuit. A
switchable shunt may be disconnected from

?hort-0|r(?(ljj|té)rt')otectlon the begeflplal e;— the circuit when conditions warrant, while a
ect provided by an overcurrent device When g, o4 ghnt is permanently connected to the

it acts to interrupt short-circuit current. power line.

short duration  Seevoltage variation

short-circuit test  a transformer test con-  ghunt DC machine a DC machine with
ducted by placing a few percent of rated volt- {ne field winding connected in shunt with
age on the voltage side while the low voltage the armature. In shunt generators, residual
winding is shorted. By measuring the volt- magnetism must be present in the machine
age, current, and input power, itis possible t0jron in order to initiate the generation pro-
calculate the equivalent winding impedance cess. These machines are also known as self-
for the transformer equivalent circuit. excited, since they supply their own excita-
tion.
shortened code a code constructed from
another code by deleting one or more mes-shunt field  a field winding of a DC ma-
sage symbols in each message. Thus atthine consisting of many turns of fine wire,
(n, k) original code becomes@n—1,k—1)  connected in parallel with the armature cir-
code after the deleting of one message symwuit. It may be connected to the same source
bol. as the armature or a separate source.

shot noise noise voltage developed at in- shunt peaking use of a peaking coil in a

ternal device boundaries, such as solid-stateparallel tuned circuit branch connecting the
junctions, where charges cross from one typeoutput load of one amplifier stage to the in-
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put load of the following stage, in order to principle, and his use of this in heavy-current
compensate for high frequency loss due toapplications, allowed his companies to be-
the distributed capacitance of the two stages.come pioneers in devices to generate electric-

ity and rail applications. Siemens’ belief in
shunt reactor areactor intended for con- basic research made him a champion of stan-
nection in shunt to an electric system to draw dards and research institutions that he helped
inductive current. to establish.

Si  periodic table symbol for siliconSee  SiGe  in order to increase the speed of Si
silicon. semiconductor devices without compromis-
ing on Si's ease of device processing, SiGe
Si/SiGe/SiGeC  silicon-based alloy sys- heterostructures can be used.
tem providing band offsets that enable het-
erostructures that can be utilized for hetero-sigma-delta A/D conversion  an over-
junction transistor design and quantum con-sampling A/D conversion process where
finement. the analog signal is sampled at rates much
higher (typically 64 times) than the sampling
side lobe level the ratio of a local maxi- rates that would be required with a Nyquist
mum in a radiation pattern to the global max- coverter. Sigma-delta modulators integrate
imum (main beam) of the radiation pattern. the analog signal before performing the delta
modulation. The integral of the analog sig-
sideband the signal produced when a car- nal is encoded rather than the change in the
rier signal is modulated. They may be one analog signal, as is the case for traditional
single sideband, one set of upper and lowerdelta modulation. A digital sample rate re-
sidebands, or a series of sidebands whoséluction filter (also called a digital decimation
number is dependent on the modulation in-filter) is used to provide an output sampling
dex of the modulation system being used. rate at twice the Nyquist frequency of the
signal. The overall result of oversampling
sidelobe alobeinanantennaradiation pat- and digital sample rate reduction is greater
tern apart from the main lobe and any grating resolution and less distortion compared to a
lobes. Sidelobes have peak amplitudes lesdNyquist coverter process.
than that of the main lobe.
sigma-delta modulation  a method for
sidelobe level (SLL) the peak amplitude scalar quantization, similar in principle to
of a sidelobe relative to the peak amplitude of delta modulation but somewhat more sophis-
the main lobe. The SLL is usually expressedticated. Employed in, e.g., compact-disk
as the number of decibels below the main Players.

lobe peak. ) ) ) ) _
sigmoid function a compressive function

Siemens, Emst Wemer von  (1816— thatmapsinputslessthan-1toapproximately
1892) Born: Lenthe, Hanover, Germany ~ Z€ro, inputs greater than 1 to approximately
Siemens is best known for the German 1 @nd maps values from -1 to 1 into the range
and British companies that bear his name.0 © 1. A common sigmoid function is
Siemens was a strong believer in basic re- 1
search, as well as an avid inventor. His
early inventions included an improved gutta-
percha wrapped telegraph cable that allowedSigmoid functions are often used as acti-
his companies to secure a number of lucrativevation functions in neural nets.See also
cable contracts. His discovery of the dynamo activation function

1+e T
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sigmoidal characteristic  a widely used represent the above voltage sampled every
type of activation function, especially in net- 0.5 seconds, as shown in the figure.

works trained using schemes like backprop-
agation that are based upon gradient descent.
The mostcommon functions used are the arc- o«
tan, tanh, and logistic functions, with appro-
priate variations for binary and bipolar vari-
ables.

0.3+
k]

signflag abitinthe condition code register

that indicates whether the numeric result of
the execution of an instruction is positive or
negative (1 for negative, 0O for positive).

applied voltage (volts)

sign-magnitude representation a num- I N N N
ber representation that uses the most signifi- [
cant bit of a register for the sign and the re- Discrete time signal.
maining bits for the magnitude of a binary
number.
signal averaging an averaging process
signal  arealorcomplexfunctiory;(r) ofa  that is used to enhance signals and suppress
time variabler. If the domain is the real line noise, thereby improving the signal-to-noise
t € R, or an interval of the real line, then ratio. See alsaveraging
the signal is acontinuous timesignal. For
example f(¢) could represent the magnitude signal conditioning  a process that is used
of a voltage applied to a circuit, as shown in to improve the appearance or effectiveness
the figure. of a signal, either by suppressing noise or by
transforming the signal into a more suitable
form. This latter category includes image

S —a N enhancement. Signal conditioning is often
5 IR appropriate in preparing signals for recogni-
L [ tion.
ST | signal constellation  in digital communi-
o | /i cations, the set of transmitted symbols repre-

sented as points in Euclidean space. For ex-
ample, the signal constellation for (uncoded)

gquadrature amplitude modulation is a set of

points in the complex plane.

signal decimation Seedecimation
Continuous time signal.

signal detection detecting the presence of

If the domain is a discrete sék, k = a signal in noise.

0,1, 2, ...}, then the signal is discrete time
signal. Discrete time signals commonly arise signal flow graph  graphical representa-
in engineering applications by sampling a tion of the relationships between a set of in-
continuous time signal, in control and filter- dependentinput variables that are linearly re-
ing applications. For examplef;[k] could lated to a set of dependent output variables.
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signal level the value of a signal at a par- signal-to-interference ratio (SIR) thera-
ticular place and time. tio of the average power of the signal compo-
nent to the average power of the interference
signal processing a generic term that componentin a case where an information-
refers to any technique that manipulates thebearing signal of interest has been corrupted
signal, including but not limited to signal by interfering signals.
averaging, signal conditioning and signal
recognition. When applied to images, it is signal-to-noise plus interference ratio
normally referred to as image processing, the(SNIR)  the ratio of total signal power to
term signal processing usually being reservedthe sum of total noise power and total inter-
for 1-D signals. ference power at a receiver. The SNIR is
a more complete indicator of received sig-
signal recognition  the recognition of sig- nal quality than either SIR or SNR, where
nals by appropriate analysis, often with the the relative contribution of receiver noise and
help of filters such as matched filters or fre- external sources of interference are either
quency domain filters. unknown or widely varying. It is a unit-
less quantity.See alscsignal-to-noise ratio

signal recovery  the process of extraction Signal-to-interference ratio
of signals from a background of noise or clut-
ter, often in situations, where the signal-to- signal-to-noise ratio (SNR) the ratio of
noise ratio is so low that matched filters, syn- the average power of the information signal
chronous detectors or lock-in amplifiers have component to the average power of the noise
to be usedSee als®ynchronous detection ~ component in a signal consisting of the sum
of an information signal component and a
signal reference subsystem this subsys- ~COrrupting noise component. Itis a unitless
tem provides the reference points for all sig- quantity.
nal grounding to control static charges, noise,
and interference. It may consist of any one signaling  procedures used to control (set
or a combination of the lower frequency net- up and clear down) calls and connections
work, higher frequency network, or hybrid Wwithin a telecommunication network.
signal reference network.
signaling system 7 (SS7) a communica-
signal restoration  the restoring of data tions protocol used in common-channel sig-
that has been corrupted by instrumentationnaling networks.
dynamics and noise.
signature a characteristic easily com-
signal subspace in an orthogonal de- puted feature or function by which a particu-
composition of a space, the part to which lar object or signal may be at least tentatively
the desired signal belongsSee alsonoise  identified. An example is the centroidal pro-
subspace file for an object having a well defined bound-
ary.
signal transfer point (STP) a packet
switch found in the common-channel signal- signature analysis (1) a test where the
ing network; itis used to route signaling mes- responses of a device over time are compared
sages between network access nodes such 48 a characteristic value called a signature,

switches and SCPs. which is then compared to a known good one.
(2) an analysis of the signature to extract
signal variance  Seevariance the desired (signal) information.
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signed-digit representation afixed-radix  off, with no intermediate operating states like
number system in which each digit has a signtransistors. The SCR acts as a switch that
(positive or negative). In a binary signed- is turned on by a short current pulse to the
digit representation, each digit can assumegate, provided that the device isin its forward
one of the values-1, 0 and 1. blocking state. Once latched on, the gate cur-

rent can be removed and the device will re-
significand the mantissa portion of a main on untilthe anode currentgoes negative,
floating-point number in the IEEE 754 orthe current through the SCR becomes less
floating-point standard. It consists of an im- than its designated holding current. A disad-
plicit or explicitleading integer bitand a frac- vantage is that a commutation circuit is often
tion. needed for forced turn-off (forced commuta-

tion).
signum function  the function

silicon dioxide (SiQp) an amorphous

+1 >0 compound of silicon and oxygen with aresis-
sgnz) =10 L t= 8 tivity of 1014 to 10t” ohm-cm and a bandgap
-1 t<0.

of 8.1 eV. Essential as a dielectric and insu-

Used in modeling numerous types of systemlator for silicon devices.

functions. silicon nitride (SiN4)  forasemiconductor

manufacturing process, a compound formed
of silicon and nitrogen that is deposited and
silicon most common element in the €tched back to provide a masking layer ap-
earth’s crust and a type IV (from periodic propriate for withstanding subsequ.ent_high
table of elements) semiconductor material, EMPerature processing such as oxidation.
The bipolar carriers, both holes (p dopants) or
electrons (n dopants) are roughly in propor-
tion to each other, resulting in nearly equal
currents in the same direction. They move
at about half the speed of comparable GaAs
unipolar carriers. The thermal resistance is
also about half that of GaAs.

Silicon has an indirect band gap of 1.11
eV, density-of-states masses of 1.1 times th
free-electron mass for the conduction band
and 0.56 for the valence band.

SIL  Seesurge impedance loading

SIMD See single-instruction stream,
multiple-data stream

similarity between symbol strings  See
distance between symbol strings

similarity measure  the reciprocal con-
cept of distance measure.See distance
easure

similarity of 2-D system matrices  two

. . system matrices
silicon compiler  a set of software pro-

grams intended to start with design equations | P Qi =12
and output the corresponding GDS2 data. ' Ci D T
Silicon compilers are currently used to trans- o the same dimensions (See input—output

Iate_a standard cell design from one set of gquivalence of 2-D system matrices) where
design rules to another or to create a new sethere exists a nonsingular matrix such that

of standard cells. 1

Ew Rk
silicon controlled rectifier (SCR)  a cur- €1 D 0 r]l€2 D2 J1OT
rent controlled four-layer (pnpn) device for Thetransfer matrif;(z1, z2) = C; Pl.‘lQmL

high power (3000 A) and low speed (500 D; (i = 1, 2) and the characteristic polyno-
Hz) applications. SCRs can only be on or mial det P; are invariant under the similarity.
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SIMM  Seesinglein-linememory module simultaneous contrast the phenomenon
in which the brightness (perceived lumi-
nance) of a region on a dark background is

simple medium a medium that is linear, greater than the brightness of an identical re-

isotropic, homogeneous, and time-invariant. gion on a light background. lllustrates that

brightness (perceived luminance) is differ-
simplex term used to describe a method of ent from lightness (actual luminancefee
winding the armature of a commutated elec- alsobrightnessbrightness constangguman
tric machine in which consecutive coils are visual systemMach band

placed in adjacent coil slots around the pe-

riphery of the rotor. In a lap winding, this SiNs  Seesilicon nitride

produces two parallel electrical path between

brushes for each pole pair. In a wave wind- sinc function  this function is defined by

ing, a simplex arrangement produces two par-the relation:

allel electrical paths between brushes regard- . sinmt
less of the number of poleSee alsaluplex sinar) = ——.
multiplex.

Ascaledsincfunctionis the impulse response

simulated annealing an optimization of an ideal lowpass filter.

technique that seeks to avoid local minima by
allowing the search trajectory to follow paths
that not only decrease the objective function
but also sometimes increase it. The proba-
bility that an increase in the objective func-
tion is allowed by the technique is governed sine-squared pulse pulse string made

by a quantity that is analogous to tempera-.,m 4 standard sinewave with an added DC

ture. The scheme commences with a highonn4nent equal to one-half of the peak-to-
temperature, under_wh|ch th,e p_robab|l|t¥ of peak value of the sine wave. The pulse string
allowing increases in the objective function is, therefore, always positive in value.

is high, and the temperature is gradually re-
duced to zero, and from then on no further sinewave brushless DC  a permanent

increases in the function are allowedee magnet brushless motor with sinusoidally

sine transform  usually refers to the dis-
crete sine transform. It also refers to a con-
tinuous time transform similar to the Fourier
transform.

alsoannealing distributed stator phase windings. More
) ) i _ commonly known as permanent magnet syn-
simulation  Seecomputer simulation chronous machine.

simulation model ~ Seetruth modelor  sjngle dwell detector ~a detector in a com-

computer simulation munications receiver based on adecisionona
transmitted symbol being made after a single

simulator  a program used to predict the correlation of the received signal with a ref-

behavior of a circuit. erence signalCompare withmultiple dwell
Simulators may be transistor level, gate detector

level, behavioral level, analog, digital, unit

delay, timing, or various combinations. single electron transistor  solid state de-
vice that performs electronic functions using

simulcast systems systems that simulta- a single transistor’s electron.

neously broadcast over two or more differ-

entfrequency channels or modes of broadcassingle in-line memory module (SIMM)  a

signals. miniature circuit board that contains memory
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chips and can be plugged into a suitable slotsingle sideband modulation (SSB) a

inacomputer motherboard in order to expandmethod of amplitude modulation in which

the physical memory. only one of the sidebands (upper or lower)
is transmitted. This method can potentially

single in-line packaging (SIP) amethod double the capacity of a single channel.

of packaging memory and logic devices on

small PCBAs with a single row of pins for single variable system Seesingle-input—

connection. single-output system

single layer perceptron an artificial neu-  single-address computer a computer
ral network consisting of a single layer of based on single-address instructions.
neurons (perceptrons) with an input layer.
See alsanultilayer perceptroyperceptron  single-address instruction a CPU in-
struction defining an operation and exactly
single line to ground fault ~ a fault on a one address of an operand or another instruc-
three phase power line in which one conduc-tion.
tor has become connected to ground.
single-chip microprocessor a micropro-
single machine infinite bus system a  cessor that has additional circuitry in it that
model of a power system consisting of a sin- allows it to be used without additional sup-
gle generator working into an infinite bus port chips.
which represents the remainder of the sys-
tem. single-electrontunneling the name given
to very small capacitors with thin insulators
single mode  single frequency resonance so that tunneling can occur through this insu-
of a cavity that is usually associated with a lator. When the capacitor is small, it is possi-
unique field distribution. ble that the energy change for the tunneling of
one electronis larger than the thermal energy,
single phase to ground fault Seesingle  so that fluctuations cannot support the tun-
line to ground fault neling. In this case, an external source must
provide the energy needed for the tunneling
single photon emission computed tomog- Process, which occurs usually (in these very
raphy (SPECT)  a form of tomographic Ssmall capacitors of ordez 10-18 F) by the
medical |mag|ng based upon the density transfer of a Single charge from one pIate to
of gamma ray-emitting radionuclides in the the other.
body.
single-element fuse a fuse that is con-
single precision  floating point numbers structed with a single fusible element. It
that are stored with fewer rather than more does not meet the standard definition of time-
bits. Often refers to numbers stored in 32 bits delay.
rather than 64 bits.
single-ended amplifier an amplifier that
single scattering  weak interaction of the has only one signal path and only one set of
light wave with the medium. This occurs inputand output ports.
when this is weakly inhomogeneous. This
process yields low changes in the phase andingle-input—single-output (SISO) system
amplitude of light, and no variationinits state a system that transforms one input signal
of polarization. to one output signal. Also known as sin-
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gle variable (SV) systemSee alsasystem  rentand shut down the motor after some time
multiple-input—multiple-output system delay.

single-instruction stream, multiple-data  single-polereclosing the practice of clear-

stream (SIMD) a parallel computer ar- ing a fault which appears on one phase of
chitecture in which a collection of dataiis pro- a three-phase electric power line by discon-
cessed simultaneously under one instruction.necting and reclosing only that phase as op-

Example in optics is imaging by a lens. posed to opening and reclosing all three phase
conductors.

single-instruction stream, single data
stream (SISD)  a processor architecture Single-pole double-throw (SPDT)  a
performing one instruction at a time on a sin- SWitch thathas acommon portand two output

gle set of data. Same as uniprocessor. ports. Among these two ports, only one se-
lected port can be connected to the common
single-layer network ~ a feedforward net-  PO't

work consisting of input units connected di- | le sinale-th itch
rectly to the output units. Thus, the network S!N9!€-Poiesing e-throw (SPST) -aswitc

has a single layer of weights and no hiddenthat h‘_"‘S a pair of input—qutput ports. By
units. changing its status, the switch works as short

or open circuit.

single-mode fiber an optical fiber with a
relatively small diameter in which only one
mode may propagate. However, this mode
may have two orthogonal states of polar-
ization that propagate unless a polarization
maintaining optical fiber is used.

single-sided assembly a packaging and
interconnecting structure with components
mounted only on the primary side.

single-stage decision making decision
making involving future operation of the
system, as in the case of open-loop feed-
back control, where no future measurements
and decision interventions are assumed when
considering the decision taken at a given
time.

single-mode optical fiber relatively thin
fiber that has low loss for one mode and much
higher losses for all other mode&ee also
Flynn’s taxonomy

single-phase inverter an inverter with a single-step  to operate a processor in such

single-phase AC voltage output. Half-bridge 5 way that only a single instruction or ma-

and full-bridge configurations are commonly chine memory access cycle is performed at a

used. time, enabling the user to examine the status
of processor registers and the flags. A com-

single-phase rectifier ~ a rectifier with a  mon debugging method for small machines.

single-phase AC voltage input.See also

half-wave rectifiemandfull-wave rectifiet single-tuned circuit a circuit which is
tuned by varying only one of it's components,

single-phasing  a condition that occurs e.g., an IF transformer in which only the sec-

when a three-phase motor has an open cirondary coil (rather than both primary and sec-

cuitoccur in one of the three lines. The motor ondary) is tuned.

continues to operate with one line to line volt-

age as a single-phase motor, with an increaseingle-valued a function of a single vari-

in noise, vibration, and current. Proper over- able,x(¢), which has one and only one value

load protection should detect the higher cur- yg = x(fg9) for any rg. The square root is
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an example of a function that is not single-
valued.

singular 2-D Attasi-type model a 2-D
model described by the equations

Exiy1j+1 = —A1A2x;; + A1xi11,j
+ A2Xi j+1+ Buij
vij = Cxjj + Du;j

i, j € Z(the set of nonnegative integers) is
called singular 2-D Attasi-type model, where
x;j € R" is the local semistate vectar;; €
R™ is the input vectory;; € R” is the out-
put vector, andE, A1, A2, B, C, D are real
matrices withE singular (detE = 0 if E is
square or rectangular).

singular 2-D Fornasini-Marchesini-type
model a2-Dmodel described by the equa-
tions

Exiy1,j+1 = Aoxij + A1xit1,j
+ Aox; j+1+ Bu;j (1a)
vij = Cxij + Duij (1b)

i,j € Z4 (the set of nonnegative integers)
is called the first singular 2-D Fornasini—
Marchesini-type model, wherg; € R" is
the local semistate vectai;; € R™ is the
input vector,y;; € R? is the output vector,
E, Ay (k=0,1,2), B, C, D are real matri-
ces withE singular (dett = 0 if E is square
or rectangular). An 2-D model described by
the equations

Exit1,j+1 = A1xiy1,j + Aoxi j11
+ Biuiy,j + Bouj j+1
and (1b) is called the second singular 2-
D Fornasini—Marchesini-type model, where
x;ij, uij, andy;; are defined in the same way
asfor(1),E, A1, A, B1, Bp are real matrices
with E singular.

singular 2-D general model a 2-D model

described by

Exit1,j+1 = Aoxij + A1xit1,j
+ Apx; jy1+ Bouij + Buiy1,j + Boui 11
yij = Cxjj + Duj;
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i,j € Z4 (the set of nonnegative integers)
is called singular 2-D general model, where
x;j € R" is the local semistate vectar;; <
R™ is the input vectory;; € R” is the out-
put vector,E, Ay, By (k = 0,1,2), C, D
are real matrices witlt' singular (dett = 0

if E is square or rectangular). In particular
case forB1 = B> = 0 we obtain the first sin-
gular 2-D Fornasini-Marchesini-type model
and forAg = 0 andBy = 0 we obtain the
second singular 2-D Fornasini—Marchesini-
type model.

singular 2-D Roesser-type model a 2-D
model described by
xih+1,j A1 A2 || X5 B1
v

[xiﬁl} A3 A4 }
X
Yij = C N + Dujj

i,j € Z (the set of nonnegative integers)
is called singular 2-D Roesser type model,
wherex/" € R" andx}; € R"? are horizon-
tal and vertical semistate vector, respectively,
u;j € R™ istheinputvectory; ; € R? isthe
outputvectorf, A1,A2,A3,Aq, B1,B2,C, D
are real matrices witl' singular (detE = 0

if E is square or rectangular). In particular
case forE = I we have 2-D Roesser model.

I[%

By
h
ij
v

ij

singular matrix  a square matrixd is sin-
gular if its rows (or columns) are not linearly
independent. Singular matrixes cannot be in-
verted, have zero determinants, and have lin-
early dependent columns and rows.

singular perturbation for a dynamical
system, a state-space model in which the
derivatives of some of the states are multi-
plied by a small positive parameter

!

The parametes represents the parasitic ele-
ments such as small masses, inertias, capac-
itances, inductances, etc. The system prop-
erties undergo a discontinuous change when
the perturbation parameteris set to zero

X ="f(,X,2z¢)
ez=4((t,X,2,¢)



since the second differential equations be-sinusoid a periodic signalx(z) =
comes an algebraic, or atranscendental equacoswt + 6) wherew = 27 f with frequency
tion in hertz.
0=g9g(,x,z0).
) ) sinusoidal amplitude modulation ampli-
The singular perturbation methods are usedy,je modulation where the carrier signal is a

in the analyses of high-gain nonlinear control g ;50id. Seeamplitude modulationcarrier
systems as well agariable structure sliding signal

modecontrol systems.

] -~ sinusoidal coding parametric speech cod-
singular value decomposition (SVD)  jng method based on a speech model where
useful decomposition method for matrix in- {he signal is composed of sinusoidal compo-
verse and pseudomverge problems, mclu_dmgnems having time-varying amplitudes, fre-
the least-squared solution of overdg_termmedwencies and phases. Sinusoidal coding is
systems. SVD represents the mattiinthe  ostly used in low bit rate speech coding.
form A = UAzV, whereA is a diagonal
matrix whose entries are the singular valuessinusoidal signal  a signal of the form
of A, andU andV are the row and column .
eigenvector systems of. Any matrix can x(t) = Asin@rft +0)
be represented in this way. In image pro- whereA is the amplitude and is the phase
cessing, SVD has been applied to coding, toangle.
image filtering, and to the approximation of
non-separable 2-D point spread functions bysinusoidal steady-state response re-
two orthogonal 1-D impulse responses. sponse of a circuit a sine wave input as

t — oo. The output then has two compo-
singularity  alocation in the workspace of nents, a magnitude and a phase, that are the
the manipulator at which the robot loses one magnitude and the phase of the transfer func-
or more DOF in Cartesian space, i.e., theretion itself fors = jw.
is some direction (or directions) in Cartesian
space along which it is impossible to move sinusoidal-Gaussian beam electromag-
the robot end effector no matter which robot netic beam in which the transverse field dis-
joints are moved. tribution is describable in terms of sinusoidal

and Gaussian functions.
singularity function  a function-like op-
eration that is not a proper function in the SiO2  Seesilicon dioxide
analytic sense. This is because it has a point
at which the function or its derivative is infi- SIP Seesingle in-line packaging
nite or is undefined. In particular, the Dirac

delta function is defined as: SIR  Seesignal-to-interference ratio
ocom=0 SISD  Sesesingle-instruction stream, single
3(1) = ,
0 otherwise. data stream
Other examples are the step function and thes|SO See single-input-single-output
ramp function. system

sintered magnet magnetmade frompow- SISO system  See single-input-single-
dered materials that are pressed together andutput system

then heated in an oven to produce desired

shapes and magnetic properties. SIT  Seestatic induction transistor
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site diversity  the combination of received skeletonization a procedure, usually thin-

signals at widely separated locations havingning, that produces an image skeleton.

substantially different propagation paths to

the transmitter. The resultant signal has re-skew (1) an arrangement of slots or con-

duced fading depth and therefore higher qual-ductors in squirrel cage rotors so that they are

ity communication is possible. Often used in not parallel to the rotor axis.

Earth—satellite linkto overcome the effectsof ~ (2) in computer buses, a condition where

scintillation and rain fading values on certain bus lines have slightly
different transmission times than values on
other lines of the same busSee alsaape

SITH  Seestatic induction thyristor skew
six connected Seevoxel adjacency skewed addressing See interleaved
memory

size distribution  the size distribution of a

family of objects is a function measuring the skewed symmetry the nonperpendicular
number or volume of all objects in any size appearance of a symmetry-axes system for
range. In mathematical morphology, this no- an object, when the plane of the object is not
tion is developed by analogy with a family perpendicular to the line of sight from the
of sieves: each sieve retains objects largerviewpoint.

than a given size, and lets smaller objects

go through; when two sieves are put in suc-skewing (1) the bending of a curve away
cession, this is equivalent to using the finestfrom it's original shape.

sieve. This idea is formalized by taking a  (2) In a differential amplifier, the offset
one-parameter family of morphological op- between two signals.

eratorsy, (r > 0) such that for all objects

X, Y andr, s > 0, one has skin depth  for a lossy material, the dis-
1.7 (X) < X, thatis,y, is anti-extensive; tance at which electromagnetic fields expe-
2.X < Y implies thaty, (X) < y,(Y), that  ience one neper of attenuation. For a good
is, 1, is increasing; - conductor, the skin depth is given by

3. (X)) = Vmax(r.x)(X)- In particu- 1

lar, eachy, is an algebraic opening, and —

for s > r we havey;(X) < y,(X). See Vrufo

mathematical morphologymorphological  \heref is the frequencyy is the permeabil-
operatoyopening ity, ando is the conductivity.

skeleton (1) the set of arcs, enclosing a skin effect  the tendency of an alternating

region, resulting from the successive appli- current to concentrate in the areas of lowest
cation of a thinning operator on the region. jmpedance.

(2) a shape representation consisting of a
connected set of pixel locations of unit width skinny minnie a telescoping fiberglass
running along the centers of the object limbs. pole with interchangeable tools mounted at
This is a natural representation, where (a)its end. It can be extended sufficiently to
limbs are of approximately uniform width allow a line worker to service cut-outs and
and (b) the width is unimportant for shape similar pole-top equipment from the ground.
analysis, so that all the shape topology is em-
bedded in the skeleton. The prime applica- skip instruction an assembly language
tion relates to interpretation of hand-drawn instruction that skips over the nextinstruction
characters and script. without executing it.
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sky wave a wave that propagates into the lator is a time-scaled version of the auto-
ionosphere. It undergoes several reflectionscorrelation function of the pseudorandom se-
and refractions before it returns back to Earth. quence.

The time-scaling factor depends on the
slab waveguide a dielectric waveguide difference of the clock frequencies, and typi-
useful for theoretical studies and for ap- cally cannot be lower than 1000 without sig-
proximating other types of waveguide such nificant distortion in the resulting correlation
as the rib waveguide. Seerib wave-  function. This sets an upper bound to the rate
guide of producing complete autocorrelation func-

tions, making sliding correlation not ideally
slant angle  also called “dip angle”; the suited to measurement of channels with fast
angle by which a plane slants or dips away time variance. A sliding correlator must be
from the frontal plane of the observer. implemented using analogue signal process-

ing. See alsastepping correlation
sleeve (1) rubber cover for a line worker’s

arms. sliding mode the motion of a dynamical
(2) a type of wire connector. system’s trajectory while confined to a slid-
ing surface.

slew rate  the rate of variation of an AC

voltage in terms of volts per second. sliding mode control a discontinuous
In an op-amp, if the signal at the op-amp control in which a sliding mode is deliber-

output attempts to exceed this limit, the op- ately induced. The design of a sliding mode

amp cannot follow and distortion (“slew rate controller consists of two phases. In the first

limiting”) will result. phase, a sliding surface is specified by a de-
signer. Then, in the second phase, feedback

slice Seewafer. gains are selected so that the controlled sys-
tem’s trajectories are driven toward the slid-

SLG  Sessingle line to ground fault ing surface. The role of a sliding mode con-

troller is to drive the system’s trajectories to
slicer adevice that estimates a transmitted the surface and to maintain them on the sur-
symbol given an input that is corrupted by face, in sliding mode, for all subsequent time.
(residual) channel impairments. For exam- While in sliding, the system is not affected by
ple, a binary slicer outputs 0 or 1, depending matched uncertainties:urthermore, the sys-
on the current input. tem in sliding is governed by a reduced set of
differential equations. This is called the or-
sliding correlation  a principle of opera- der reduction, and it is a very useful feature
tion of a correlation receiver in channel mea- in designing sliding mode controllers.
surement, where pseudo-random sequences
are utilized. The transmitted signal consists sliding mode domain  a sliding mode
of a carrier modulated (typically employing domain D where for eache > 0 there
phase shift keying) by a pseudorandom se-exists ad > 0 such that any trajectory
guence. The received signal is correlatedstarting inthe:-dimensionaé-neighborhood
(multiplied) by a similar reference signal, of A may leave then-dimensional ¢-
in which the pseudorandom sequence has aeighborhood of A only through then-
clock rate slightly lower than in the transmit- dimensionat-neighborhood of the boundary
ted signal. The difference in clock frequen- of A.
cies causes the relative phase (chip position)
of the pseudorandom sequences to slide bysliding mode observer Seesliding mode
each other. The output of a sliding corre- state estimator
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sliding mode state estimator state es- slip in an induction motor, slip is de-
timators of uncertain dynamical plants in fined as the ratio of the slip speed to the syn-
which the error between the state estimatechronous speed. The slip speed is the dif-
and the actual state exhibits sliding mode be-ference between the synchronous speed and
havior on a sliding surface in the error space.the speed of the roto6ee als@ynchronous
speed
sliding surface  asurface in the state space
specified by a designer of a variable structureslip frequency the frequency of the ro-
sliding mode controller. The role of a sliding torinduced currents in an induction machine.
mode controller is to drive the system’s tra- Denoted byfy;, the slip frequency is given by
jectories to the surface and to maintain themslip x stator frequencyf;) and is the prime
on the surface for all subsequent time. Alter- frequency used in slip frequency control of
native terms for sliding surface are switching induction machines.
surface, discontinuity manifold, equilibrium

manifold. slip power recovery control  a method of
controlling the speed of a wound rotor in-
sliding termination a precision air- duction machine by recovering the slip fre-

dielectric coaxial transmission line that con- quency power from the rotor to an AC power

sists of a moveable, tapered termination usedsource or mechanical shaft through the con-

as an impedance standard for calibrating vec-verter connected to the rotor windings of the

tor network analyzers and in other precision motor. Slip power recovery control reduces

microwave measurement applications. the losses that occur with rotor resistance
control.

sliding window in an ARQ protocol,

the (sliding) window represents the sequenceslip-ring contact  a rotating, brush-con-

numbers of transmitted packets whose ac-tacted ring electrode connected to one end of

knowledgments have not been received. Af-a coil in an AC generator.

ter an acknowledgement has been received

for the packet whose sequence number is aSLL  Seesidelobe level

the tail of the window, its sequence number is

dropped from the window and a new packet SLM  Seespatial light modulatoor liquid

whose sequence number is at the head of therystal on silicon

window is transmitted, causing the window

to slide one sequence number. slope detector a circuit consisting of an
LC tuned circuit, a detector diode, and a filter

sliding-mode control  a bang-bang con- circuit that has an IF set to be on the most lin-

trol technique that confines the state spaceear portion of the response curve. The circuit

trajectory to the vicinity of a sliding line. converts FM to AM by having the frequency

Assuming a second-order system, the slid-changes from the FM signal cause the sig-

ing line is defined aax; + bxo = 0, where  nals to move up and down the response curve

x1 andx, are the state variables andand  which results in amplitude variations.

b are constant coefficients determined by the

desired control law. The sliding line exists slope transform  transform that plays for

if the trajectories of the subcircuits on either morphological operators a role which is to

side of the line are directed toward the sliding some extent analogous to that of the Fourier

line. The sliding line is stable if the motions transform for linear shift invariant systems.

along the sliding line are toward an operation We consider a spadeof pointsx and a space

point. The ideal overall trajectory isindepen- F of slopesx, such that the (bilinear) scalar

dent of the trajectories of the subcircuits.  product(«, x) is well-defined (for example

©2000 by CRC Press LLC



E, resp.F, can be either a Euclidean or a dig-
ital space). We consider functions éror F
having real ort oo values. Here the analog
of the cisoid function is the linear function
I, of slopea defined byi, (x) = (a, x). For
any function f on E one defines its slope
transformS,, (f) and its lower slope trans-
form SA(f) by

Sv(f)e) = Sug(f(X) — (a, x))
and

Sa(f)(@) = xirelg(f(x) — (o, x)).

There is a variant theory of slope trans-
forms, whereS,, (f) is a multivalued func-
tion, and for which an exactinverse transform
exists.

slot aspacebetweentheteethusedtoplace
windings in electrical machines.

slot pitch  the angular distance (hormally
in electrical degrees) between the axes of two
slots.

slotless motor  permanent magnet brush-
less DC motor in which stator teeth are re-
moved and the resulting space is partially

The counterpart for dilations and erosions of filled with copper. The slotless construction
the convolution theorem in Fourier analysis P&rMits an increase in rotor diameter within

is given by

Sv(f®g) =3Sv(f)+Sv(g)
and

SA(f©8) =SA(f) —Sv(®).

For any functiony on F one defines thad-
joint upper slope transforns, () and the
adjoint lower slope transforn§, () by

Sy W) = inf (v (@) + (@, x))
and

Sy(W)x) = SU}E(W(O!) + (o, x)).
ae

the same frame size, or alternatively an in-
crease in electric loading without a corre-
sponding increase in current density.

slotted ALOHA  a multiple access proto-
col. In slotted ALOHA, time is divided into
frames. Any user is allowed to transmit dur-
ing any frame. The possible collisions result
in retransmission at a later timeSee also
pure ALOHA

slotted line  coax or waveguide with a lon-
gitudinal slot that accommodates a voltage
probe that can measure the voltage anywhere
along the slot. Typically used to measure
standing wave ratio (SWR).

slow start  a congestion control algorithm

Contrarily to the Fourier inversion formula that rapidly determines the bandwidth avail-
in Fourier analysis, the adjoint upper/lower able to a transmitter by doubling the number
slope transform does not provide an exactof packets sent each round trip until losses
inversion of the upper/lower slope trans- are detected. This algorithm is “slow” when

form; for every functionf on E, S, (S (f))

is the concave hull off, in other words
the lower envelope of all linear functions
le + ¢ (@ € F, ¢ real) which are>
f, while S, (SA(f)) is the convex hull of

compared to the alternative of sending pack-
ets at the maximum rate achievable by the
transmitter.

slow wave a wave whose phase velocity

f, in other words the upper envelope of is slower than the velocity of light. For ex-

all linear functionsl, + ¢ which are <
f. Seedilation, erosion Fourier transform
linear shift invariant systejrmorphological
operator
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ample, for suitably chosen helixes the wave
can be considered to travel on the wire at the
velocity of light, but the phase velocity is less
than the velocity of light by the factor that the



pitch is less than the circumference. Slow could be decreased by the use of structured
wave may also be present on structures likenorms.
coplanar waveguides.

. small scale integration (SSI) an early
slow-wave structure  a short microwave |evel of integration circuit fabrication that al-

transmission line in a traveling wave tube in |owed approximately between 1 and 12 gates
which the longitudinal phase velocity of trav- on one chip.

eling microwave is slowed down to almost
equal speed of electrons in the interactingsma”signa| amplifier  amplifier designed
electron beam of the tube. for amplifying very low level signals. Typi-

] o cally, small signal amplifiers have an AC sig-
slowly varying envelope approximation nal magnitude that is 1/10 the DC value and

neglect of the second time and/or spacegperate under class A amplifier biasing con-
derivatives in the wave equation governing gitions.

nearly monochromatic/nearly plane-wave

electromagnetic fields. small-signal stability See dynamic

. stability.
slowness surface a plot of the reciprocal

ofthe phase velocity as a function of direction

in an anisotropic crystal, smart antenna  a set of antennas used

in an intelligent way in one receiver to im-
prove the performance of a communication
link. Seealso beamformingspae division
multiple access

SMA connector  a subminiature coaxial
connector with both male and female ver-
sions capable of an upper frequency limita-
tion of about 26 GHz.

smartcard credit-card-sized device con-

small computer systems interface (SCSI) taining a microcomputer, used for security-
a high-speed parallel computer bus usedinténsive functions suchas debittransactions.

to interface peripheral devices such as disk
drives. smart material  one of a class of materi-
als and/or composite media having inherent
small disturbance a disturbance for intelligence together with self-adaptive ca-
which the equation for dynamic operation pabilities to external stimuli applied in pro-
can be linearized for analysis. portion to a sensed material response. Also
called intelligent material.
small disturbance stability  power sys-
tem stability under small disturbances, which smart pixel anelementinan array of light
can be studied by using linearized power sys-detectors that contains electronic signal pro-
tem models. cessing circuitry in addition to the light de-
tector; a spatial light modulator in which each
small gain theorem a sufficient condition  pixel is controlled by a local electronic cir-
for the robust stability of the closed-loop sys- cuit. Smart pixels are fabricated with VLSI
tem. It requires the open-loop operator of technology. Each light modulating pixel is
the system to have a norm less than one. Foconnected to its own tiny electronic circuit
linear systems, the small gain theorem guar-adjacent to the pixel. The circuit may consist
antees well possedness while in the nonlin-of detector, switching or logic circuit, mem-
ear case it should be assumed. The theorenory, and source or additional shutter. It is
may be highly conservative for structured un- an advanced, optically addressed spatial light
certainties. In some cases the conservatissmodulator and still immature.
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smart sensor  sensor with inherent intel- model with the deadtime term removed. The

ligence via built-in electronics. controller is designed to control model two,
thereby allowing faster closed loop responses
smart structural material material in  than would otherwise have been possible.

which the mechanical (elastic) properties can See alsanternal model control
be modified adaptively through the applica-
tion of external stimuli. SMM  Seesub-millimeter

SMB connector a Subminiature CoaXia| Smoothing (1) an estimation procedure in

connector with snap-on mating and typical which a past value of the state vector (see

upper frequency limit of 10 GHz. the definition) is estimated based on the data
available up to the present time.

(2) the removal from an image (signal) of
) o high-frequency components obtained, e.g.,
SMIB Seesingle machine infinite bus  ,rqugh a convolutional averaging or Gaus-
system sian filter, usually performed to remove ad-
ditive speckle noise.

(3) any process by which noise is sup-
pressed, following a comparison of potential
noise points with neighboring intensity val-
ues, as for mean filtering and median filter-
ing. Also, a process in which the signal is
smoothed, e.g., by a low-pass filter, to sup-
press complexity and save on storage require-
ments.

SMDA  SeeSafe Medical Devices Act

Smith chart  a graphical polar plot of the
voltage reflection coefficient superimposed
on a plot of two families of circles, with one
family representing the real part of a complex
impedance (admittance) and the other family
representing the imaginary part of the com-
plex impedance (admittance). A Smith chart
can be used for many tasks including visual-
izing transmission line equations as well as
matching loads to transmission lines, finding ]
lengths and placements of stub tuners (bothSMS ~ Seeservice management system
single and double stub tuners), finding the

voltage standing wave ratio on atransmissionSMT  Seesurface mount technology
line, and finding the reflection coefficient at

any point on the transmission line. snake Seeactive contour

Smith predictor a control scheme de- snell's Law  the law that gives the angles
signed to deal with processes that containof reflection and refraction of a plane elec-

significant dead-time in their responses. Its tromagnetic wave when the wave is incident
block diagram configuration is where model on a boundary between two media.

Consider a plane wave impinging on a sur-
face between two media with different dielec-
Process tric constants: part of the incident power will

- be transmitted to the other region, while part
H will be reflected. Let us denote the angle of

reflection byp7, the angle of transmission by

64, and the angle of incidence Y. We also
Block diagram configuration for the Smith predictor. denote the electric permittivity and the mag-
netic permeability by, u, respectively; the
one is an exact replica of the process un-subscripts 12 refer to the particular medium
der control, while model two is the same under consideration. The angle of reflection

Setpoint It
pol Contraller s

+
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is equal to the angle of incidence, i.e., which edge magnitude and direction can be
, calculated straightforwardly.
0] =01
sodium-cooled reactor a nuclear reactor
in which the heat is removed from the core by

JATELSing: = Jizez sindl means of circulating liquid metallic sodium.

and the Snell's Law states that

soft computing is an association of com-
SNIR  Seesignal-to-noise plusinterference puting methodologies centering on fuzzy
ratio. logic, artificial neural networks, and evolu-

tionary computing. Each of these method-
snoop  in hardware systems, a process of glogies provide us with complementary and
examining values as they are transmitted insynergistic reasoning and searching methods
order to possibly expedite some later activity. to solve complex, real-word problemSee

_ ) alsofuzzy logic neural network
shooping bus  a multiprocessor bus that

is continuously monitored by the cache con-

o soft contaminant  a contaminant that to
trollers to maintain cache coherence.

first order is not absorbed by X-rays, and
which therefore tends to remain undetected
in X-ray images: typical soft contaminants

are rubber, wood and many types of plas-
tic (though much depends on the particular
atomic composition of the material).

snow noise  noise composed of small,
white marks randomly scattered throughout
an image. Television pictures exhibit snow
noise when the reception is poor.

SNR  Seesignal-to-noise ratio o .
soft decision  demodulation that outputs

snubber  an auxiliary circuit or circuitel- an estimate of the received symbol value
ements used to control the rate of rise oralong with an indication of the reliability
fall of the current flowing into a power elec- ©f that value. It is usually implemented by
tronic device or the rate of fall of the voltage duantizing the received signal to more levels
across the device during turn-off. Snubbersthan there are symbol values.

are used to limit/v/dt anddi/dt and elim-

inate ringing in a switching circuit during soft facimile  for low-capacity channels,
switching transients. Both dissipative and images are transmitted and displayed in a
nondissipative snubbers are usesee also progressive (stage by stage) manner. Acrude

soft switching representation is first transmitted and then de-
tails are added at each stage. This is referred
shubber circuit ~ Seesnubber to as soft facimile. See alsoprogressive

transmission
Sobel operator acommon digital approx-
imation of the gradienV f, often used in  goftfault  Seetransient fault
edge detection. It is specified by the pair of

convolution masks soft hand-off ~ a hand-off scheme in a
~101 1-2-1 CDMA cellular system such as that speci-
¥~_202%~ 0 0 O. fied by the 1S-95 standard where signal trans-
o 101 ™ 1 2 1 mission occurs through multiple base sta-

tions during the hand-off process. The mul-
The respective mask responses, g,, are  tiple signal components received from the
components ofthe local vector gradient, from different base stations are combined using
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some type of diversity combiningSee also soft X-ray lithography See EUV
hand-off IS-95 lithography

softiron  aterm used to describe iron that softer hand-off  similar to the concept of

has a low coercivity. Note that soft refers to soft hand-off except that it involves transmis-

the magnetic properties of the material, not sion/reception through multiple antenna sec-

necessarily the physical properties. tors of the same cell as opposed to multiple
base stations. In contrast to soft hand-off,

soft magnetic material a magnetic ma- softer hand-off need not involve the mobile

terial that does not retain its magnetization telephone system switch in the hand-off pro-

when the magnetizing field is removed; a ma- cess.

terial with low coercivity and high permeabil-

ity. software design a phase of software de-
velopment life cycle that maps what the sys-

softreal-time  Seesoft real-time system  tem is supposed to do into how the system
will do it in a particular hardware/software

soft real-time system a real-time system configuration.

in which failure to meet deadlines results in

performance degradation but not necessarilysoftware development life cycle away to

failure. Compare withfirm real-timg hard  divide the work that takes place in the devel-

real-time opment of an application.

soft switching  the control of converter software engineering  systematic devel-

switching in order to utilize device and com- opment, operation, maintenance, and retire-

ponent parasitics and resonance conditions tanent of software.

enable zero current switching (ZCS) or zero

voltage switching (ZVS), thereby reducing software evolution the processthatadapts

switching losses, stress and EMI. Typically the software to changes in the environment

this is performed with additional resonant where it is used.

components and switches that are activated

only during the switching transients. software interrupt  a machine instruction
Soft switching also allows higher switch- that initiates an interrupt function. Software

ing frequencies in order to reduce the con-interrupts are often used for system calls, be-

verter size and weight, thus increasing the cause they can be executed from anywhere in

power density. memory and the processor provides the nec-
essary return address handling. Also known
softbake  Seeprebake as a supervisor call instruction (SVC) (IBM

mainframes) or INT instruction (Intel X86).
soft-decision decoding decoding of en-
coded information given an unquantized (or software reengineering the reverse anal-
finely quantized) estimate of the individually ysis of an old application to conform to a new
coded message symbols (for example, themethodology.
output directly from the channellCompare
with hard-decision decoding soil electrode an electrical connection to
the soil, often in the form of a metal stake
soft-starter  a motor starter that provides driven into the earth.
a ramp-up of voltage supplied to the motor
at starting with the objective of reducing the solar-thermal—electric conversion col-
starting current and torque. lection of solar energy in thermal form using
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flat-plate or concentrating collectors and its ics, and magnetics to implement the operat-
conversion to electrical form. ing logic.

solder duration  Seesolder profile solid state ultravioletlaser an ultraviolet
laser made from a solid state or semiconduc-
solder profile the time versus temper- tor material, e.g., Nd:LaF3, Ce:LaF.
ature profile required to properly solder a
connection without damaging the componentsolid state UV laser Seesolid state
to either side of the connection, and with- ultraviolet laser
out leaving any defects in the solder joint.
The solder profile will include preheating, solidly grounded an electrical distribu-
ramp-up, time at solder reflow temperature, tion system in which one of the normal
ramp-down, and any relevant limits in time current-carrying conductors, often the neu-
and temperature. The profile will be specific tral, is intentionally connected to ground with
to a given system (components, materials,no impedance other than that of the conduc-
plating, fluxes or gases, solder type, surfacetor comprising the connection.
preparation, etc.).
solidly grounded system a grounding

solder temperature  Seesolder profile scheme in which the neutral wire of a power
system is connected to ground at frequent in-
sole anonemitting cathode. tervals so as to minimize the impedance be-

tween neutral and ground.
solenoid a wound cylindrical and mag-
netic material assembly used typically for soliton an optical pulse that preserves its
producing linear motions. shape while propagating by balancing fiber
dispersion and nonlinearity.
solid laser laser in which the amplifying
medium is a solid. soliton transmission system oftentermed
the fifth generation of fiber optic communi-
solid state disk (SSD) very large- cation systemsSee als®oliton
capacity, but slow, semiconductor memory
that may be used as a logical disk, extendedsolution domain  electromagnetic fields
main memory, or as a logical cache be- can be represented as a function of time, or
tween main memory and conventional disk. a time-domaindescription, or as a function
SSD is typically constructed from DRAM of frequency using a (usually) Fourier trans-
and equipped with a battery to make it non- form, which produces a frequency-domain
volatile. First used in IBM 3090 and Cray- description.
XMP computer systems.
SOM  Seeself organizing map
solid state laser laser in which the ampli-
fying medium is a solid, sometimes consid- sonar acronym for “sound navigation and
ered to exclude semiconductor lasers. ranging” adopted in the 1940s, involves the
use of sound to explore the ocean and under-
solid state power amplifier (SSPA) a  water objects.
high-power, multistage amplifier using semi-
conductor devices. sonar equation  Seefigure of merit

solid state relay a protective relay that SONET Seesynchronous optical netwark
employs analog electronics, logic electron-
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sonorant  the class of phonemes with a nal. Transform source encoders work en-
formant-like spectrum. For example, vowels tirely within the frequency domain, while
and nasals exhibit a spectrum that is based oime-domain source encoders work primar-
formants. ily in the time domain. Source decoders
reverse the process, using various masking
SONT  Seeself-organizing neural tree techniques to simulate the properties of the
original linear data.
SOP  Seesum of products
source follower See common drain
sound carrier  in a TV signal, the FM  amplifier.
carrier that transmits the audio part of the
program. source operand in ALU operations, one
of the input values.
sound velocity profile (SVP) description
of the speed of sound in water as a functionsource routing method of routing packets
of water depth. in which the entire route through the network
is prepended to the packet. From any node in
source (1) refers to the signal genera- the route, the next entry in the source root de-
tor/device that generates the RF, microwave termines the node to which the packet should
or micromilliwatt frequencies. next be forwarded.

(2) the terminal of a FET from which elec-
trons flow (electrons in the FET channel flow source-coupled pair See differential
from the source, and current flow is always in pair.
the negative direction of electron movement,
since electrons are negative). It is usually space division multiple access (SDMA)
considered to be the metal contact at the surmultiple access technique where the users’
face of the die. channels are separated into spot-beams with

highly directional or adaptive antennas al-
source code (1) software code writtenina lowing reuse of time and frequency resources
form or language meant to be understood bybetween users. Used in conjunction with
programmers. Must be translated to objectFDMA/TDMA/CDMA.
code in order to run on a computer.

(2) a set of codewords used to representspace invariance a system which a shift
messages, such that redundancy is removedjranslation) in the spatial coordinates for all
in order to require less storage space or transinputs yields the same output except for an
mission time. identical shift. Thus, in two dimensions, for

an input/ (x, y), outputO(x, y) and system
source coding the process of mappingsig- S, if
nals onto a finite set of representative signal
vectors referred to as codewords. O(x — x0,y — yo) = S{I(x — x0,y — Y0)}

source compression Seesource coding for all (xo, yo) and allinputd (x, y), the sys-
temS is space invariant.

source encoder a device that substan-

tially reduces the data rate of linearly dig- spacercable another name for messenger

itized audio signals by taking advantage of cable.

the psychoacoustic properties of human hear-

ing, eliminating redundant and subjectively SPARC Seescaled processor architecture

irrelevant information from the output sig-

©2000 by CRC Press LLC



spark gap a pressurized high-current dimension is the number of cycles per unit
switch using a principle of electric field dis- distance in that dimension.
ruption to start the electron flow.

spatial hole burning  spatially localized
sparse equation when a set of linear si- reduction in the gain of a laser amplifier due
multaneous equations has very few nonze-to saturation by an intense signal; transverse
ros in any row, the system is said to be spatial hole burning due to the transverse
sparse. Normally for a system to be con- beam profile is distinguished from longitudi-
sidered sparse, less than 10% of the possibléal spatial hole-burning due to the standing
entries should be nonzero. For large inte-wave nature of the fields and possibly also
grated circuits, less than 1% of the possibleto high gain per pass; spatial relaxation (or
entries are nonzero. cross-relaxation) reduces spatial hole burn-

ing.
sparse matrix arectangular array of num-
bers, most of whose elements are zero or null spatial light modulator (SLM) a device

that alters both the spatial and temporal char-
sparse vector in computer instruction acter of a light beam. A three-port device
processing, a matrix in which most elements with input, readout, and control or modula-
have such small values that are treated as zetion ports. Modulation signals can be ap-
ros. Special representation schemes can belied either electrically, i.e., an electrically
used to save memory space, with a cost ofaddressed spatial light modulator, or opti-
increased execution time to access single el<cally, i.e., optically addressed spatial light
ements of the matrix. modulator. Also called a light valve.

spatial coherence Seecoherence spatial light modulator in optical comput-

ing  adevice for modulating amplitude or
spatial dispersion occurs in a medium phase of light passing through it. If the input
when its dielectric function depends on the signalis alight beam, itis called optically ad-
wave number. dressed spatial light modulator. If the input

signalis electronic, itis called electrically ad-
spatial domain  the representation of a dressed spatial light modulator. Light mod-
signal, usually an image, as a function of spa-ulation is usually based on the electro-optic
tial coordinatesSee alsdrequency domain  €ffect. In optical computing, an optically ad-

dressed spatial light modulator is a device
spatial filtering  atechnique used to either USed asamedium for controlling or switching
filter out interfering signals in a communica- llght using light. Since a light beam cannot
tion system, or as a multiple access techniquedirectly affect another light beam, a spatial
that enables two or more subscribers, con-ight modulator is required. The modulation
trolled by the same base station to use thePr0Cess can be seen, first, as the modulat-
same time, frequency and code resources o light affecting the spatial light modula-
the grounds of their physical location or spa- tor; then the affecte(_j spatial light modulator
tial separationSee alsdeamforming modulates another light beam.

spatial frequency  the variables of the 2- spatial locality  Seelocality.

D Fourier transform of a function of spatial

coordinates are referred to as horizontal andspatial power combining the power gen-
vertical spatial frequencies. The spatial fre- erated from many devices can be combined
guency of a 2-D sinusoidal signal in a given coherently into space. These techniques are
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used in order to alleviate circuitlosses at high on who is supposed to use the verification
microwave frequencies. system.

spatial redundancy the redundancy be- SPEC See System Performance and
tween samples of animage or random procesgvaluation Cooperative
that is a function of spatial coordinates. Im-

ages typically exhibita high degree of spatial SpEC penchmarks ~ suites of test pro-
red_undancy WhIC.h can _be exploited to obtain grams created by the System Performance
a high compression ratio. and Evaluation Cooperative.

spatial resolution (1) the ability to re-  gpecial-purpose digital signal processor
solve two closely spaced points or a periodic yigita signal processor with special feature

pattern. Rayleigh proposed the criterion tha_ltfor handling a specific signal processing ap-
two stars could be resolved when the maxi- plication, such as FFT.

mum in the image pattern from one star co-
incides with the first minimum in the other.

Units of spatial resolution are lines or line
pairs per millimeter.

specific absorption rate (SAR) the depo-
sition of energy over time into a body. The
N units are generally watts per kilogram of body
(2) a measure of the ability of a system mass. This is the attribute on which findings
to resolve spatial details in a signal. For a by various researchers can be compared and

discrete image, spatial resolution generally 5, which the exposure standards base their
refers to the number of pixels per unit length, guidelines.

giving possibly different horizontal and ver-
tical spatial resolutionsSee alsdrequency

. specific inductive capacity Seedielectric
resolution

constant

spawn  to create a new process within a

multitasking computing system. specification  a statement of the design or

development requirements to be satisfied by

. a system or product.
SPDT Seesingle-pole double-throw y P

speckle (1) grainy light pattern that results

speakeridentification  atask that consists :
) o : when coherentlight scatters from arough sur-
of identifying which speaker (of a closed set) face

pronounced a given portion of speech signal. '

The basic assumption is that no speaker dif-  (2) granular image noise due to fluctua-

ferent from the defined closed set is consid- fions in the number of photons arriving at an

ered. The emphasis is on the discriminationimage sensor. Speckle often occurs in night-
of the given speakers, whereas no strong reVision equipment and X-ray images. Also

jection constraints are commonly required. called quantum mottle.

speaker verification  a task that, unlike sPpeckle pattern  grainy appearance of the
speaker identification, the speaker set for thisintensity of scattered light due to random in-
pr0b|em is open. As a conseguence, one hagerference. The grain size is inverse of the
to verify the given speaker against any poten-illuminated area of the scattering medium in
tional impostor that is not known in advance. Wavelength units.

Basically, one cannot rely on the knowledge

of the probability distribution of the “nega- SPECT See single photon emission
tive examples,” since there is no restriction computed tomography
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spectral completeness characteristic of spectrometer optical instrument that dis-

a linear dynamical system whose eigenfunc-perses broadband light into its component
tions connected with eigenvalues form a basiswavelengths, allowing the measurement of
in the state space. Spectral completeness ddight intensity at each individual wavelength.
pends on the matrid1. System is spectrally Spectrometers may use prisms or gratings for

complete if and only if wavelength dispersion and any of a variety
of light detectors including photomultiplier
rankAi = n tubes or charge-coupled devices.

. _ spectroscopy  the measurement of the
spectral controllabillity  alinear dynam-  jntensities of wavelength dispersed light to

ical system characteristic where every Sub'identify a chemical component or measure
system connected with an eigenvalue is con-jits concentration.

trollable.

spectrum (1) a range of electromagnetic
spectral density function  the Fourier  energy ordered in accordance with their rel-
transform of the covariance for a wide-sense atjve periodicity.
stationary process. (2) the magnitude of the Fourier transform
of a (deterministic) signal. The word spec-
trum is also used to refer to the power spec-
trum of a random process.

spectral domain  the transform domain

obtained by taking a Fourier transform in or-
der to solve a boundary value problem. This
technique is particularly convenient for the

! ! Loy spectrum analyzer a test system that
analysis of microstrip circuits and antennas.

measures RF or microwave devices in terms

spectral hole burning  a technique used of signal frequency and signal power.

to render an abso_rbing materia_l transpar_entspectrum reuse  reusing frequencies over
at sele_ct frequencies by bleaching a portlonand over again in a confined area, resulting
qfthe (inhomogeneously broadened) absorp-in more efficient utilization and higher radio
tion spectrum. network capacity.
spectral linewidth  Sedine width. .
specular  Seespecular reflection
spectral quantum efficiency for a pho-
todetector, the ratio of the average number of
free electrons produced per monochormatic
input photon of wavelengtih. The rela-
tionship between spectral quantum efficiency
(Q.(1)), wavelength()) is

specular intensity  the energy reflected
from a rough surface in the specular direc-
tion. Sometimes called coherent component
of the scattered intensity.

specular reflection (1) the process by
SO = (124 (0. (V) /A vvhich a radio wave reflect_s frqm an elec-
trically “even” surface experiencing changes
whereS(1), (Q.(1)), andx are giveninunits ~ ©only in amplitude, phase, and polarization,
of milliamperes per watt, percentage, and comparable to light reflecting from a mirror.
nanometers, respectively. (2) the part of an electromagnetic wave
that is reflected in the direction specified by
spectral representation See spectral  Snell's law of reflection.
domain
specular scattering Seespecular reflectian
spectral width  Sedine width.
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specular transmittance  the effect on a tions of about 10 ms (frames), in practice the
signal passing through a diffusely transmit- speech signal turns out to be quasi-stationary.
ting surface such as that the signal scattered~or each frame, all relevant speech prepro-
in all directions. cessing approaches return a vector of param-

eters that make it possible to reconstruct the
speculative execution a CPU instruction signal. Speech preprocessing is mainly car-
execution technique in which instructions are ried out by using frequential approaches (e.g.,
executed without regard to data dependen-the short-time Fourier transform) or linear
cies. See alsdookahead prediction.

speech activity factor the fractionoftime  speech recognition the process of recog-
for which a speech signal is nonzero-valued, nizing speech portions carrying out linguis-
over a long period of time. Zero-valued tic information. The recognition can involve
speech time segments occur as a result ophonemes, single and connected words. Be-
pauses in the speech process. The speectause of the crucial role of time, most
activity factor is an important concept in the successful approaches to automatic speech
theory of statistical multiplexing of voice sig- recognition are currently based on HMM
nals in a telephone switch. It is also an im- (hidden Markov models) that incorporate
portant concept in the 1S-95 CDMA cellular very naturally the time dimension.
system.
speech recognizer system for performing
speech analysis process of extracting speech recognition.
time-varying parameters from the speech sig-
nal that represent a model for speech producspeech synthesis the process of turning
tion. information into synthesized speech. When
the synthesis involves restrictive linguistic
speech coding source coding of a speech domains (e.g., announcements in railway sta-
signal. That is, the process of representing ations), the process often consists simply of
speech signal in digital form using as low rate playing back speech recorded in EPROM
(interms of, e.g., bits per second) as possible memories using proper coding (e.g., AD-
PCM). However, if one makes no restrictions
speech compression the encoding of a on the information to synthesize, only artifi-
speech signal into a digital signal such thatcial speech production is possible, which is
the resulting bit rate is small and the orig- commonly based on systems that predict pho-
inal speech signal may be reproduced with netic units from linguistic information.
as little distortion as possible. The transfor-
mation of a coded speech signal into anotherspeech synthesizer system for perform-
coded speech signal of lower bit rate in suching speech synthesis.
away that there is insignificant loss in speech
quality of the decoded and play-back signal. speech understanding the process of un-
derstanding the meaning of a given portion
speech enhancement improvement of of speech containing one or more sentences.
perceptual aspects of speech signals. Unlike speech recognition, the problem is
not that of translating spoken to written units
speech preprocessing the first stepinall (e.g., words), but to extract the meaning.
problems of speech processing. In prepro-Models of speech understanding cannot sim-
cessing, the objective is to condition the sig- ply be based on the recognition of linguistic
nal so as to come up with more compressedunits, but must also take into account the do-
and informative representations. Within por- main semantics.
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speed droop alinear characteristic thatis performance measure for the parallel algo-
provided to governors of two or more units rithm and the multiprocessor.
operating in parallel for stable load division

in case of load increase. spent fuel irradiated fuel whose fissile
component has been reduced such that it is

speed of light (1) ascalar constantinvac- 4 longer useful as reactor fuel.
uum roughly equal to & 10° meters per sec-

ond.

(2) the phase velocity representing the rate
of advance of the phase front of a monochro-
matic light wave.

sphere gap a spark gap whose elec-

trodes are metal spheres. A sphere gap with
carefully-calibrated electrode spacing is used
as a measuring instrument for voltages in the

- . kilovolt to megavolt range.
speed range the minimum and maximum

speeds at which a motor must operate under
constant or variable torque load conditions. Spherical mirror a mirror in which the
A4:1 speed range for amotor with a top speedreflecting surface is spherical.
of 1800 rpm means that the motor must be
able to operate as low as 450 rpm and still spherical wave an electromagnetic wave
remain within regulation specifications. The in which each wavefront (surface of constant
controllable speed range of a motor is limited phase) forms a sphere and propagates in to-
by the ability to deliver required torque below ward or away from the center of the sphere. A
base speed without additional cooling. uniform spherical wave has the same ampli-
tude over an entire wavefront; a nonuniform
speed regulation the variation of the out-  spherical wave has varying amplitude.
put speed of an electromechanical device as
the load on th,Pf shaft IS increased from Zerospherical wrist awristwhere all ofits rev-
to some specified fraction of the full load or | ;te axes intersect at a single point. Such
rated load. Usually expressed asapercentagg | rist is typically thought of as mounted
9f thg no-load speed. A large speed regula-, 5 three-degree-of-mobility arm of a six-
tlo_n is most often cons!dered asa bad regu'degree-of-mobility manipulator. For manip-
lation from a control point of view. ulators with a spherical wrist it is possible
. to solve the inverse kinematics from the arm
speed sensor a device use_d to deFect the separately from the inverse kinematics for
§peed of the rotor of an electric chhlne. Op- the spherical wrist. This is equivalent to the
tical (strobe) and electromagnetic tachome-;, ose kinematics problem subdivided into
ters are commonly used. two subproblems, since the solution for the
position is decoupled from that for the orien-

speedservo aservowherethe speedisthe ..

controlled parametefSee alsserva

speed-power product  an overall perfor- SPICE @ computer simulation program

mance measurement that is used to compardeveloped by the University of California,

the various logic families and subfamilies. ~Berkeley, in 1975. Versions are available
from several companies. The program s par-

speedup factor  the ratio of execution time ticularly ad_vantageous for ele_zctronic_circuit
for a problem on a single processor using analysis, since DC, AC, transient, noise, and

the best sequential algorithm to the execu-Statistical analysis is possible.
tion time on a multiprocessor using a parallel
algorithm under consideration. Provides aspike  Seesurge
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spike suppressor any of several devices ciently high frequency (how high is deter-
e.g., metal-oxide varistors that clamp short- mined by the inductor value). In an MMIC,
duration power line overvoltages to an ac- a spiral inductor is realized by a rectangular
ceptable level. or circular spiral layout of a narrow strip of
metal. The value of the inductance increases
spillover  phenomenon that occurs when as the number of turns and total length of
radiation from a feed extends past the reflec-the spiral is increased. Large spiral induc-
tor edges and is not intercepted by the reflec-tors are very commonly used as “bias chokes”
tor. to isolate the DC input connection from the
RF circuit. Since a large valued inductor es-
spin echo an oscillating electromagnetic sentially looks like an open circuit to high
field emitted by a macroscopic orientation of frequency RF/microwave energy, negligible
atomic or nuclear spins, generated by revers-RF/microwave energy will leak through and
ing the dephasing process in an inhomoge-interact with the DC bias circuitry.
neously broadened material.

] ] ] _ splice a permanent connection between
spin coating  the process of coating athin yq fihers made by melting or fusing the two
layer of resist onto a substrate by pouring afihers together in an electric arc or gas flame.
liquid resist onto the substrate and then spin-, they may be held together in a variety of
ning the substrate to achieve a thin uniform achanical devices that align the two fiber
coat. cores. In fusion splicing, connections can be

. . . achieved with losses 0.1 dB.
spin lock  a mutual exclusion mechanism

where a process spins in an infinite loop wait-
ing for the value of a variable to indicate a
resource availability.

spline (1) a continuous function, interpo-
lating a set of data pointg;, that is com-
posed of segments, having and p;; as
extremes. The segments are linked together
in such a way that the continuity constraint is
satisfied.

spindle  Seedisk spindle

spiral computed tomography (CT) an
imaging modality that uses a rotating X-ray  (2) piecewise polynomial, with a smooth
source and detector revolving around a con-fit between the pieces.

tinuously moving gantry. As viewed from

the gantry, the X-ray source appears to travelgine wavelet  wavelet that is in the form
in a spiral. A continuous set of projection ¢, spline.

images is gathered around the spiral and is

interpolated to obtain traditional transverse

cross-section images. Also known as helicalSP!it and merge  procedure often used in
CT. image or signal segmentation. The proce-

dure involves splitting, iteratively applied if
needed, theinhomogeneous regions of an im-
age or sections of a discrete signal and fol-
lowed by merging similar regions or sections
is a split and merge.

spiral CT  Seespiral computed tomography

spiral inductor  an integrated circuit im-
plementation of acommon electrical element
that stores magnetic energy. Two extreme be-split transaction  a bus transaction (e.g.,
haviors of an inductor are that it will act as a memory read or write) in which arequest and
short circuit to low frequency or DC energy, the corresponding response are sent in two
and as an open circuit to energy at a suffi- different bus transactions.
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SPM laser  Seesynchronously pumped- than directly to the printer. This is done be-

modelocked laser cause disk devices can accept data at a much
higher rate than printers.

spontaneous decay process by which an

atom or molecule in the absence of outsidespot size  the 1/e amplitude radius of the

influence undergoes a transition from one en-electromagnetic field of a Gaussian beam,
ergy state to another lower state. squeezed light.

spontaneous emission radiationresulting  sppc  Seeself-pumped phase conjugator
when an atom or molecule in the absence of

outside influence undergoes a transition from
one energy state to another lower sta@en-

2 o SPR  Seestrictly positive real
trast withstimulated emissian

SPR function  Seestrictly positive real

spontaneous lifetime  coefficient repre- .
function

senting the time after which a population of
isolated atoms in an excited state may be ex-

pected to fall to one overof its initial value, spread-spectrum  a modulation proce-
transition lifetime. dure in which the spectrum of an information

bearing signal is spread by some techniques
such as multiplication by a pseudo-noise se-
quence. The result is a signal with much
wider bandwidth that has better protection

spontaneous light scattering  scattering
of light from thermally produced refractive
index variations, e.g., spontaneous Brillouin -
scattering and spontaneous Raman scatte/292in interference.

ing.

J spread-spectrum multiple-access a
spontaneous polarization  the internal multiple-access system in which each sender
electrical dipole moment of ferroelectric transmits their data using a frequency band-
crystal. width significantly greater than the informa-

tion bandwidth of the signal.
spontaneous pulsations periodic or cha-
otic pulsations in the output of a laser oscil- spreading code  a sequence used for
lator when there is no modulation of the laser spreading the spectrum of the information
excitation or cavity loss. signal in a spread-spectrum system, com-
monly done either by direct multiplication
spool (1) acronym for “simultaneous pe- of the faster-varying spreading signal with
ripheral operation on-line.” Area managed the data sequence (direct-sequence, DS), or
by a process (called a spooler) where databy hopping the carrier-frequency (frequency-
from slow 1/O operations are stored in or- hopping, FH). Also known as spreading se-
der to allow their temporal overlapping with quence.See alsshort codglong code
other operations.
(2) a cylindrical ceramic insulator, typi- spreadinggain ina spread-spectrum sys-
cally used for secondary conductors in dis- tem, the number of dimensions used for trans-

tribution work. mitting the signal divided by the number of
dimensions actually needed if spreading was
spooler  Seespool not used. This is approximately equal to the

ratio between the bandwidth after spreading
spooling  sending printer output to a sec- and the bandwidth before spreading. In a
ondary storage device, such as a disk, ratheBPSK system, it is equal to the number of
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chips per bit in a direct sequence system.square-wave awaveform of square shape
Also called processing gain. which is usually periodic with known peri-
odicity. Often used as a test signal.
spreading sequence Seespreading code
square-wave brushless DC motor a per-
manent magnet brushless DC motor with
concentrated stator phase windings. The
concentrated windings create a square wave
spur aconductor which branches off of a flux distribution across the air gap and a
main line. trapezoidal shaped back-EMF.

SPST Seesingle-pole single-throw

spur-free dynamic range of Bragg cell square-wave inverter a self-commutated
regime of Bragg cellf; + f> multifrequency inverter with a square-wave output. The
drive condition given by the ratio of the frequency is set by the switching frequency
diffracted light intensity at the true frequency while the amplitude may be controlled by ad-
spatial/spectral locationg or f> to the in-  justing the input DC voltage.
tensity of the intermodulation products at
2f1— foand 2f; — f1. squelch  to automatically reduce the gain
of the audio amplifier of a receiver in order
spurious  undesired, nonharmonically re- t0 suppress background noise when no input
|a_ted, nonrandom Signa|s or Spectra| Con_Signal is being received. The circuit perform-
tent generated internal to a nonlinear circuit. ing this function is called the squelch circuit,
Genera”y, Spurious Signa|s are created byin-and it acts as a controllable receiver input
ternal mixing of multiple input signals, by in- switch to allow reception of strong signals
ternally generated oscillations, and by com- and block the weak and noisy signals.
binations thereof.
squeeze-on a large crimped connector

spuriousinterrupt  unwanted, random in- Whlch requires a special press for installa-

terrupt.

squirrel-cage induction motor  an induc-
tion motor in which the secondary circuit (on
the rotor) consists of bars, short-circuited by
square detection aspecial case of rectan- end rings. This forms a squirrel cage con-

SQ Seescalar quantizatian

gle detection. ductor structure, which is disposed in slots in
the rotor core See alsa@age-rotor induction
square pixel  Seepixel. motor.

square-law detector  the square-law be- SRAM  Sesstaticrandom access memory

havior for detector diodes is the usual operat-
ing condition, but can only be obtained over a ] ]
restricted range of input powers. If the input SS7  Seesignaling system.7

power is too large, small-signal conditions

will not apply, and the output will become SSB  Seesingle sideband modulation
saturated and approach a linear, and then a

constant; versusp characteristic. At very SSD  Seesolid state disk

low signal levels, the input will be lost in the
noise floor of the device. SS

Seesmall scale integration
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SSPA  Seesolid state power amplifier stability of 2-D Fornasini—Marchesini mo-
del the second 2-D Fornasini—-Marchesini

stability (1) the condition of a dynamic Model
or closed-loop control system in which the
output or controlled variable always corre-
sponds, at least approximately, to the input
or command within a limited range. Inmost ;, j ¢ 7, (the set of nonnegative integers) is
devices, this is a measure of the inherent abil-called asymptotically stable if for zero inputs
ity of the circuit to avoid internally generated uij = 0i,j € Z; and bounded Xo| we

oscillations. have lim_,« || X;|| = O, wherex;; € R" is

In oscillators, stability denotes the ability the local state vecton;; € R™ is the input
of the circuit to maintain a stable internally Vector,
ge.nerated amplitude and frgquengy. The cir- X, = {x,'j it j=kiije Z+}
Ccuit components, bias, loading, drive and en-
vironmental conditions, and possible varia-
tions therein, must be accounted fBee also )
Linville stability factor andRollett stability ~ @nd [|x[l denotes the Euclidean norm of

Xi+1,j+1 = A1xiy1,j + A2xi j+1
+ Bauiy1,j + Boui j+1

[ Xill = sup [lx( —k, k)
keZ+

factor. The model is asymptotically stable if and
only if
(2) in electronic drives, the ability of a y
drive to operate a motor at constant speed det[ln — AlZI]' — A2Z2_1] #0

(under varying load), without hunting (alter-

nately speeding up and slowing down). Itis for ||z[1|| <1, ||Z£1|| <1.

related to both the characteristics of the load

being driven and electrical time constants in stability of 2-D Roesser model the 2-D
the drive regulator circuits. Roesser model

h A
- . . Xiiq i A1 A X B
stability circles circles plotted on the |:x’v+1’f} = [Al AZ] xﬂj] + [Bl] Uujj
Smith chart that graphical indicate the re- L7#J/+1 MRS Rl 2

gions of instability for an RF device. i, j € Z4 (the set of nonnegative integers)

h

stability criteria boundaries on regions yij=C |:ng + Duy;

of stable and unstable behavior in laser pa- Yij |

rameter space. is called asymptotically stable if for zero in-
putsu;; = 0,i, j € Z; and bounde&” :=

stability factors  two factors,K andB1,  Supcz, ||xgj|| and X" := supcz, llxjll

that specify the necessary and sufficient con-we have bounded supy, |lxi;| and

ditions for a linear circuit or device to be con- im; j oo llxijl] = 0, wherexih. € Rm

ditionally or unconditionally stable when the and x’ € R"2 are the horizontal and ver-

input and output ports are terminated in arbi- tical state vectorsy;; € R™ is the in-

trary impedances. For unconditional stabil- put vector, yij € RP is the output vector,

ity, factorsk must be greater than unity, and A;,A»,A3,A4,B1,B2,C, D are real matrices,

B1 must simultaneously be greater than 0. and || x| denotes the Euclidean norm of
The model is asymptotically stable if and

stability limit ~ the maximum power flow only if

possible through a point in a power system if

the system is to remain stabl8eetransient det[

stability, steady-state stability

-1 -1
Inl - Alzl _AZZ]_

—A3ty " In, — Aazy

1}750
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for such that the closed-loop system is asymp-
HZIlH <1, HZZ_lH <1 totically stable, i.e.,

det[ Iy = (A1+ BiFCy g
— (A3 + BoFCy) 25t

— (A2 + BiFCp) 2t ] L0
In, — (A4 + B2FC2) 25

stability study  the determination of con-
ditions which will cause a power system to
become unstable so that these conditions can
be avoided or corrected.

lzabil for ] < 2. |7 <12
stabilizability the property of a system
concerning the existence of a stabilizing state
feedback or output feedback control. For lin- giapilized beam current  the amount of
ear systems, itis characterized as the controlyeam current required to stabilize the target
lability (see the definition) of all the unstable \yhen 3 given amount of light is incident on
modes. the target. The beam current is normally set

N . at two times picture white.
stabilization of linear 2-D systems the

2-D Roesser model stable  a system characteristic in which

o A A o B the transients all decay to zero in finite time
|: iv+l,ji| = [Al AZ} [ lg} + [Bl} u;j  is said to be stable. If any transient term
Yi,j+1 344l Xj 2 grows with time, then the system is unsta-

i, j € Z4 (the set of nonnegative integers) _ble. If tr_]e transient persists,.then the system
is marginally stable. (An oscillator is a com-

xh mon example of marginal stability.)
yij =[C1 €] |:xl;{:| + Duij Much of control engineering theory deals
Y with the problem of classifying closed-loop
is called stabilizable by state feedback systems into those that are stable and those
that are unstable, with marginally stable sys-
uij = [K1 K2 [xfz, } tems defining the boundary between the two.
L

stable equilibrium  an equilibrium point
(see the definition) such that all solutions that
start “sufficiently close,” stay “close” in time.

If the point is not stable, it is called unstable.

if there existsk; € R"™*"t andK, € R™*"2
such that the closed-loop system is asymp-
totically stable, i.e.,

-1
det[lnl — (A1 + BlKl)_Z stable state (1) the equilibrium state of
—(As+ B2K1) z, a dynamic system described by a first-order
— (A>+ B1Ko) 2L vector differential equation is said to be stable
(A2 + B1K2) 2y _1:| #* ifgivene > Othere exists& = §(¢, 1p), such
Inz — (A4 + B2K>) ) that

-1 -1
for Hzl H =1L HZZ H =1 I x (t0) —xe < 8 = x()—xe <€ V=19
wherex!, € R" andx}, € R"2 are the hori-
zontal and vertical state vectors, respectively, (2) in storage elements, being in a condi-
uij € R™ is the input vector ang;; € R”  tion thatis highly unlikely to undergo a spon-
is the output vectord1, Ao, As, Aa, B1, B2, taneous transition to another state.
C1, C2, D are real matrices. Similarly, the
model is called stabilizable by output feed- stable system a system is stable if the
backu;; = Fy;; if there existsF € R"*? output of the system is bounded for all
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bounded inputs. See alsobounded-input ers and followers. Thus, the definition of
bounded-output stability the Stackelberg equilibrium is uniquely and
clearly set only for two-person decision prob-
stack a hardware or software data struc- lems, but it could be adopted for any given
ture in which items are stored in a last-in- hierarchical structure. 11, J> denote cost
first-out manner, similar to a cafeteria plate functions of leader and the follower, respec-
dispenser. tively, andds, d» their admissible strategies,
then the seR(dy) defined asi{d (admissible
stack algorithm a sequential decoding for the follower): J2(d1, d) < J2(d1, dp) for
algorithm for the decoding of convolutional each admissiblé,} is called the optimal re-
codes, proposed by Zigangirov in 1966. sponse or rational reaction set of the follower.
Then a strategy; is a Stackelberg strategy
stack architecture See zero-address for the leader if
computer Ji= max Ji(di,d>)
d2eR(d})
stackmachine Seeero-addresscomputer < max Ji(dy,do)
d2eR(d1)

) o for all admissibled;. J; is the Stackelberg

ory location. The address varies as informa-jn equilibrium with d¥. The pair(d;, df)

tion is stored on or retrieved from the stack; jg g Stackelberg solution and corresponding
it always points to the top of the stack. values of the cost functions give the Stackel-
berg equilibrium outcome. The Stackelberg
stack program concept aclassof CPUOr  gytcome of the leader may be lower than his
data structure in which items are stored in agtackelberg cost. If the rational reaction set
last-in-first-out manner, similar to a cafeteria of the follower is a singleton, then they are
plate dispenser. equal and they are not worse than the out-
come that could be achieved by the leader in

stacked microstripantenna  amicrostrip  the Nash equilibrium if it exists.See also
patch configuration where two or more Ngash equilibrium

patches are stacked on top of each other sep-

arated by one or more dielectric layers. Typ- Stackelberg game See Stackelberg

ically, the lower patch is fed directly and the equilibrium

upper patch is electromagnetically coupled

to the lower patch. This arrangement resultsstacking factor  a design factor for the

in improved bandwidth compared to that of core of an electromagnetic device that ac-

a single layer microstrip patch antenna. counts for the effects of the insulating ma-
terial on the surface of laminations. The

Stackelberg equilibrium  a hierarchical  stacking factor gives the percentage of cross-

equilibrium solution in non-zero-sum games sectional area of the core that is actually fer-

in which one of the players has the ability to romagnetic material. Usually expressed as

force his strategy on the other players. Thethe ratio of the thickness of the laminations

player who holds the powerful position is without the coating to the thickness with the

called the leader, while the other players who coating.

react to the leader’s strategy are called the

followers. In the case of multiperson games, stall  a pause in processing instructions in

there exists a variety of possible multilevel a pipeline, usually caused by a data depen-

decision making structures with many lead- dency or resource conflict. Instructions in
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the pipeline before the condition causing the
stall are prevented from proceeding through
the pipeline.

standard additive model (SAM)  afuzzy
system that stores IF-THEN rules that ap-
proximate a functionF : X — Y. Ina
simple SAM, the rules may have the form
“IF x = A; THEN y = B;,” wherex € X,

y € Y,andA;, B; are fuzzy sets. The SAM
then computes the outpiit(x) given the in-
put x using a centroidal defuzzifier. An ex-
ample of a centroidal defuzzifier is

_ 2 aj)e;
Yaj(x)

wherea; is a membership function of the
fuzzy setA; andc; is the centroid of the
fuzzy setB;. The term SAM was coined by
B. Kosko. See alsduzzy system

F(x)

standard array decoding  during decod-
ing of a forward error correction code, the
process of associating an error pattern with
each syndrome by way of a look-up table.

standardcell anelementofastandard cell
library designed using rules from the targeted
wafer fabricator. Standard cells are usually
designed to be of constant height and vari-
able width with interconnection points lo-

standing wave pattern  a pattern of the
envelope of the wave resulting from interfer-
ence of two same-frequency waves travelling
in opposite directions.

standing wave ratio (SWR) the ratio of
the magnitudes of the incident to reflected
signal levels for a traveling wave. The SWR
has a value between one and infinity inclu-
sive.

standing-wave laser a class of lasers (of-
ten having only two mirrors) in which the
right and left waves are largely overlapping.

standing-wave resonator  superposition
of equal amplitude right and left travelling
waves. One of a class of laser resonators
(often having only two mirrors) in which the
right and left waves are largely overlapping.
Also called a Fabry—Perot resonator.

standstill frequency response test a test

in which the rotor of a machine is held fixed,
and the appropriate windings are energized
over a frequency range large enough to de-
termine machine parameters.

star connection  SeeY connection

star network  a network topology where

a central node broadcasts radially to all sub-
scribers. The central node is a vulnerable el-

cated along the bottom and possibly the t0pgyant on which the whole network depends.

of the cell. This is done to facilitate use of an
auto-place-and-route program.

standingwave (1) the phenomenonwhere
waves propagating in opposite directions in-
terfere and result in diminished, or elimi-
nated, energy transfer.

(2) class of laser resonators (often having
only two mirrors) in which the right and left
waves are largely overlapping.

standing wave effect caused by standing
waves of light intensity in the resist, this is
horizontal, periodic ridges formed along the
sides of a resist profile.
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star—star transformer
transformer

See wye-wye

Stark broadening  inhomogeneous spec-

tral broadening of a transition in a laser
medium due to Stark shifts that vary among
the laser atoms or molecules in the medium.

startbit  the first bit (low) transmitted inan
asynchronous serial transmission to indicate
the beginning of the transmission.

starting torque  the torque at zero speed
obtained at the very beginning of the starting



process of an electrical machine. The condi-state space model a set of differential and
tion to obtain the rotation of the rotor is that algebraic equations defining the dynamic be-
the starting torque has to be greater than thehavior of systems. Its generic form for linear

load torque at zero speed. continuous-time systems is given by
_starvgt_ion a_condition when a process i_s ix(t) = Ax(r) + Bu(r)
indefinitely denied access to a resource while dt

other processes are granted such access. y(t) = Cx(t) + Du(r)

h whereu(r) is the system input signai) is

its internal or state space variable, ar{d) is

its output. MatricesA, B, C, D of real con-
stants define the model. The internal variable
is often a vector of internal variables, while
in the general multivariable case all the input
and output signals are also vectors of signals.

state diagram (1) a form of diagram Although not identically equivalent, the state

showing the conditions (states) that can existSPace model can be related to the transfer
in a logic system and what signals are re- function (or transfer function matrix) model
quired to go from one state to another state. by 1
(2) a simple diagram representing the G)=ClsI—AI""B+D
input-output relationship and all possible assuming that the initial conditions on all in-
states of a convolutional encoder togetherternal variables are zero. The Laplace vari-
with the possible transitions from one state ableis denoted by Similar equations, based
to another. Distance properties and error rateon difference and algebraic equations, de-
performance can be derived from the statefine state space model for linear discrete-time

state  a set of data, the values of whic
at any timer, together with the input to the
system at the time, determine uniquely the
value of any network variable at the time

state automaton Sedinite state machine

diagram. (digital) dynamic systems.
state equations equations formed by the Xi41 = Ax; + Buy
state equation and the output equation. v = Cx; + Du,

state feedback the scheme whereby the See alsdransfer function

control signal is generated by feeding back

the state variables through the control gains.state space variable the internal variable
(or state) in a state space model description of

state machine  a software or hardware a dynamic process. These internal variables

structure that can be in one of a finite col- effectively define the status or energy locked

lection of states. Used to control a processup in the system at any given instant in time

by stepping from state to state as a functionand hence influence its behavior for future

of its inputs. See alsdinite state machine time.

state plane  Seephase plane state transition diagram  a component
of the essential model; it describes event-

state space conditional codec an ap- response behaviors.

proach where the number of codes is much

less than with conditional coding. The pre- statevariable one of a setofvariables that

vious N — 1 pixels are used to determine the completely determine the system’s status in

states;. Then thejth variable word-length the following sense: if all the state variables

is used to code the value. are known at some timg, then the values
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of the state variables at any time> rg can  static prediction a method of branch pre-
be determined uniquely provided the systemdiction that relies of the compiler selecting
input is known for. The vector whose com- one of the two alternative instructions for af-
ponents are state variables is called the stateéer the branch instruction (either the next in-
vector. The state space is the vector spacestruction or that at the target location speci-
whose elements are state vectors. fied in the branch instruction). A bit is pro-
vided in the branch instruction, which is set
to a O for one alternative and 1 for the other
alternative. The processor then follows this
advice when it executes the branch instruc-
tion.

state vector
variables.

a vector formed by the state

state-space averaging a method of ob-

taining a state-model representation of a cir-

cuit containing switching elements by aver- static random access memory (SRAM)

aging the state models of all the switched random access memory that, unlike dynamic

topologies. RAM, retains its data without the need to be
constantly refreshed.

state-space averaging model a small-

signal dynamic modeling method for PWM
switching circuits. The circuit is viewed as
two linear subcircuits, one with the switch

static system a system whose output does
not depend upon past or future input is a
static,or memorylessystem. For example,

on and one with the switch off. A duty-ratio consider a voltage;, (r) applied to an ampli-
weighted average of the state-space equafier with gainK that yields the output
tions for the two subcircuits is then linearized
and used to obtain the small-signal transfer
function for the switching circuit.

Vout(?) = K () .

The output voltage at a particular instant in
static excitation system anexcitationsys- time depends only onthe input applied at that
tem derived from solid state devices such assame instant, thus the amplifier is a static sys-
thyristors that convert the AC terminal volt- tem. If a system is not static, then it is a
age to DC before application to the rotor.  systemwith memorypr adynamicsystem.

static induction thyristor (SITH)  aself-  static var compensator a device for fast
controlled power device with high switch- reactive compensation, either inductive or
ing frequency. The structure is similar to capacitive, brought about by thyristor-based
the static induction transistor (SIT) (hence, control of an effective shunt susceptance. It
not really a thyristor), but has an additional is typically used to regulate voltage at a bus
p-layer added to the anode side. It is aon the high voltage transmission system.
normally-on device with the n-region satu-

rated with a minority carrier. The device does static VAR regulator
not have reverse blocking capability.

also called a static
VAR compensator. A nonrotating electrical
device designed to adjust the reactive power
static induction transistor (SIT) ahigh-  flow of an AC power system. It typically
power, high-frequency device that is essen-consists of a reactive load (either inductive
tially a solid-state version of the triode vac- or capacitive) and a series electronic switch
uum tube. It is a normally-on device, and a (thyristor) that controls the reactive power.
negative gate voltage holds it off. The cur-

rent ratings of the SIT can be up to 300 A, static-column DRAM  DRAM that is or-
1200 V, and the switching frequency can be ganized in the same manner as a page-mode
as high as 100 kHz. DRAM butinwhichitis not necessary to tog-
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gle the column access strobe on every chang@laced. A linear transformation is derived in

in column address. which the physical variables of the system
(voltage, current, flux) are referred to vari-

station battery  a battery used to provide ables of the fictitious windings.

operating energy for the protective relay op-

erations and to initiate circuit breaker opera- statistical quality control methods of

tions in a generating station. The battery is quality improvement based on statistical

necessary, as the equipment must work reli-techniques. The mainidea s to use statistical

ably during severe voltage sags and outagesnethods for identification of unusual varia-

on the AC system. tions of the controlled process and to pin-
_ _ o point the causes of such variations. By col-
station control error  in economic dis- |ecting data at every stage of the production

patch studies, the difference between the deprocess and statistical analysis of those data
sired generation of all plants in a control area ( Seecontrol char}, the process is main-
and the actual generation of those plants.  tained in a state of statistical control. The
main difference between the statistical qual-
station insulator  refers to a large-sized ity control and quality inspection is that the
insulator used in substations. latter enables only quality control while the

. o . ) former leads to quality improvement. Thisin
stationarity interval  the interval of either 1 ,rn results in increased productivity.

time (temporal stationarity interval) or space

(spatial stationarity interval) over which the gtatistical multiplexing ~ multiplexing of
conditions required for a WSSUS approxi- 5 nymber of variable bit rate (VBR) sources.
mation is valid. That is, the stationarity in- - A result of statistical multiplexing is that for
terval is the period of time or spatial sepa- 5 syfficiently large number of VBR sources,
ration over which the scattering function of ¢ aggregate bit rate is less than the sum of

the channel, and consequently also the delayhe peak bit rates of the individual sources.
and Doppler power spectra, stays fixed. This

requires that the significant scatterers shouldstatistical pattern recognition ~ methods
remain the same. for carrying out the recognition of patterns on

) ] ) the basis of statistical analysis. These meth-
stationary ~ a dynamic system described ,qs gre typically based on the learning of un-

by a first-order vector differential equation ,qn pattern probability distributions from
that does not depend explicitly on time. In examples.

other words, such a system is governed by an

equation of the form statistical sensitivity ~ a statistic derived
. from statistical interpretation of the variation
O = f @, u) of the circuit function, F(s, x) around the
average value.

stationary process a stochastic process  Let F(s, x) be a circuit function that de-
x(1), for which the joint probability distri- Pends on a random parameter Then the
bution of x(r1) and x(t2) depends only on statistical sensitivity can be approximated as
lt1 — t2]. BF (s, %)

. : F(s.x) ~ F (s.x) + (x —x) ———
stationary reference frame atwo-dimen- ox =y
sional space that is fixed (nonrotational). In The valuesx, F(s,x), and dF(s, x)/a;
electric machines/power system analysis, ancalculated atr = x are considered con-
orthogonal coordinate axis is established instants (the last one is usually denoted as
this space upon which fictitious windings are dF (s, x)/dx). If instead ofx and F (s, x)
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are used, their relative deviations from the cess in a required operating point. Steady-
average values, namefy = (x —x)/x and  state control structure may be composed of

dF(s) = (F — F)/F, one obtains that several control layers, including direct reg-
s OF (5.x) Fis.5) ulatory layer, optimization layer and, even-

SF(s) ~ — 8x = Sx 8x tually, other layers; steady-state control is
F(s.x) ox widely used in chemical and power indus-

Hence, in the first-order approximation the tries.

random variableg F (s) andéx are propor-
tional. Then this equation is interpreted sta-
tistically. For example, on théw axis the
averages o8 F'(jw) anddx are related by

steady-state gain the gain that a system
applies to DC (constant) input signals.

steady-state error the difference between
_ QF(jo.x) the desired reference signal and the actual
HSF ™ Ok Hsx signal in steady state, i.e., when time ap-

. . - roaches infinity.
The relationships for other statistical param- P y

eters can be obtained as well. steady-state response in network analy-

sis, a condition that the response reaches a

statistical spehcttral compression 3.C°fT"t constant value with respect to the indepen-
mon approach to Compressionusedin pictureyq 4 iaple. In control system studies, it is
coding. In this approach, the statistical re-

dund fthe i : loited and th more usual to define steady state as the fixed
undancy of the Image 1S explorted and the response at infinity with respect to the fixed
compression is also obtained by coding the

. ~input under the stable circumstances.
spectral components of the transformed im-

age. steady-state stability —a power system

is steady-state stable if it reaches another

stator the portion OT amotor that includes steady-state operating point after a small dis-
and supports the stationary active parts. Theturbance Seedynamic stability
stator includes the stationary portions of the |

magnetic circuit and the associated windings

steepest descent algorithm Seegradient
and leads.

descent

status callback arequest made by acon- gieering vector  in an antenna array, the

sur.ner.forlthe utility to give them a phone cal! complex weights associated with each an-
wh|c_h indicates the change of stqtus of their tanna element to form a specific radiation
service request. An example of this would be pattern are called the steering vector, since

calling the consumer once a crew has arrived, g \eights steer the radiation pattern in a
on the scene of an outage or has located th%pecified direction.

root cause of an outage.

Steinmetz constant a constant that re-

status register  a register in a Processor |ates the area of the hysteresis loop of a mag-
that holds the status of flags; individual bits tic material to the maximum flux density
in the register represent flag status. in the material.

steady-state control operation and mech- A = Ky Bl oy

anisms of the control system in which the

main objective is to keep the controlled pro- where A, is the area of the hysteresis loop,
cess in the condition where the state vari- K, is a constant of the materiabnax is the
ables relevant to the controlled process per-maximum flux density, andis the Steinmetz
formance are constant—i.e., to keep the pro-constant.
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step and repeat camera Seestepper stepped leader in lightning, a discharge
following the preliminary breakdown that
step edge anidealized edge across which propagates from a cloud toward the ground in
the luminance profile takes the form of a a series of intermittent luminous steps with
step function, i.e., a line separating two re- an average speed of 1@ 1* m/s. Neg-
gions having different average gray-levels. atively charged leaders clearly step, while
Seeedge positively charged leaders are more pulsat-
ing than stepped.
step index fiber  a type of optical fiber
where there is an abrupt transition from the stepper a type of projection printing tool
core to cladding region, each region having that exposes a small portion of a wafer at
a different refractive index; optical fiber in one time, and then steps the wafer to a new
which the a homogeneous core region haslocation to repeat the exposure. Also called
a higher index of refraction than a homoge- a step-and-repeat camera.
neous cladding region, in contrast to a graded
index fiber. This configuration is more typ- stepping correlation a principle of opera-
ical of single mode fibers, than multimode tion of a correlation receiver in channel mea-
fibers, which suffer from modal dispersion surement, where pseudo-random sequences
effects. are utilized. The transmitted signal consists
of a carrier modulated (typically employing
step index optical fiber Seestep index phase-shift keying) by a pseudo-random se-
fiber. quence. The received signal is correlated
(multiplied) by an exact replica of the trans-
step response the output of a linear time- mitted signal by stepping the chip position
invariant system when the inputs are varied of the reference signal with respect to the re-
as a step signal. ceived signal through all or part of the chip
positions. The output of a stepping correlator
stepsize whensolving forthe transientbe- is atime-scaled version of the autocorrelation
havior of an electrical circuit, the associated function of the pseudo-random sequence, or
differential equations are solved at specific a part of it. The time-scaling factor depends
points in time. The difference between two on the rate with which all the chip positions
adjacent solution time points is known as the of interest can be stepped. The rate of pro-
step size. ducing autocorrelation functions can be made
much higher than in sliding correlatiosee
step-and-scan a type of projection print-  alsosliding correlation
ing tool combining both the scanning motion
of a scanner and the stepping motion of astereo imaging Seebinocular imaging
stepper.
stereo vision a vision model in which im-
step voltage in power system safety stud- aged objects are projected onto two image
ies, the voltage measured across two pointglanes, to extract depth information from the
on the ground which are separated by a dis-scene.See alsdinocular vision
tance equal to an average person’s step while
walking over the area in question. stereospecific  directional covalent bond-
ing between two atoms.
step-down converter  Seebuck converter
sticky bit  the least significant guard digit
in floating-point representations. It is an in-
step-up converter Seeboost converter dicator bit obtained through a logical “OR”
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operation of the discarded bits, indicating mitted through the joint itself. It is called the
whether at least one of the discarded bits wagoint stiffness.See alsatiffness matrix
equal to 1.
still image stationary image or single
stiction  in variable-speed drives, the ini- frame as opposed to moving image or video.
tial static friction that must be overcome Includes photographic images, natural im-
when the load is at rest. ages, medical images, remote sensing im-
ages. Usually implies multilevel (grayscale

stiff system  when an electrical circuithas ©F color) rather than bilevel.

widely separated time constants, the circuit ) ] )

is said to be stiff. The system of equations Still image coding ~ compression of a still
associated with the circuit is known as a stiff image. A coder consists of the four steps:
system, and special numerical methods musflata representation (typically by transform,

be used to maintain stability and accuracy decomposition into subbands or prediction),
when simulating a stiff system. guantization (in which data is approximated

or discarded according to some measure of
its importance), clustering of nulls (in which

stiffness as applied to a tie-line be- blocks of | ded
tween generators, a low-impedance connec!U"Ns OF DIOCKS Of ZE€ro values are coded com-

tion which forces the two generators to runin pactly), entropy coding (in which the statis-

synchronization regardless of load variationslt'c"’llI properties of fche data are exploited in
on one or the other. ossless compression).

stimulated emission enhanced emission
of electromagnetic radiation due to the pres-
ence of radiation at the same frequency; also
called induced emission.

stiffness control  in stiffness control agen-
eralized joint force and/or torque is generated
in response to small position error as to a con-
stant task space stiffness matrix6ee also

stiffness matrix stimulated light scattering  scattering of

) i . . light from refractive index variations that
stiffnessmatrix  the stiffness matrixofthe .o produced or amplified by the interac-
arm endpointis the inverse of the compliance o, of |aser light with the material system,
matrix. See alscompliance matrix e.g., stimulated Brillouin scattering and stim-

) ) ulated Raman scattering.
stiffness of a manipulator arm  an at-

tribute of a robot arm. stirrup  Seesaddle

Assume that a force is applied to the end-
effector of a manipulator arm. The end- stochastic ARMA (ARMAX) model a
effector will deflect by an amount that de- generalized ARMA model in which the un-
pends on the stiffness of the arm and the forcecertain environmental effects are included as
applied. In other words, the stiffness of the an independent noise input.
arm’s end-effector determines the strength of
the manipulator arm. Usually, actuator it- stochastic independence independence
self has a limited stiffness determined by its of two random variables or two random pro-
feedback control system, which generates thecesses.
drive torque based on the discrepancy be-
tween the reference position and the actualstochastic neuron  an artificial neuron
measured position. We model the stiffness bywhose activation determines the probability
a spring contact that relates the small defor-with which its output will enter one of its
mation atthe joint to the force or torque trans- two possible states. The most commonly
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used expression for the probability that the trary surfaceS bounded by a contout, as-

neuron outputy takes on the value-1 is
Priy =41} =1/(1+ e 2"VT) where net

sumed to be resolvable into a finite number
of regular arcs. Stokes theorem states that

represents the activation of the neuron d@nd
is a quantity analogous to temperature that
controls the uncertainty in the neuron output.
WhenT is infinite, a positive activation leads
to an output of+1 with probability 05, and
whenT is zero, a positive activation leads to
an output oft+1 with probability 10.

%A(r)dﬁ:/[VxA(r)]-ndS
c s

whered? is an element of length alor@and

nis aunitvector normal to the positive side of
the element aredS. This relationship may
also be considered as an equation defining

; ; the curl.
stochastic process a collection of vector

random variables defined on acommon pmb'stopband the band of frequencies in a fil-

ability ds_pacet an;j |r;]de>;_ed by either thtehmte- Ler or application at which substantial atten-
gers (discrete stochastic process) or the rea ation or suppression is required relative to

numbers (continuous stochastic process). A passband. Stop band filtering is utilized

. . a
SftOChaSt'C process= x(1) is a vector func- to eliminate known high-level signals, which
tion of both timer and the sample path.

will disrupt system operatioCompare with

. . . passband
stochastic sampling a type of sampling

that varies the time intervals between Sam'stopband edge the frequency atwhich the

plels. SIOChaSt'IC samplllng allows for a sig- 4tenyation of a signal diminishes; typically
nal to be sampled at a lower apparent saMq frequency at which the signal is attenu-

pling frequency achieving equal results to a o4 ot 3 dB from the maximum response.
signal sampled at a much higher sampling

frequency. The apparent benefits of stochas-stop bit  the last bit (high) transmitted in
tic sampling are counterbalanced by the factany asynchronous serial transmission to indi-
that the sampling interval, since it is chang- cate the end of a character. In some serial

ing, must be recorded in addition to the signal {3 nsmissions, one and a half to two bits are
samples, to reconstruct the signal correctly. |,5eq as stop bits.

stochastic signal processing the branch  storage temperature  the maximum non-
of signal processing that models and manip-gperating long-term temperature that a de-
ulates signals as stochastic processes rathejfice or assembly will be exposed to or stored

than as deterministic or unknown functions. at without experiencing permanent degrada-
See alsosignal processingSee alssandom  tjon or damage.

process
store
storage.

(2) the place where data and instructions
are stored.

(1) the act of placing a value into
Stokes Law of light scattering the state-

ment that the scattering of light is typically
accompanied by a shift to lower (not higher)
frequencies.

store instruction  a machine instruction
that copies the contents of a register into
a memory location. Compare withload
instruction

Stokes scattering SeeStokes Law of light
scatteringandRaman scattering

Stokes theorem let A(r) be any vec-

tor function of position, continuous together stored program computer  a computer
with its first derivative throughout an arbi- system controlled by machine instructions
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stored in a memory; the instructions are ex- streak camera  a camera that performs
ecuted one after the other unless otherwiseone-dimensional imaging while also measur-
directed. ing the temporal evolution of the image.

STP  Seesignal transfer point stream  the sequence of data or instruc-

tions that flows into the CPU during program

straight edge detection the location of execution.

straight edges in an image by computer. Of-
ten accomplished with the Hough transform.

stream cipher anencryption system or ci-
strain  semiconductors, strained either by Pher in which the information symbols com-
external forces or due to lattice mismatched Prising the plaintext are transformed into ci-
epitaxial growth, have modified band struc- Phertextindividually. Animportant property

tureS, especia”y the band gap and eﬁectiveof a Sstream Cipher is that like-valued plain-
masses. text symbols are not necessarily transformed

into the same ciphertext. A stream cipher
straininsulator  aninsulator which forms hormally acts in an additive sense and in the
aninsulated tensile link between two conduc- ¢ase of bits being encrypted, the information
tors in overhead line work. bits Xn are added modulo-2 to the b|@n,

generated by the so-called running-key gen-

strained layer superlattices epitaxially ~ erator. The ciphertext, is therefore given
grown lattice mismatched alternating lay- bY Y» = X» © Zy,n = 1,2,..., N, where
ers, usually designed to optimize a desirablethe plaintext consists d¥ bits and® denotes

property such as band gap, effective maSS,mOdUIO'Z addition. Genera”y, the running
guantum confinement, etc. key bits and the encryption key bits are notthe

same. The encryption key merely specifies
strained-layer laser diode ~ surface emit-  the mechanism used to generate the running-
ting laser diode. key bits. Such a mechanism could be a num-

ber of linear feedback shift registers whose
stranded cost  a facility like a nuclear Outputs are combined to form the running-
power plant which cannot be charged to key bits. See alsdlock cipher encryption
ratepayers after electric utility de-regulation

takes place. stream line  Seedirection line

strap  a conducting ring that ties tips of
poles of magnetron or magnetron-like de-
vices in a specified fashion for microwave
potential and phase equalization.

streamer a precursor of the high-voltage

electrical breakdown of a gas which con-
sists of a linked series of local electron
avalanches forming a finger-like structure ex-
tending from one electrode toward another.
d Before a lightning strike, streamers extend
from points on the earth up towards the thun-
dercloud.

strap fed device  strapped magnetron-
like device that operates by microwaves fe
through the strapping such as amplitron am-
plifies and platinotron oscillators.

stray light analysis a computation to de- strength duration curve  acurve express-
termine the intensity of unwanted light at var- ing the functional relationship between the
ious locations in an optical system, combin- threshold of excitation of a nerve fiber and
ing factors such as diffraction, surface scatter,the duration of a unidirectional square-wave
spurious reflections, and optical design. electrical stimulus.

©2000 by CRC Press LLC



strict consistency  the situation when a 2. The function has no poles or zeros on
processor reads a shared variable and obtainthe imaginary axis.
the value produced by the most recent write 3. The real part of5 is nonnegative along
to the shared variable irrespective of the pro-the;w axis.
cessor that did the write operation.

strictly positive real function  Seestrictly
strict equivalence of 2-D system matrices positive real
two 2-D system matrices

strictly proper transfer matrix a 2-D

S; = [2 DQ,»l} i=172 transfer matrix

. . N (z1, z2)
( See alsoinput—output equivalence of T (z1,72) = —————
generalized 2-D system matrigesof the d (21, 22)
same dimensions are called strictly equiva- N (z1,22) € RP"™ [z1, z2]
lent if n1 12 o

d(z1.22) = )Y dijzhz)
|:M0:||:P1 —Ql]z[Pz —Qz][N L] i=0 j=0
K I C1 D1 Co Do 01

such thatd,, ., # 0 (d(z1,z2) is ac-

holds forM, N unimodular matrices anfl,
ceptable) and degn;; (zl,zz) < ni,

L polynomial matrices. The transfer matrix deg. n;;( ) < np for 1,.
Ti(e1,22) = Ci P 10; + Dy and the degree  (°92 "1 72) < n2 T 1 = %o P

of det P; are invariant under the strict equiv- t]ne_s %) fN( 1, V‘;haer:z”afe(m,(éé) a;edg]r?o(tegs-
alence, i.e.T1 = T» and deg detP; = 21,22 g, (deg,

deg detP. the degree with respect ta (z2).

strictness  attribute of a function whereby
one can compute the value error whenever
one or more of their arguments have the value

(x, Hx)7 —>> 8{x,x)7 — Vx € X, error.

strict passivity — a systemH : X, — X,
where there exists&> 0 such that

See alsextended spaciner productspace  Stride  the spacing (measured in mem-
and passivity ory address space) between the addresses of

consecutive elements of a vector that are ac-
strictly Hurwitz polynomial ~ SeeHurwitz ~ cessed during the execution of a program
polynomial loop. If the stride is one, all elements are

accessed in order; if it is two, every other el-
strictly positive real (SPR)  a rational ement is skippedSee alsanemory stride
transfer functionG (s) with real coefficients

such that stripline  a transmission line formed by a
printed conductor sandwiched between two
ReG(s) >0 for Re >0 conductive-backed dielectrics.

A transfer functionG is strictly positive real  strong inversion the range of gate biases

if G(s—e) is positive real forsomereal> 0.  corresponding to the “on” condition of the
Arational transfer functiow (s) withreal ~ MOSFET. At a fixed gate bias in this region,

coefficients is strictly positive real if and only for low drain-to-source biases, the MOSFET

if the following conditions hold. behaves as a simple gate-controlled resistor.
1. The function has no poles in the right At larger drain biases, the channel resistance
half-place. can increase with drain bias, even to the point
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that the current saturates or becomes indecameras and interpreted by computer. For ex-
pendent of drain bias. ample, a grid of parallel straight lines of light

projected on to a curved object will appear
strong localization of light confine-  from a separate viewpoint to be curved and
ment of light inside a highly inhomogeneous will provide information on the 3-D shape of
medium due to very strong scattering. the object.

strong SPR function  Seestrictly positive  structured matrix ~ amatrix whose entries
real function are either zeros or independent free parame-

ters.
strong strictly positive real function  See

strictly positive real function structured noise  noise that is not random

but that is typically periodic, or contains el-
ements of some unwanted signal. This cate-
gory of noise includes clutter, crosstalk, eas-
ily recognized spikes, and so on.

structural controllability a dynamically
where for a structured pair of matrices, B)

there exists an admissible p&it—, B™) that
is controllable.

structural pattern recognition ~ methods structured uncertainty low-order pa-
for carrying out the recognition of pattern on r_ameter perturbations or L_mmodeled varia-
the basis of a structured representation. Foflons represented by a famll_y of ”f'oc.’e's with
instance, in many interesting problems, the Uncertain parameters ranging within a pre-

patterns can effectively be given linguistic SF’ec'f'ed se’g. In the case of Ilpear systems
descriptions based on grammars. with models in frequency domain, an uncer-

tain system with structured uncertainties is
represented by a family of rational matrices
with given the highest order and a prespeci-
fied set for each uncertain parameter. In the
state space counterpart, an uncertain system
with structured uncertainties is represented
by a family of matrices (in the state equations

structured cell  an element of a standard of known dimensions depending on uncertain

cell library designed using rules from the tar- parameters from the prespecified set).
geted wafer fabricator. Structured cells are
integral multiples of a unit cell with intercon-  Structuring element  an image or shape
nection points on all four sides of the cell. that is used in a morphological operator as
Structured cells normally interconnect sim- & probe interacting with the image to be an-
ply by being placed next to another structured alyzed, leading thus to a transformation of
cell. Unwanted connections are broken asthat image. It can be either a set of points
opposed to desired connections being made(@ colorless shape), or a gray-level image (a
shape with a gray-level profile on it). In
structured distribution systems (SDS) a  contrast with the natural image to be pro-
topology that advocates cabling saturation of cessed, the structuring element is chosen by
a desired environment to accommodate allthe user and generally has a small support.
potential personnel movements and recon-Seemorphological operator
structions within that office.

structure estimation  determination ofthe
structure of objects, i.e., the 3-D coordinates
of surface points of objects, from sequences
of images. It is a task sometimes closely re-
lated to motion estimation.

stub  a short section of transmission line,
structured light patterns of light pro- usually short-circuited or open-circuited at
jected onto objects which are to be viewed by one end, designed to present a specific im-
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pedance at the other end. Stubs are typicallywavelengthsless than a millimeter, butlonger
employed as impedance matching elementsthan those of the long-wave infraregd 0—

30 um).
stub tuner matching network, either
double-stub or triple-stub, used to match all gyppand analysis decomposition of a sig-
load admittances. nal into a set of subbands by using a filter

bank, followed by an appropriate subsam-
stuck-gt fault a fauIF model _represented pling. See als@ubband synthesis
by a signal stuck at a fixed logic value (0 or
D). subband coding Seesub-band coding

stuck-open in logic circuits, refers to a ]
fault wherein the value of a signal is “stuck” Subband signal  the outputs of subband
at the open-circuit value. analysis are referred to as subband signals.

sub-band coding (1) a method for source subband synthesis a process in which a
coding where the input signal is divided into signal is generated from the subband signals
frequency sub-bands, through the use of,through upsampling and filteringSee also
e.g., a filter bank. The sub-bands are thensubband analysis
guantized separately. Such methods utilize
the fact that most real-world signals con- subchannel /0  the portion of a chan-
tain low amounts of information in some nel subsystem that consists of a control unit
frequency regions and much information in module, the connections between the chan-
other. Hence, enhanced compression can b@e| subsystem and the control unit module,
obtained by focusing (only) on “important” and the connections between the control unit
frequency regions. module and the devices under its control. In
(2) image coding scheme in which the earlier versions of the IBM channel architec-
image is first filtered to create a set of im- ture, the subchannel was known as an 1/O
ages containing a limited range of frequen- channel.
cies. These images are down sampled and

encoded using one or more coders. The régpcircuit  a simulation approach that al-

verse is carried out at the receiver to recon-joys an efficient description of repetitive cir-
struct the original image. cuitry.

sub-band pyramid  sub-band coding us-
ing quadrature mirror filters (QMF) provides
a natural hierarchical structure and is called
sub-band pyramid. This is quite similar to
the Laplacian pyramid.

subjective contour illusory contours per-
ceived by the visual system even in the pres-
ence of no real intensity change. A typical
example is Kanisza triangle.

sub-block  a part of a cache line that can Submersible transformer  a transformer,

be transferred to or from the cache and mem-used in underground  distribution - work,

ory in one transaction. This is applicable Which is capable of operation while sub-

in the cases where the complete line cannotMerged in water.

be transferred in one transaction. Each sub-

block requires a valid bit. subroutine  a group of instructions writ-
ten to perform a task, independent of a main

sub-millimeter (SMM)  the portion ofthe  program; can be accessed by a program or

electromagnetic spectrum corresponding toanother subroutine to perform the task.
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subroutine call and return (IE) the a silicon or other semiconductor wafer that

subroutine call is a specialized JUMP or has electronic components interconnected to

BRANCH instruction that provides a means perform a circuit functionSee alsavafer.

to return to the instruction following the call

instruction after the subroutine has been com-subsynchronous resonance an electric

pleted. A RETURN instruction is usually power system condition where the electric

provided for this purpose. network exchanges energy with a turbine
generator at one or more of the natural fre-

subsampling pyramid  a spatial domain quencies of the combined system below the

hierarchy is generated by repeatedly subsamsynchronous frequency of the system.

pling the original image data. The recon-

struction at any level simply uses the sub- subthreshold  the range of gate biases

sampled points from all previous levels in corresponding to the “off” condition of the

conjunction with the new points fromthe cur- MOSFET. In this regime, the MOSFET is not

rent level. perfectly “off” but conducts a leakage current

that must be controlled to avoid circuit errors
subsidiary communication authorization  and power consumption.

(SCA) services for paging, data transmis-
sion, specialized foreign language programs,gptracter ~ acircuit that subtracts two val-
radio readings services, utility load manage- es.

ment and background musing using multi-
plexed subcarriers from 53-99 kHz in con-

: X subtractive polarity  polarity designation
nection with broadcast FM.

of a transformer in which terminals of the
. . same polarity on the low- and high-voltage
subspace based algorithm based on split-  ¢i5 are physically opposite each other on

ting the whole space into two 0rthogo- ihe transformer casing. With subtractive po-
nal complements, the signal and noise sub-,yity 4 short between two adjacent termi-

spaces, and exploiting properties of the de-p,5\5 results in the difference of the two coil
sired signal mthese_two subspac8ge a_llso voltages appearing between the remaining
MUSIC, ESPRIT, signal subspagenoise  (erminals. Subtractive polarity is generally
subspace used on transformers larger than 500 kVA and
higher than 34.5 kV. Smaller units use addi-
tive polarity. See the diagram belowsee
alsoadditive polarity

substation  a junction point in the elec-
tric network. The incoming and outgoing
lines are connected to a busbar through cir-
cuit breakers.

substation battery  a battery used to pro- H1 Ho
vide operating energy for the protective relay Q0000 QAGRA o
operations and to initiate circuit breaker oper-

ations in a generating substation. The battery
is necessary, as the equipment must work re- o~ 0000000000 o
liably during severe voltage sags and outages x x2
on the AC system.

Transformer with subtractive polarity.
substrate  a dielectric or semiconductor
slab over which active devices, planar trans-
mission lines, and circuit components are subtransient current the fault current
fabricated. This can be a PCB, a ceramic, orthat flows during the subtransient period
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when the generator and motor apparentsufficient statistic ~ for a parameterized

impedances are their respective subtransienfamily of probability distributionsf (x; 6),

impedances. depending upon some parametgrit is a
common problem to estimatefrom obser-

subtransient impedance the series im-  vation of a sampleX drawn according to an

pedance that a generator or motor exhibitsunknown member of this family. A statistic

during the subtransient period, typically the S(X) is called a sufficient statistic of for 6

first few cycles of a fault. Subtransient if it retains all the information available iK

impedances are generally used in calculatingfor the estimation of.

fault currents for determining instantaneous

relay settings. Sugeno fuzzy rule a special fuzzy rule
in the form ifx is A andy is B thenz =

subtransient open-circuit time constant  f(x,y) where “if x is A andy is B” is the

Seequadrature-axis transient open-circuit antecedentA and B are fuzzy sets, and the

time constantand direct-axis subtransient consequenis the crisp (nonfuzzy) function

open-circuit time constant z = f(x,y). See alsduzzy IF-THEN rule
fuzzy inference system

subtransmission the circuits which con-

nect bulk power substations to distribution sulfur hexaflouride a heavy, highly-

substations. electronegative gas used as a high-voltage,
self-healing insulation.

subway transformer  another name for a

submersible transformer. sum of products (SOP) a standard form
for writing a Boolean equation that con-

sub-critical  the state of a fission chain re- tains product terms (input variables or sig-

action which is not self-sustaining because annal names either complemented or uncom-

insufficient number of neutrons are produced Plemented ANDed together) that are logi-
at each fission. cally summed (ORed together).

successive approximation an A/D con-  sum-frequency generation the processin

version process that systematically evaluategvhich two light beams of frequencies and

the analog signal im steps that produce an @2 interact with a nonlinear optical material

n-bit code. The analog signal is successivelyto produce abeam atfrequensy = w1+w>

compared to determine the digital code, be-by means of the second-order susceptibility.

ginning with the determination of the most

significant bit of the code. super high definition television (SHDTV)
television at resolutions of 20002000 pix-

successive cancellation multiple-access €ls and higher.

receiver technique in which users are esti-

mated one by one, first subtracting previously super-critical ~ the state of a nuclear fission

estimated data from the received signal. reaction which more neutrons are produced
than are necessary to compensate for neutron

sudden pressure relay a protective re- absorbtion and leakage.

lay that senses the internal pressure in a

transformer tank, and operates on suddersuper-resolution the process of combin-

changes in this pressure. These sudden presng data from multiple, similar images of the

sure changes reliably indicate a fault inside same object to form a single image with in-

the tank. creased spatial resolution.
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supercomputer  at any given time, the superheterodynereceiver mostreceivers
most powerful class of computer available. employ the superheterodyne receiving tech-
niqgue, which consists of either down-
superconducting magnetic bearing a  converting or up-converting the input signal
magnetic bearing utilizing levitation between to some convenient frequency band, called

a magnet and a superconductor. the intermediate frequency band, and then ex-
tracting the information (or modulation) by
superconductivity a state of matter using an appropriate detector. This basic re-

whereby the correlation of conduction elec- ceiver structure is used for the reception of all
trons allows a static current to pass without types of bandpass signals, such as television,
resistance and a static magnetic flux to be ex+M< AM < satellite, and radar signals.
cluded from the bulk of the materials.

superinterleaving Seeénterleaved memory
superconductor  a material that loses all
electrical resistance below a certain tempera-

ture. Superconductors preventexternally 8p-g o rjattice  a stack of ultrathin layers
plleq magnetic fields f'rom penetratlng their of material. Layer thicknesses are suffi-
interior. They are considered perfectdlamag-Ciently thin to produce quantum-confined ef-

netic materials. Once the externally applied fects, typically 100-1000 angstroms; gener-
field exceeds a critical value, the materials ally, there are two different layer composi-
revert back to a nonsuperconducting status. tions, and the superlattice is built with layer

T . composition in an alternating scheme.
superdirectivity  a condition of a phased P g

array in which the excitation of the array
elements is adjusted to obtain a directivity
greater than that achievable with uniform ex-
citation. Such antennas are often impracti- .

cal, because high excitation currents are usu!S known.
ally required, leading to ohmic losses that
more than offset the additional directivity. Superparamagnetism  a form of mag-
Superdirective antennas also typically havenetism in which the spins in small particles

high reactive fields and thus exhibit very nar- are exchange coupled by may be collectively
row bandwidth. switched by thermal energy.

supernode a cluster of nodes, intercon-
nected with voltage sources, such that the
voltage between any two nodes in the group

superfluorescence usually refers to the superpipelined processor a processor
enhanced spontaneous emission that occurahere more than one instruction is fetched
due to self-organization into a coherent stateduring a cycle in a staggered manner. That
by a system of atoms or molecules. is, in an n-issue superpipelined processor, an

instruction is fetched every/4 of a cycle.
superheater  a heat exchanger that in- For example, in the MIPS R4000, which is
creases the steam temperature to aboutwo-issue superpipeline, a new instruction is
1000 degrees F. It is heated by the flue gasesfetched every half cycle. Thus, in effect, the

instruction pipeline runs at a frequency dou-
superheterodyne an architecture used in ble than the system (in the R4000 the pipeline
virtually all modern-day receivers. In the frequencyis 100 MHz, while the external fre-
early days of radio, tuned stages of ampli- quency is 50 MHz). Superpipeline proces-
fication were cascaded in order to secure asors usually have a relatively deep pipeline,
sufficiently high level of signal for detection of about 7 stages or more (8 stages on the
(demodulation). R4000).
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superpipelining  a pipeline design tech- mented both on CISC (Pentium) and RISC
nigue in which the pipeline units are also (61164) processors.
pipelined internally so that multiple instruc-
tions are in various stages of processingsupervised learning (1) a procedure in
within the units. The clock rate is increased which a network is trained by comparing its
accordingly. output, inresponse to each training data item,
with a target value (label) for that item. Net-
superpolish methods for producing a work weights are adjusted so as to reduce the
surface of low RMS roughness, typically differences between outputs and targets until
10 angstroms RMS or less; methods includethese differences reach acceptable values.
special mechanical, chemical, and ion pol-  (2) a training technique in statistical pat-
ishing techniques. tern recognition or artificial neural networks

inwhichthetraining setincludes a predefined
superposition  for a systen¥'[], the prop-  desired output.

erty that
supervised learning for self-generating
Tlayx1(t) + azxa(t)] = neural network  there are two ways for
ayt[x1(t)] + azt[x2(t)]. supervised learning in SGNN. The firstis the

same as that of supervised learning for a self-
organizing system. The second is to make

superposmo_n codmg_ mult|ple-access use of information gains of the attributes
channel coding technique in which each usery, v ¢|assification. That is, use the inner

encodes independently, such that at the rey ¢t of the training vector and the infor-
ceiver, the transmitted signals may be es-

. 4 usi ) llatioB mation gain vector corresponding to its at-
timate usmg successwg cancellatioee tributes to train the network. Experiments
alsosuccessive cancellation

show that this way of supervised learning
for SGNN can significantly improve both the
performance of the network and the train-
ing speed. See alscself-generating neural
network information gain learning vector
gquantization

superposition integral ~ for a linear shift-
invariant system characterized by an impulse
responsekh(r), the output,y(z), for a given
input, x (¢), is calculated as

o
Y = / x(s)h(t — s)ds. supervised learning for self-organizing
’°° system Sedearning vector quantization
Also called the convolution integral.
supervised neural network  neural net-
superradiance usually refers to the workthatrequires input—output pairs to form
strongly enhanced spontaneous emission thathe interconnection weight matrix of a net-
is emitted by a coherently prepared system ofwork. The Hopfield model, perceptron, and
atoms or molecules. backpropagation algorithm are supervised
neural networks.
superscalar processor a processor where
more than one instruction is fetched, de- supervisor call instruction (SVC)  See
coded, and executed simultaneously. nlf software interrupt
instructions are fetched and processed simul-
taneously, it is called an-issue superscalar supervisor instructions processor in-
processor. Forexample, the Pentiumis atwo-structions that can be executed when the pro-
issue, and the DEC 61164 is a four-issue su-cessor is running in supervisor mode. The
perscalar processor. This feature was imple-separation of supervisor instructions is re-
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quired to isolate the system’s control infor- surface acoustic wave (SAW) device in
mation from tampering by user programs.  this device, electrical signals are converted
to acoustic signals, processed, and then con-
supervisor mode one oftwo CPU modes, verted back to electrical energy. Due to their
the other being user mode. Sometimes calledsmall propagation velocity, acoustic waves
privileged mode, this mode allows access tohave small wavelengths; thereby, one can
privileged system resources such as speciatonstruct miniature high performance com-
instructions, data, and registers. ponents such as filters using SAW devices.

supervisor state  one of two CPU states, syrfaceimpedance the impedance exhib-
the other being user state. When the CPU isjted py the surface of a conductor/dielectric

in supervisor state, it can execute privileged due to the variation in its conductivity with
instructions. frequency.

support of a fuzzy set the crisp set of
all pointsx in X with membership positive
(ua(x) > 0), whereA is a fuzzy set in the
universe of discours&. See alsduzzy set
membership functian

surface mount technology (SMT) the
electrical connection of components to the
surface of a conductive pattern without com-
ponent lead holes.

surface mounting Seesurface mount

supporting plane  aplanar structure thatis
technology

an external support for a packaging and inter-

connecting structure, used to alter the struc-

ture’s coefficient of thermal expansion. surface plasmon  a surface polariton in a
plasma medium.

supremal decision unit  control agent or

a part of the controller of the partitioned sys- surface polariton  a polariton that propa-

tem, which perceives the objectives and thegates as a wave along the interface between

operation of this system as a whole and istwo media.

concerned with following these overall ob-

jectives; in case of a large-scale system with

hierarchical multilevel (two-level) controller,

the coordinator unit is often regarded as the

supremal decision unit.

surface rendering  Seerendering

surface roughness the RMS value of the
peaks and valleys in the profile of a solid sur-
face. High frequency currents flow near the
skin of conductors due to a skin effect phe-
nomenon. Therefore, high frequency cur-
rents follow the contours on the surface of
conductors. For this reason, surface rough-
ness should be minimized so the patch of cur-
rent flow is as short as possible.

supremum operator  an operation that
gives the least upper bound function. For
example, ifS is the supremum of a set,
thensS is the upper bound of, and no value
less tharS is an upper bound oA.

surface acoustic wave (SAW) a surface
acoustic wave (also known as a Rayleigh
wave) is composed of a coupled Compres_surface scattering scattering at the rough
sional and shear wave. On a piezoelectricboundary between two media of different re-
substrate, there is also an electrostatic wavedractive index.

that allows electroacoustic coupling. The

wave is confined at or near the surface andsurface texture See texture texture
decays away rapidly from the surface. analysistexture modeling
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surface wave awave that propagates with power that flows in a lossless transmission
dissipationin one direction and exponentially line terminated in a resistive load equal to
decays (without propagating) in the other di- the line’s surge impedance is denoted as the
rections. Most of the field is contained within surge impedance loading of the line.
or near the interface.

Surface waves are supported, for example surge response voltage the voltage that
by a dielectrically coated conductor or by a appears at the output terminals of surge pro-

corrugated conductor. tection equipment and is seen by loads con-
nected to that device both during and after a
surface-emitting laser logic (SELL) surge condition.

a device that integrates a phototransistor
with a low-threshold vertical-cavity surface-
emitting laser.

surface-mounted package in both elec- surgetank anempty vessel located at the

trical and mechanical devices, a mounting top of the penstock. It is used to store wa-

technigue between chip and substrate usinger surge when the turbine valve is suddenly

solder joints between pads on the two sur-closed.

faces. The advantage is that higher circuit

densities can be achieved on the board. susceptibility  the part of the permittiv-
ity or permeability that is attributable to the

surge  a short-duration (microsecond to electromagnetic behavior of the medium. In

millisecond) increase in power line voltage. a linear, isotropic medium, the electric sus-

Also called a spike or an impulse. ceptibility is numerically equal to the rela-
tive permittivity minus one, and the mag-

surge arrestor  a device that limits over- netic susceptibility is equal to the relative

voltages by conducting large currents in re- permeability minus one.See alscelectric

sponse to an overvoltage. Surge arrestors arsusceptibility

typically connected line to ground in trans-

mission and primary distribution systems. sustained interruption  all interruptions

They can be employed in a variety of connec-that are not momentary. Generally used

tions in secondary distribution, and can be when referring to long duration voltage in-

necessary in communications, sensing, anderruptions of greater than 1 minute.

control circuits.

SV system  single variable systemSee
surge impedance the ratio of voltage to  alsosingle-input—single-output system
current on that line for a high speed wave
propagating down the line. The surge impe- SVC  supervisor call instructionSee also
dance of a line is a constant which dependssoftware interrupt
on the line geometry and conductor charac-
teristics. On power transmission lines, theseSVD  Seesingular value decomposition
waves are typically generated by lightning
strokes, circuit breaker switching, etc. Also SVP  Seesound velocity profile
called characteristic impedance.

Swan, Joseph (1828-1914) Born: Sun-
surge impedance loading (SIL) of a  derland, England
transmission line, the characteristic impe-  Swan is best known as the inventor of the
dance with resistance setto zero (resistance isncandescent lamp. During his life he ac-
assumed small compared to reactance). Thejuired seventy patents in many areas. He
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was a devoted experimentalist with intereststrolled. See alscsingle-pole single-throw

in photography, the development of miner’s single-pole double-throwtransmit/receive
lamps, batteries, electroplating, and artificial switch, all-optical switch

silk. Swan teamed with Edison in 1883 to  (2) a device comprising a number of in-
form the Edison and Swan United Electric put and output ports and circuitry to switch
Light Company after Edison’s suit for patent packets from one input port to one or more
infringement was dismissed. J. W. Starr andoutput ports based on the addressing infor-
W. E. Staite were the early pioneers who in- mation contained in the packet header.
spired Swan to research that led to his knight-

hood in 1904. switchable shunt  Seeshunt capacitor
swap inassemblylanguage, aninstruction switchboard literally, a large panel or
that swaps two values one for the other. board upon switches were mounted in early

electrical systems.
SWE SeeSchidinger wave equation
switched combining a method of di-
sweep generator a frequency source that versity combining in which the receiver is
can be setup to sweep from a start frequencyswitched between alternative communica-
to a stop frequency in a specified time inter- tion channels to find the channel that yields
val. the best signal quality. See alsoangle
diversity, antenna diversity
swell a voltage or current RMS value at
supply frequency that increases for a time pe-switched reluctance machine a doubly
riod from 0.5 cycles to 1 minute. salient, singly excited electrical machine that
contains a different number of poles on the
swingcurve asinusoidal variation of apa- stator and rotor. Since there are a different
rameter, such as the critical dimension or thenumber of poles on the rotor and stator, only
dose-to-clear, as a function of resist thicknessone stator phase can be aligned at a time with
caused by thin film interference effects. the rotor.

When operated as a motor, the stator
swing bus in power-flow studies, a bus in phases are sequentially switched on and off
the power system which is assigned unknownto pull the rotor into alignment with them.
real and reactive power so as to compensatélhis requires knowledge of the rotor posi-
for losses in the system. tion to properly excite the stator phases. The

switched reluctance machine can also operate
swing equation a nonlinear differen- asagenerator. Inthis case the stator windings
tial equation utilized in determining the dy- are charged with a current as the rotor comes
namics of synchronous machineSee also into alignment. When the current reaches

electromechanical equation a determined level, the windings are recon-
nected to send current out of the machine.
switch (1) a device that allows cur- As the rotor is driven, the inductance drops,

rent flow when closed and provides isola- causing an increase in current.

tion when open. The switch provides sim-  This type of machine requires an external
ilar functions to the circuit breaker, but can- capacitor bank, switches and diodes in each
not interrupt fault currents. Some switches phase, and a sophisticated control system to
are capable of making and breaking load operate.

currents, while others are only able to

break charging current. Switches can beswitched-mode power supply See
either manually controlled or motor con- switching power supply
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switching amplifier  a type of amplifier  switching surge a momentary overvolt-
that utilizes switching between the cutoff and age in a power system which results from
saturated states to minimize the time in the energy stored in the magnetic filed of a long
lossy transition states, thus achieving high power line being injected into the system at
efficiencies. All class D, E, and S ampli- the instant that the line is switched out of ser-
fiers fit into this general group. Parame- vice.
ters such as device characteristics, quiescent
bias point, RF load line, significant harmonic switching time  the time required for an
and/or mixing frequencies, and amplitude entity to change from one state to another.
and waveform of the applied signal(s) should
be included with the class definition, thus SWR  Seestanding wave ratio
defining the major contributors to the physi-
cal actions taking place in one of these am-symbol error rate a fundamental per-
plifiers. formance measure for digital communication
systems. The symbol error rate is estimated
switching flow graph model a large- as the number of errors divided by the to-
signal dynamic modeling method for PWM tal number of demodulated symbols. When
switching circuits. The circuit is viewed as the communication system is ergodic, this is
two linear sub-circuits, one with the switch equivalent to the probability of making a de-
on and one with the switch off. Flow graphs modulation error on any symbol.
are obtained for the subcircuits and then com-
bined using switching branches to form a symbol synchronization a technique to
switching flow graph. The switching flow determine delay offset or rate of symbol ar-
graph provides a graphical representation ofrival from the received signal. Can be based
the dynamic switching circuit from which the on either closed or open loop methods.
large-signal, small-signal, and steady-state
behaviors can be extracted. symbolic substitution See symbolic
substitution logic gate
switching frequency  the frequency at
which converter switches are switched. In symbolic substitution logic gate an op-
sine-triangle PWM switching applications, tical logic gate using a specific algorithm de-
the switching frequency is defined by the tri- veloped for optical computing called sym-
angle wave frequency, i.e., the carrier fre- bolic substitution. In symbolic substitution,
qguency. one or more binary input data are together
represented by an input pattern. In its origi-
switching node acomputer or computing nal method, four identical patterns are dupli-
equipment that provides access to network-cated from the input pattern. The four pat-
ing services. terns are shifted to different directions. The
shifted patterns are added. The added pat-
switching order procedure which in- tern is thresholded. The previous procedure
cludes the sequence of switching operationsis then repeated. The thresholded pattern is
to shift load. split into four identical patterns. The four
identical patterns are shifted to different di-
switching power supply  a power supply, rections and then combined as output pat-
with one or more outputs, based on switching terns. All these steps are equivalent to first,
converters. The output(s) may be regulatedrecognizing input pattern, and then substi-

via a control technique. tuting it with output pattern. In the improved
method, input pattern can be substituted with
switching surface  Seesliding surface output pattern using two correlators, the first
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correlator for recognition and the second for 2. a balanced set of phasor currents with
generating output pattern, or using a holo- magnitudei_; that has a phase sequence
graphic associative memory. Output patternwhich produces clockwise rotor rotation in
can be any of sixteen Boolean logic opera- a machine (negative sequence), and
tions or their combinations. 3.aset of three equal phasors with magni-
tude fo (zero sequence) which does not pro-
symmetric half plane field the class of duce rotor rotation in machine.
image models which can be implemented re-
cursively pixel by pixel. Thatis, if the pixels symmetrical fault another term for a
inanimage are ordered lexicographically (ei- three-phase fault, a fault in which all three
ther by rows or by columns), then a symmet- conductors of a three-phase power line are
ric half plane model is one in which a pixel short-circuited together. System faults are
pis afunction of only those pixels preceding symmetrical and can be analyzed by using
p in the ordering.See alsdMarkov random  single phase circuit.
field.
symmetrical fault current  the total cur-

ories, and /0 devices are equally accessiblea’® expressed in terms of symmetrical amps.

without master—slave relationship. ) ) o
symmetries of nonlinear susceptibility

the elements of the nonlinear susceptibility
tensor are not all independent. For instance,
any rotational symmetries of the material
medium will be reflected in tensor properties
of the susceptibility. In addition, there are
symmetries that depend on the frequency de-
rTPendence of the susceptibility. For instance,
intrinsic permutation symmetry states that
the susceptibility is unchanged under simul-
taneous interchange of two input frequencies

symmetric resonator  a standing-wave
resonator with identical right and left mir-
rors; usually refers to the mirror curvatures
and not the mirror transmissions.

symmetrical component the method by
which unbalanced three-phase power syste
operation (particularly unbalanced fault per-
formance) can be efficiently analyzed. Sym-
metrical components convertunbalanced line . I o

nd two input tensor indices. Likewise, full
currents and voltages to three sets of balance

sequence components: positive se uencepermutation symmetry states that the suscep-
que P - P q tibility is unchanged under simultaneous in-
negative sequence, and zero sequence.

terchange of two frequencies and two tensor
The transformed phasor variablgs—os indices, input and output considered inter-

are obtained by applying the appropri- changeably. Kleinman symmetry states that

ate Fortescue transformation to any multi- the susceptibility is unchanged under inter-

phase set of phasor variables. ~Denotedchange any two tensor indices, input and out-

ftss [, fos, these are the positive se- nyt considered interchangeably.

guence, negative sequence, and zero se-

quence components, respectively. The Var:;inc distribution  a system that allows for

ables are so named because any unbalancege distribution of sync pulses to multiple de-
set of currents can be expressed (in phasogjces.

form) in terms of

1. a balanced set of currents with mag- sync generator (1) signal generator thatis
nitudei that has a phase sequence whichdesigned to produce a specified signal wave-
produces counterclockwise rotor rotation in form in order to synchronize a specific elec-
a machine (positive sequence). tronic device or system.
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(2) an electronic unit used to generate thesynchronized CDMA  a CDMA system
sync (synchronizing) information used in a where all the users are time-synchronized,
video signal. Sync generators typically pro- i.e., the signals associated with all users ar-
vide signals, such as horizontal sync, verti- rive at the receiver with identical time delays.
cal sync, composite sync, and blanking. The
sync generator signals are used in a videosynchronizing coefficient electricaltorque
facility to keep all video signals properly componentin phase with the rotor angle.
aligned with each other.

synchronizingrelay arelay that monitors
sync interval the time period between the voltage across an open circuit breaker to
neighboring sync pulses. determine the frequency and phase relation-

ship of the voltage sources on either side of

to separate the horizontal and vertical syncOn generator breakers to bring the genera-

information that are contained in a composite tor to the system frequency and to match the
video or composite sync signal. phase angle between the generator and sys-

tem prior to closing the breaker.

synctip the sync level that represents the

peaks of the sync signal. synchronous an operation or operations

that are controlled or synchronized by a

sync-locking  a condition in which a cir- clocking signal.

cuit will continue to follow the sync pulse

even with variations in amplitude and phase. synchronousbus - abusinwhich bus trans-

actions are controlled by a common clock
signal and a fixed number of clock periods is
allocated for specific bus transactior@om-
pare withasynchronous bus

synchro  also called a selsyn (for self-
synchronous). An AC servo machine used in
pairs primarily for remote sensing and shaft
positioning applications. Its construction is
essentially that of a wound-rotor induction
machine with either a single-phase or 3-phas
rotor winding. Various stator and rotor inter-
connections are possible, depending on de
sired function and required torque.

synchronous circuit  a sequential logic
circuit that is synchronized with a system
Cclock.

'synchronous condenser an unloaded,
over-excited synchronous motor that is used

. to generate reactive power.
synchro-check relay a device used to

monitor the frequency and phase angle of gynchronous demodulation  a form of a
the voltages across an open circuit breaker.phase sensitive angle demodulation in which
Synchro-check relays are commonly used t0)oc4 oscillator is synchronized or locked in

prevent breaker closing or reclosing on ex- frequency and phase to the incoming carrier
cessive voltage or frequency difference. signal.

synchronization (1) asituationwhentwo synchronous detection  demodulation

or more processes coordinate their activitieSgcheme using a balanced modulator to trans-

based upon a condition. late the center frequency of an IF signal down
(2) the process of determining (usually to DC (i.e., zero Hz). A local oscillator (LO)

channel) parameters from a received signaltuned to the IF center frequency is injected

for example carrier frequency offset, carrier into one of the input ports of the balanced de-

phase, or symbol timing. tector, while the AM or SSB signal contain-
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ing the information is applied to the other. which it is connected. A synchronous mo-
When used in this manner, the LO is of- tor generally has rotating field poles that are
ten referred to as a beat frequency oscillatorexcited by DC.

(BFO). Low-pass filtering the output results

in retrieval of the intelligence Signal, super- Synchronous Operation an Operation that
imposed upon a DC voltage (or current, de- s synchronized to a clocking signal.
pendent upon the actual device). The DC
value may either be discarded via high-pass
filtering, or used as a received signal strength
indicator for use in automatic gain control
circuits.

synchronous optical network (SONET)

a U.S. interface specification for high-speed
optical fiber transmission networks that al-
lows different manufacturers’ equipment to
be interconnected with full maintenance and
signal transparency. SONET emphasizes
protection from faults and fast restoration of
service after service interrupts.

synchronous digital hierarchy (SDH) an
international interface specification for high-
speed optical fiber transmission networks
that allows different manufacturers’ equip-
ment to be interconnected with full mainte- i .
nance and signal transparency. Specifies th€YNchronous reactance — the inductive re-
optical parameters and the basic rates and foractance of the armature windings in syn-
mats of the signal. Emphasizes protectionChrO”OUS machines under steady-state con-

from faults and fast restoration of service af- ditions. Designated by the symbal;, ex-
ter service interrupts. pressed in ohms per phase, the synchronous

reactance is a function of the stator induc-
Synchronous drive a magnetic drive Char- tance and the frequency Of the Stator Currents.
acterized by synchronous transmission of

torque, typically using a salient pole struc- synchronous reference frame a two-
ture. There is no slip between the driver and dimensional space that rotates at an angu-

the follower. lar velocity corresponding to the fundamen-
tal frequency of the physical stator vari-
synchronous dynamic RAM (SDRAM) ables (voltage, current, flux) of a system.

a type of dynamic random access memoryln electric machines/power system analysis,
with an added synchronizing clock signal that an orthogonal coordinate axis is established
allows for burst mode access of a series ofin this space upon which fictitious wind-
successive bits.See alsadynamic random ings are placed. A linear transformation is
access memotry derived in which the physical variables of
the system (voltage, current, flux) are re-
synchronous machine an AC electrical  ferred to variables of the fictitious wind-
machine that is capable of delivering torque ings  See also
only atone specific speed), whichisdeter-  arbitrary reference framerotor reference
mined by the frequency of the AC systeif)(  frame stationary reference frame
and the number of pole®] in the machine.
The relationship petwee_n synchronous Spee%ynchronous reluctance machine a type
and the other variables is of synchronous machine that has no rotor
ny = 120f/P win_ding. The rotor consists of salient poles,
which causes the reluctance to vary as afunc-
tion of position around the airgap. When op-
synchronous motor an AC motor in erated as a motor, a rotating magnetic field is
which the average speed of normal operationestablished by the stator windings that causes
is exactly proportional to the frequency to a reluctance torque on the rotor as the path
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of lowest permeability stays aligned with the multiplying the received vector by the parity-

peak of the stator flux wave. check matrix. Any twa:-tuples that have the
same syndrome can differ at most by a code

synchronous reluctance motor a syn-  word.

chronous motor that depends on a reluctance

variation on the rotor for the mechanism of synonym in a virtual addressed cache,

torque production. The rotor shape is de- when a real address has more than one vir-

signed to provide a high difference in the re- tual address, the name given to the virtual

luctances between thkeandg axes. addresses.

synchronous speed speed of the rotating  syntax  the part of a formal definition of
magnetic flux produced by three-phase cur-a Janguage that specifies legal combinations

rents in stationary coils in three-phase AC of symbols that make up statements in the
machines. The synchronous speed is calcutanguage.

lated by a knowledge of the number of poles
of the machine and the frequency of the statorsynthesis filter a bank of filters that

currents as recombines the components decomposed
by analysis filters from different frequency
N, = 120f,/ P bands.

synthesizer a software program that cre-
ates GDS2 data from a hardware description
language specification such as VHDL or Ver-

synchronous transfer mode a method
of multiplexing messages onto a channel in
which each period of time (also called a .

frame) on the channel is divided into a num- "°9-

ber of slots; one slot is allocated to each )

source for the transmission of messages, and"Y”the“C aperture radar (SAR)  atech-

a slot’'s worth of data from each source is:sentn":![ue for overc%ng kthe ne_et()j for Iarge
every period. antennas on side-looking airborne radar

(SLAR) systems. The effect of a large an-
synchronous updating  all units in a neu- tenna is synthesized by using Doppler shifts

ral network have the values of their outputs 0 classify the return signals, generating a
updated simultaneously. very small effective beamwidth. The process

is quite similar to that of holography, since

synchronously pumped-modelocked (SPM) the amplitude and frequency of the signals is
laser  alaser in which periodic pump pul- recorded over time.

sations arrive at the amplifying medium of a

laser oscillator in synchrony with the circu- Synthetic diamond  diamond grown arti-
lating mode-locked pulses, a standard tech-ficially, usually as a film, for industrial pur-

nique for obtaining sub-picosecond pulsa- Poses suchas hardness, thermal conductivity,
tions. or optical properties.

synchroscope a device used to determine System  a physical process or device that
the phasor angle between two 3-phase sysiransformsaninputsignalto an outputsignal.
tems. It is normally used to indicate when For example, the following figure describes
two systems are in phase so that they can beé system consisting of a RC circuit with an

connected in parallel. input of voltage, and an output of measured
voltage across the capacitor:
syndrome bit pattern used for error- Often the behavior of systems is governed

detection and correction that is formed by by a physical law, which when applied yields
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R

S/
system Ni; = 10log, (M)

f(t) +O C — y(t) S/ Noutput

‘ where S/N is the ratio (not in decibels) of
the signal power to noise power at a given
System example. temperature. This value indicates the amount
of signal-to-noise degradation from input to
a mathematical description of the behavior. Output of a system of components. If the S/N
For example, application of Kirchoff’s volt- and power gain of each individual component
age law and Ohm’s Law leads to the follow- in the system is known, then Friis’ formula
ing differential equation description of the €an be usedto predictthe overall system noise
above electric circuit input/output behavior; factor:

%y(r) + R—lcy(z) = %f(t) system NF; = 101log;oNRy

+(NR2 - 1) /Pg1

+ (NRs — 1) / (Pg1 x Pg2)

+ (NRg — 1) /[Pg1 x Pg2 x Pga] + -
+(NR, = 1)/ [P1 X Pg2... PG-1)]

system bus in digital systems, the main
bus over which information flows.

system identification  a field of control h il val for S/N and .
engineering dealing with the derivation of where afl vajues for and power gain are

mathematical models for the dynamics of n _ratio (non-decibel) format’ an_d the noise
processes, often by a detailed study of its in-?t'cs)'/NNR' 7fs7ach Sta% IS d?f'neg tas NR
put and output signals. Itincludes the design — (t nput)/( f.N"”‘p“‘)' sorelerred to as
of experiments for enhancing the accuracy of SyStem noise figure.

the models. System Performance and Evaluation Co-

operative (SPEC) a cooperative formed

system |mplementafuon a pha_se of S_Oft' by four companies, Apollo, Hewlett-Packard,
ware development life cycle during which a \y\pg  ang sun Microsystems, to evaluate
software product is integrated into its opera- smaller computers.

tional environment.

system transfer function  the result of
system interaction  a stream of energy, sending a known test signal (often animpulse
material, or information exchanged between fynction or sine wave) through a system and
the sub-systems of a large-scale system. Relgefines what a system will do when presented
evant attributes of those streams are, respecyjith an input signal. Test signals often must
tively, interaction inputs or interaction out- pe varied in frequency since system trans-

puts). Interactions are described by the in-fer functions are often frequency dependent
teraction equations, which relate interaction (e g., a stereo amplifier or speakers).

inputs to a given subsystem to interaction out-

puts from other subsystems. systemwith memory asystemwhose out-
put at time t depends on the input at other

system noise factor a value, in decibels, times (and possibly including) that instant t.

representing the ratio of the signal-to-noise If the output of the system at time t depends

ratio (S/N) appearing at the input of a system only on the input to the system at time t the

to that appearing at the output. system is said to be memoryless.
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systematic code a code for which the phases may be further expanded into a larger

information sequence itself is a part of the number. For example, deployment gener-

coded sequence. For block codes, it is com-ally comprises operational test and evalua-

mon to assume that the information sequencdion, maintenance over an extended opera-

is the first (or last) part of the codeword. tional life of the system, and modification
and retrofit (or replacement) to meet new and

systems engineering an approach to the evolving user needs.

overall life cycle evolution of a product or

system. Generally, the systems engineeringsystolic  flow of data in a rhythmic fash-

process comprises a number of phases. Ther@n from a memory through many processors,

are three essential phases in any systems emeturning to the memory just as blood flows

gineering life cycle: formulation of require- from and to the heart.

ments and specifications, design and devel-

opment of the system or product, and deploy-

ment of the system. Each of these three basic
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connection. However, while the voltage con-
nections to the primary of the teaser coil are
made at the 86.6% tap, the secondary volt-
age is taken from the full coil. This produces
two equal secondary voltages with a 90 de-
gree phase difference, as illustrated in the di-

agram.See alsdeaser transformer

T  common symbol for temperature, usu-
ally expressed in degrees Kelvin.

T-bracket  a metal frame which holds a
lightning arrester and a cut-out to the top of
a utility pole.

T-connection term often used to describe,
with some ambiguity, two distinct trans-
former connections — one to simply convert
voltage levels in a 3-phase power system, and
the other to convert between 3-phase and a
2-phase voltages. Both connections use only
two single-phase transformers, one called the
main and the other the teaser, arrangedina T
configuration. Details of each configuration
are described below. These connections are
also often referred to as Scott connections,
since they were first proposed by Charles F.
Scott.

Conversion of 3-phase voltage levels:
this configuration, the main transformer in
the T-connection is a center-tapped unit that
is connected between two lines of the three-
phase system. The teaser transformer is con-
nected between the center-tap of the main
transformer and the third line of the 3-phase
power system. Additionally, the coils of the
teaser transformer have 86.6% of the turn:
in the corresponding coils in the main trans-
former. The result is a balanced three-phas
voltage on the secondary. In most applica-
tions, the main and teaser transformers ar
actually identical, full voltage units with cen- A
ter taps and two 86.6% taps, one with respec
to each terminal. This allows main and tease.

3-Phase Input Yoltage

—vi/2 —l— w12 —

o Frimary Coils

3-ph

heutral \

58% Vin
win
i Mair

1:1 Turhz Ratio

*— B7% Taps

7% Vin

Secondary Coils ——

3-ph

/— neutral

87% In

L
wwn
hain

Scott transformer connection.

0.866\V1

‘

i

v2

units to be interchanged, plus it provides for T transformer connection.

true, 3-phase, 4-wire system with a neutral
connection. Thisisillustrated inthe diagram.

Conversion of 3-phase to 2-phase voltage: t-conorm

The main and teaser transformers in this con-

nection are arranged as they are in the Scott-norm
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T/IR switch  Seetransmit/receive switch  cuit breaker which has been opened to permit
downstream work.

TAB  Sedape automated bonding
tagged image file format (TIFF)  a pop-

tableau formulation amethod forformu- ular image-file format that is very flexi-

lating the equations governing the behaviorble. TIFF can hold compressed or uncom-

of electrical networks. The tableau method pressed images, or different types of pixels,

simply groups the KVL, KCL, and branch and is usable on different operating systems.

relationships into one huge set of equations. See alsofile format image compressign
Lempel-Ziv-Welch coding

taboo channels channels that the FCC

does not currently assign in order to avoid tail biting  aframe-by-frame transmission

interference from adjacent channels. scheme for which the data is convolution-
ally encoded so that the encoder begins and

tachometer ainstrument used to measure ends in the same state, which, however, is un-

the speed of a rotating device. Several typesknown to the decoder. The advantage of this

of tachometers are available. Friction de- scheme is that no tail (overhead) is added to

vices are placed against the shaft of the devicghe data to force the encoder into a (by the de-

being measured. Others used magnetic vari-coder) known stateCompare witHractional

ation or reflected light pulses to determine therate loss

speed. Tachometer generators are mounted

on the shaft of the device being measured andlakagi—-Sugeno—-Kang fuzzy model a

provide a voltage proportional to the speed.fuzzy model that was studied by Takagi,

Tach generators are often used in servo sysSugeno, and Kang. It is called the TSK or

tems. just TS fuzzy model, and it can be viewed as a
special case of SAMBee alsduzzy system

tachometer-generator a small generator

that is connected to the shaft of a rotating take-off ~ Seespur

machine and produces an output voltage di-

rectly proportional to the rpm of the machine. tangential sensitivity ~ amount of input

Typically used for closed-loop speed control. Signal power to a two-port network to pro-
duce the output signal-to-noise power ratio

tag (1) that part of a memory address held unity.

in a direct mapped or set associative cache

next to the corresponding line, generally the Tanimoto similarity  for vectorsx andy,

most significant bits of the address. defined as
(2) a field attached to an object to denote (x, y)
the type of information stored in the object. Sr

= 2 2 _
The tag can flag control objects to prevent e 1%+ 1y 1 =G )

misuse. Tags can be used to identify the typewhere(x, y) is the inner product of andy

of each object and thereby to simplify the and|| x | is the Euclidean norm of.
instruction set, since, for example, only one

ADD instruction would be necessary if each tank  the container for the coils and core
numeric object were tagged with its type (in- of a transformer, which is usually oil-filled
teger vs. real, for example). for insulation and cooling.

(3) a temporary sign which is affixed to a
network device to identify particular instruc- tap  aconnection (actually one of several)
tions. An example of this might be placing a to a coil, allowing the number of turns in the
tag which indicates "Do Not Close" on a cir- coil to be varied.

©2000 by CRC Press LLC



tap changer a device to change the tap
setting on a transformer coil, allowing volt-
age control.See alsadap, tap changing under
load

tap changing underload (TCUL) atype
of transformer in which the output voltage

TAR  Seetop antireflective coating

target architecture  the architecture of a
system that is being emulated on a different
(host) architecture.

task-level programming See object-

can be adjusted while the load is connected®riented programming

to the transformer. The voltage is adjusted
by changing the turns ratio of the primary
and secondary coils. That, in turn, is accom-
plished by bringing out connections (taps) at
several points onthe coil. Changing from one

tap to another either adds or subtracts turnsTCUL

from the coil and raises or lowers the voltage,
respectively.

tape automated bonding (TAB) a man-
ufacturing technique in which leads are

task-oriented space Seeexternal space

TCSC See thyristor-controlled series
compensator

Seetap changing under load

TDD  Seetotal demand distortionr time
division duplexing

TDM  Sedime division multiplexing

punched into a metal tape, chips are attached

to the inside ends of the leads, and then theTDMA

chip andlead frame are mounted onthe MCM
or PCB.

tape skew misalignment of magnetic tape
during readout, leading to a difference be-
tween bits positions as written and as rec-
ognized for reading. Generally not a serious
problem for low recording density or low tape
speed; otherwise, a correction is required,
e.g., by the use of “deskewing buffers.”

tape-wound core  a ferromagnetic core

constructed by winding ribbon-like steel in-
stead of stacking thicker, punched lamina-
tion. Usually used for higher frequency de-

vices, orwhereitis desired to reduce the eddy,

current losses.

tapered mirror mirror in which the re-
flection profile varies across the mirror sur-
face; useful for discriminating against high-
order transverse modes in a resonatBee
alsovariable reflectivity mirror

tapped delay line arealization of a digital

See time division multiple
access

TE mode Seeransverse electric mode

TE polarizaion Seetransverse electric
polarization

TE wave Seetransverse electric wave

TEAlaser Sedransverse-excitation-atmo-
spheric laser

teaching-by-doing Sedeaching-by-show-
ing programming

teaching-by-showing programming a
programming technique in which the oper-
ator guides the manipulator manually or by
means of a teach pendant along the desired
motion path. During this movement, the
data read by joint position sensors (all robots
are equipped with joint position sensors) are
stored. During the execution of the motion
(playing back), these data are utilized by
the joint drive servos. Typical applications
of this kind of programming are spot weld-

filter which represents a unit time delay by ing, spray painting, and simple palletizing.
unit spatial difference in a transmission line. Teaching-by-doing does not require special
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programming skilland can be done by aplant TEMwave  Sedransverse electromagnetic
technician. Each industrial robot is equipped wave
with these capabilities. Also called teaching-

by-doing. TEMOOmode term sometimes usedto de-
o o . scribe the fundamental Gaussian beam mode,
team decision  decision taken indepen- though this mode has small longitudinal com-

dently by several decision makers being in ponents of the electric and magnetic field vec-
charge of a given process (or a decision prob-gys.

lem) and forming a team, i.e., contributing to

a commonly shared goal. temperate plasma a preferred term used

to describe the “cold plasma” to convey the
following limits on the thermal velocity of

. the electrons. The electron thermal velocity
teaser transformer  one of two single- s mych less than the phase velocity of the
phase transformers used to make up a Scotfyaye in the medium but much greater than

or T-connection transformer.  The teaser yq inqyced velocity increments produced by
transformer is connected between one I'”ethe electromagnetic fields.

of the three-phase voltage system and the
center-tap of the main transformer in the T-
connection. Also called teaser coBee also
T-connection

teaser coil Seeteaser transformer

temperature coefficient of resistance the
changeinelectrical resistance of aresistor per
unit change in temperature.

tee-structured VQ A method for struc- .
tured vector quantization, where the input template  a pattern, often in the form of a
signal is successively classified and coded inmask, that can be used to locate objects and

a manner described by a mathematical strucfeaturesin animage. For large objects which
ture known as a “tree.” might appear in many orientations, this pro-

cedure is very computation intensive, and it
TEGFET Seehigh electron mobility S normal to use small templates to search
transistor just for features, and then infer the presence
of the objects. Template matching is com-

telepoint  a generic term used to describe MONly performed for tasks such as edge de-
public-access, cordless, telephone systems. ©€ction and corner detection.

television (1)literally, seeing atadistance. template mask amask that forms a pixel-
(2) representation and transmission of lated template of an object or feature, and
moving images electricallyee alsvided). which may then be used for template match-

(3) receiver for displaying such pictures. ing. See alsgemplate

Tellegen'stheorem states the orthogonal- template matching  a technique in which
ity of v, i’ and ofv/, i for two different net- & model and an optimization method are used
works, N and N’, with identical topologies, tO deform atemplate to a study in order to find
i.e., with the same directed graph and with the best match for the purpose of detection or
v, i the branch quantities of network and ~ recognition.
v/, i’ the branch quantities of network'.

temporal alignment  the process of align-
TEM See transverse electromagnetic ing two sequences by using dynamic pro-
wave gramming
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temporal averaging averaging a signal in (2) a data item in a stream that marks the
the time domain. For discrete signals, tem- end of some portion or all of the data.
poral averaging by a finite impulse response
filter is a way to smooth out the signal. ternarylogic  digital logic with three valid
voltage levels.
temporal frequency afrequency that rep-
resents the change of an image with time;tertiary winding a third winding on a
temporal frequency components can resulttransformer. A tertiary winding may be used
from motion between completed images orto obtain a second voltage level from the
from the methods used to construct a com-transformer. For example, in a substation it
plete image. A monochrome interlaced tele- may be necessary to have low voltage power
vision frame requires two (2) fields or 30 Hz for the substation equipment in addition to
temporal frequency in constructing a com- the distribution voltage. Another application
plete monochrome television frame. Simi- of a tertiary winding is in a wye-wye three-
larly, the NTSC color subcarrier frequency is phase transformer. Here the tertiary is con-
interlaced with the horizontal line frequency nected in delta, to provide a path for the triple
and creates a 15 Hz temporal frequency com-harmonic components of the exciting current
ponent to the color television frame. and prevent distortion of the phase voltages.

temporal locality ~ Sedocality. tesla aunit of magnetic flux density equal
to one weber per square meter, i.e., one volt-
temporal resolution  the ability toresolve  second per square meter. Denoted by T. The
two closely spaced targets in the time do- unit is named in honor of Nikola Tesla, an
main. See alsgesolution early pioneer in the electric industry, who is
most commonly credited with building the
temporary fault  a fault that will not re-  first practical induction motor.
occur if the equipment is deenergized and
then reenergized. An example of a tempo-Tesla, Nikola  (1856-1943) Born: Smil-
rary fault is when a lightning stroke causes jan, Croatia
an uninsulated overhead line to arc over an Tesla is best known as the electrical pi-
insulator, with no equipment damage. oneer who championed the use of alternat-
ing current. When Tesla first came to the
temporary interruption  alossofvoltage United States he worked for Edison. He
of less than 0.1 pu for a duration of 3 secondssoon split with Edison, because Tesla ap-
to 1 minute. proached invention from a theoretical stand-
point, whereas Edison was a “trial and er-
terahertz (THz)  a frequency unit, %  ror” type experimentalist. Together with

hertz. his financial backer, George Westinghouse,
they battled with Edison, who championed
terminal bushing  Seebushing the use of direct current for electrifying the

world. Tesla is also known for his many in-
termination  a circuit element or device ventions including the Tesla coil and the AC
placed at the end of a transmission line thatinduction motor. It was Westinghouse who
reflects and/or absorbs signal energy. made afortune from Tesla’s inventions. Tesla
was known for his eccentricities and died a
terminator (1) a device connected to the recluse in New York City.
physical end of a signal line that prevents the
unwanted reflection of the signal back to its tesselation in the Euclidean plane, a sub-
source. division of that plane into polygonal cells
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which cover the whole of it, and such that testpoint (1) aphysical contactforahard-
two neighboring cells have disjoint interiors ware device that can be monitored with an
(in other words they have in common either external test device.

a vertex, or a side with its two end-VerticeS). (2) a data element within a software mod-

When the cells are isometric regular poly- yle that is accessible to an external test mod-
gons, one of the following three cases occurs:y|e.

1.Each cellis aregular hexagon and has 6
neighboring cells each having a side in com- et register ~ a register used in the proces-

mon with it. sor to ease testing of some functional blocks

2.Eachcellisa Square and has 8 neighbor‘(e.g” cache memory) by S|mp||fy|ng accesses
ing cells, of which 4 have a side in common g their internal states.

with it, and 4 have a vertex in common with

It test response compaction the process

3. Each cellis an equilateral triangle and of reducing the test response to a signature.
has 12 neighboring cells, of which 3 have a common compaction techniques use signal

side in common with it, 3 have a vertex in ransition counting, accumulated addition,
common with it in such a way that the two cRc codes, etc.

neighboring cells are symmetric with respect
to the common vertex, and 6 have a vertex in
common with it but without symmetry with
respect to the common vertex.

The tesselation of the plane into regular
cells is a mathematical model of the subdi-
vision of an image into pixels, and the cor-
responding digital space is made of the cen
ters of all the cells. In both the hexagonal
and square tesselations, there is a vector bas
such that the cell centers coincide with points
with integer coordinates. Modern technol-
ogy accords with Cartesian tradition in fa- . . .
voring the square tesselation, but the hexag-tESt"”I.nd'S(at nstruction ~ an atomic in-
onal tesselation has a simpler topology (with struction that te§ts a Boolean location qnd if
fewer neighboring cells, and all of the same .FALSE’. resets it to TRUESee alsatomic

2 s : instruction
type), which simplifies certain types of algo-
rithm — such as thinning algorithmsSee
alsopixel adjacency

test set  specialized sets of instruments
used to verify the operation of relays, fault
indicators, or other instrumentation.

test vectors atest scheme that consists of
pairs of input and output. Each input vector
“is a unique set of 1s and Os applied to the chip
inputs and the corresponding output vector is
the set of 1s and 0s produced at each of the
chip’s output.

testability  the measure of the ease with
which a circuit can be tested. Itis defined by

testaccessport afinite state machine used the circuit controllability and observability
to control the boundary scan interface. features.

test fixture  a device or software module testing  a phase of software development
that is attached to another device or modulelife cycle during which the application is ex-
so that tests can be run on the unit in question €rcised for the purpose to find errors.

test function  Seemoment method testing function  one of a set of functions
used in the method of moments to multiply
test pattern input vector such that the both sides of the integral equation (in which
faulty output is different from the fault-free the current has been expanded in a set of ba-
output. sis functions) to form a matrix equation that
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can be solved for the unknown current coef- in the form of a cylinder or rectangular prism
ficients. protruding from the base surface.

texturaledgedness ameasure ofthe mean thermal light light generated by spon-
edge contrast at every position in an image,taneous emission, such as when a group of
where the average is taken over a significantexcited atoms or molecules drops to a lower
region so as to smooth out small scale varia-energy state in a random and independent
tions, thereby providing an indication of the manner emitting photons in the process; con-
type of texture present. trasted with laser light.

textural energy  a measure of the amount thermal management the process or pro-
of statistical, periodic or structural variation cesses by which the temperature of a speci-
at a location in a texture, ‘energy’ being a fied componentor systemis maintained atthe
suitable square-law unit corresponding to thedesired level. Also called thermal control.
variance imposed on the mean intensity at
that location in the texture. thermal noise  a noise process that affects
communication channels and electrical cir-
texture  quantitative measure of the vari- cuits which is due to the random motion of
ation of the intensity of a surface that can be electrons in materials and more specifically
described in terms of properties such as regu+esistors. In such a circuit, the resistor pro-
larity, directionality, smoothness/coarseness,duces a level of noise that is proportional to
etc. the resistance of the component, the ambient
temperature, and the bandwidth of the cir-
texture analysis  the process of analyz- cuit. Also known as Johnson, Nyquist, or
ing textures that appear at various positionswhite noise.
in images. The term also includes the pro-
cess of demarcating the boundaries betweernthermal neutrons  neutrons which move
different textural regions and leads on to the at the same velocity as the random thermal
interpretation of visual scenes. motions of the atoms of the ambient medium.

texture modeling the processofmodeling thermal reactor a reactor which main-
a texture with a view to (a) later recognition tains acritical reaction with thermal neutrons.
or (b) generating a similar visual patternin a
graphics or virtual reality display. Textures thermal resistance a thermal character-
are usually partly random in nature, and tex- istic of a heat flow path, establishing the
ture models usually involve statistical mea- temperature drop required to transport heat
sures of the intensity variations. across the specified segment or surface; anal-
ogous to electrical resistance.
THD  Seetotal harmonic distortion
thermionics  direct conversion of thermal
thermal control ~ Sedhermalmanagement energy into electrical energy by using the
Edison effect (thermionic emission).

thermal expansion mismatch the abso- thermit welding  a welding process that
lute difference in thermal expansion of two produces coalescence of metals by heating
components. them with superheated liquid metal from a

chemical reaction between a metal oxide and
thermalfin  anextension of the surface are aluminum with or without the application of
in contact with a heat transfer fluid, usually pressure.
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thermomagnetic process the process of third rail a method of transmitting power
recording and erasure in magneto-optical me-to an electric locomotive. An insulated steel
dia, involving local heating of the medium by rail is laid along the railbed just outside the
afocused laser beam, followed by the forma- traction rails. This third rail is maintained
tion or annihilation of a reverse-magnetized at (typically) 600 volts DC by the railroad
domain. The successful completion of the power supply, and contact is made to the lo-
process usually requires an external magneticcomotive by a shoe which slides atop the rail.
field to assist the reversal of the magnetiza-Ground return is through the traction rails.
tion.

third-harmonic generation  the process
thermomagnetic recording recoding  in which a laser beam of frequeney in-
method used with magneto-optical disks. It taracts with a nonlinear optical system to

heat the disk surface and then forming or an-parmonic generation

nihilating magnetized domains.

third-order intercept (TOIl) point this
gives a measure of the power level where
significant undesired nonlinear distortion of
a communication signal will occur. 1t is re-

thermometer coding a method of coding
real numbers in which the range of interest
is divided into nonoverlapping intervals. To

code a given real number, saythe interval lated to the maximum signal that can be pro-

in which x lies is assigned the valuel, as . . A
. 2 cessed without causing significant problems
are all intervals containing numbers less than : .
to the accurate reproduction of the desired

x. All other intervals are assigned the value information (e.g., TV signal). Technical
0 (in the binary case) o1 (in the bipolar 9. gnay. Y:

case) the TOl is the hypothetical power in decibel-
' meter at which the power of the “third-order

thicklens  lens inside of which internal ray intermodulation” nonlinear distortion prod-

. ; . uct between two signals inputto a component
displacements and beam profile evolution are . !
would be equal to the linear extrapolation of
too large to be neglected.

the fundamental power.

thickening image operator thatsymmetri- o .
cally enlarges an image around a skeleton tothird-order susceptibility  a quantity, of-
eventually produce an image that had beenten designateg”, describing the third-order

previously reduced to the skeleton by thin- Nonlinear optical response of a material sys-

Cx3E3, whereE is the applied electric field
thin film capacitor ~ Seemetal—-insulator— Strength andP3 is the 3rd order contribution
metal capacitor to the material polarization. The coefficient

C is of order unity and differs depending on
thinlens  lens inside of which internal ray the conventions used in defining the electric

displacements and beam profile evolution arefield strength. The third-order susceptibility

so small that they may be neglected. is a tensor of rank 4 and describes nonlinear
optical processes including third harmonic
thinning image operator that clears, 9eneration, four-wave mixing, and the in-

somehow symmetrically, all the interior bor- tensity dependent refractive indeSee also
der pixels of a region without disconnecting nonlinear susceptibility

the region. Successively applying a thinning

operator results in a set of arcs forming a Thomson, William (Lord Kelvin)  (1824—
skeleton.Compare withthickening 1907) Born: Belfast, Ireland
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Thomson is best known as a physicist who switch pole in each phase. If the criteria pre-
championed the absolute temperature systenviously listed are met, the lamps will all be
that now bears his name (Kelvin). Thom- dark. If there is a difference in voltage, the
son did significant work to expand Fara- lampswill glow. Ifthereis a difference in fre-
day’s ideas. It was Thomson’s work that quency, the lamps will alternately glow and
Maxwell would extend into his seminal pub- go dark in unison. Finally, if the two sides
lications on electromagnetics. Thomson re- have different phase rotations, the lamps will
ceived a knighthood for his theoretical sug- blink sequentially as only one phase can be
gestions for the use of low-voltage signals in aligned at a time. In order to synchronize
the trans-Atlantic telegraph cable. Thomsonthe two systems, it is necessary to close the
was proved correct when on a third attempt, acontactor when the phase-shift is minimum,
cable was laid and worked. An earlier high- which means that the three lights are dark.
voltage cable had failed.

three-level laser laser in which the most
thoriated  pertains to a metal to which the important transitions involve only three en-
element thorium has been added. ergy states; usually refers to a laser in which
the lower level of the laser transition is sep-
thrashing  in a paging system, the effect arated from the ground state by much less
of excessive and continual page transfers thathan the thermal energyl’. Contrast with
can occur because the memory is overcom-four-level laser
mitted and programs cannot obtain sufficient
main memory. three phase fault a fault on a three phase
power line in which all three conductors have
thread  in software processes, a thread of become connected to each other and possibly
control is a section of code executed inde- the ground as well.
pendently of other threads of control within
a certain program. Three-Mile Island typically refers to a
cooling failure at a nuclear power plant on the
three-antenna gain measurement method Susquehanna River in central Pennsylvania,
technique based on Friis transmission for- USA in 1979.
mula in which the gain of each of three dif-
ferentantennas is calculated from a measurethree-phase inverter  an inverter with a
ment of three insertion loss values (corre- three-phase AC voltage output.
sponding to all three combinations of antenna
pairs) and the calculated propagation loss be-
tween the antenna pairs. Py

three-gun color display  a color-TV pic-
ture tube having a separate gun for each pri-
mary color (red, green, and blue).

3 - Phase

o

K Inverter

three-lamp synchronizing amethodused Three-phase inverter.

to connectathree-phase power systemin par-

allel to another one. In order to connect two

systems, they must have the same voltagdhree-phase rectifier  a rectifier with a
magnitude, frequency, and phase-shift. Tothree-phase AC voltage input.

determine that is the case, an open switch is

connected between the phases of the two systhree-point starter ~ a manual DC motor
tems and alamp is connected across the opestarter in which a handle is pulled to start
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the motor. The motion of the handle causes asistor there are two wires, the first of which is
contactto move across a variable resistance irconnected to the detector and the second is to
the armature circuit to limit the starting cur- the adjacent resistor of the bridge. Other ar-
rent. When the handle is moved to its fullest rangements are possible as well. The goal is
extent, the resistance is out of the armatureto reduce the errors introduced by the long
circuit and an electromagnet holds the han-wires while measuring the remote resistor
dle in place. With a three-point starter, the value.
electromagnet is in series with the shunt field
and loss of the field will shut down the mo- threshold (1) the limiting value of some
tor. The disadvantage is that if it is desired to variable of interest.
weaken the field for speed control, the motor  (2) the condition under which the unsatu-
starter may drop out. Also, the three-point rated round-trip gain in a laser is equal to the
starter cannot be used on a series DC motorloss.
(3) that point at which the indication ex-

three-point tracking  a tracking error re-  ceeds the background or ambient.
duction technique in which the preselector
and local oscillator have trimmed capacitors threshold coding  a coding scheme in
added in parallel to the primary tuning ca- transform coding in which transform coef-
pacitor and the local oscillator has an addi- ficients are coded only if they are larger than
tional padder capacitor in series with the tun- g selected threshold.
ing coil.

threshold current  the currentin an elec-
three-state circuit ~ Seetri-state circuit trically pumped laser that is necessary for the

unsaturated round-trip gain to be equal to the
three-terminal line  a branched transmis- |oss.
sion line with three ends, each of which is
terminated with circuit breakers such that all threshold decoding a special form of
three breakers must trip to clear a fault any- majority-logic decoding of block or convo-
where in the line. lutional codes.

three-terminal device  an electronic de- threshold inversion population inversion
vice that has three contacts, such as a transisthat provides an unsaturated round-trip gain
tor. in a laser equal to the loss.

three-winding transformer a trans- threshold sample selection in transform
former with three windings, typically pri- coders, quantization could be nonadaptive
mary, secondary, and tertiary. Common threefrom block to block, where a percentagef
phase, three winding transformers employ coefficients transmitted could vary according
wye connected primary and secondary wind-to spatial activity. To avoid large reconstruc-
ings and a delta connected tertiary winding. tion errors as in coefficient reduction used by
In some cases, an autotransformer is used t@onal selection, a threshold is chosen. Only
form the primary—secondary combination. the coefficients whose values are above the
threshold are quantified and encoded.
three-wire method in the three-wire
method, the remote resistor (which plays thethreshold voltage  when applied between
role of active gauge) is connected to the the gate and source of a MOSFET, the volt-
bridge circuit by three wires. One end of this age, VT, that results in an inversion of the
resistor is connected by one wire to the bridgecharge carrier concentration at the silicon sur-
power supply node; at another end of the re-face.
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thresholding  any technique involving de- ate operating states like transistoee also
cision making based on certain deliberately silicon controlled rectifier
selected value(s) known as threshold(s). For
an example, refer to threshold coding. Thesethyristor rectifier

techniques are also often utilized in im- g itches are thyristors. Thyristors are turned
age segmentation: specifically, thresholding ,, by a gate trigger signal, and turned off by

groups of pixels into black and white based p\5,ra| commutation. The output voltage is

on a numerical value; pixel levels below the .qnirollable by adjusting the firing angleof
value (threshold) become black, those aboveyg trigger signal. The direction of the power
become white. flow is reversible when an inductive load is
used. When the average power flow is from
through via  a via that connects the pri- DC to AC (@ > 7/2), the rectifier is said to

mary side and secondary side of a packagingye operating in the line-commutated inverter
and interconnecting structure. mode.

a rectifier where the

through-reflect-line calibration a net-
work analyzer two-port probe calibration
technique. A TRL two-port calibration re-
quires a thru standard, reflect (open circuit is
preferred, short is optional), and one or more
lines (transmission lines). It has the advan-

tages of self-consistency and it requires elec-thyristor-controlled - series compensator
trically simple standards. a capacitor bank installed in series with

an electric power transmission line in which
each capacitor is placed in parallel with a
thyristor device. Each capacitor may thus be
switched in or out of the line for some vari-
able portion of the AC cycle so as to maintain

thumper  slang for a time-domain reflec- N . . .
. the line’'s maximum power-carrying ability
tometer used to detect and locate defects in . "
. : under varying load conditions.
buried electric power cables.

thyristor-controlled phase angle regulator

a phase shifting device used in transmission
systems. The phase angle change is brought
about by thyristor-based control.

throughput  the amount of flow per unit
time. Generally refers to information flow.

h Tisapphirelaser laserinwhichthe active

the voltage on the grid can trigger ionization medium is sapphire With titanium sgbstituted
of the gas in the tube. Once the gas is ion-0f SOme of the aluminum atoms, important
ized, current flows from cathode to anode un-Or its large bandwidth in the visible spec-
til the potential across the two falls below a trum.
certain level. In Linac (a linear accelerator),
the thyratrons are used as high-voltage relaygie switch  a disconnect switch used on
in the chopper power supplies and in the RFfeeders and laterals to reconfigure distribu-
modulators to trigger the ignitrons. tion circuits to allow for line maintenance.
(2) an electronic tube containing low pres-
sure gas or metal vapor in which one or moretiepoint  a point in an input image whose
electrodes start current flow to the anode butcorresponding point in a transformed image
exercise no further control over its flow. is known. Tiepoints are often used to spec-
ify transformations in which the locations
thyristor a controllable four-layer (pn- of transformed pixels change, as in geomet-
pn) power semiconductor switching device ric transformations and morphingee also
that can only be on or off, with no intermedi- geometric transformation

thyratron (1) gas-filled triode in whic

©2000 by CRC Press LLC



tier  a group of cellular network cells of time diversity  a way to try to obtain un-
similar distance from some specific central correlated received signals to improve the
cell. The tier number is the number of cell performance of the system by transmitting
radii distant that the tier is from the central the signals in different time instants. Inter-
cell. leaving is one way to implement time diver-
sity.
TIFF  Seetagged image file format
time division duplexing (TDD)  a tech-

tightly coupled multiprocessors ~ a sys-  nique for achieving duplex (i.e., two-way)
tem with multiple processors in which com- communication. One direction of transmis-
munication between the processors takesSiONis conducted within specific segments of

place by sharing data in memory that is ac- time, and the reverse direction of transmis-
cessible to all processors in the system. sion is conducted within different segments

of time.

tit angle  the angle by which a surface

slants away from the viewer's frontal plane. ime division multiple access (TDMA) ~ a

technique for sharing a given communication

resource amongst a number of users. The
available communication resource is divided

into a number of distinct time segments, each
‘of which can then be used for transmission by

individual users. Sometimes used in cellular

and personal communications applications.

time constant  mathematically, the time
required for the exponential component of
a transient response (input as the step func
tion) to decay to 37% (%) of its initial
value, or rise to 63% (& 1/¢) of its final
value, wheree is the mathematical constant

2.718281828.. . _ A : .
o ) _timedivision multiplexing (TDM)  refers
In electronic circuits, the time constantis 5 the multiplexing of signals by taking
often related directly to the circuit RC value qnds of samples from the signals. Each
(i.e., the product of the resistance in ohms and, o, ,nd consists of one sample from each sig-

the capacitance in farads) or to itg R value nal, taken as a snapshotin tingee alstime
(i.e., theratio oftheinductancein henrystoits gjyision multiple access

resistance in ohmspee alseettling time

In a control system transfer function fac-
tor, T is the time constant and is equal to
where f is the corner frequency in the bode
plot. A closed-loop control system com-
monly has more than one time constant.

time correlation function a function
characterizing the similarity of areceived sig-
nal with respect to a shift in timeSee also
correlation

time delay  a time-current response char-

time domain  the specification of a signal
as afunction of time; time as the independent
variable.

time domain analysis a type of simula-
tion that allows the user to predict the circuit
response over a specified time range. The re-
sult of the simulation is a graph of amplitude
against time.

time domain storage  an optical data stor-
age technique in which time-dependent in-

acteristic, established by national standardsformation is stored as a Fourier transform
which means that a time-delay fuse is de-in an inhomogeneously broadened spectral
signed to carry five times rated current for 10 hole burning material. Thisis usually accom-
seconds before openingee alsenvelope plished with photon echoes or spin echoes.
delay. The maximum storage density is given by
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the ratio of inhomogeneous to homogeneousthe relay will operate more slowly than down-

widths of the absorption spectrum. stream relays or fuses, and more quickly than
upstream relays or transformer fuses. Relay

time frequency analysis anysignalanaly- and fuse curves are generally displayed on

sis method that examines the frequency prop-time-current curves.

erties of a signal as they vary over time.

time response the system response in the

herein th ssion of the sianal time domain when a reference input signal
wherein the transmission of the signal occurs;¢ applied to a system. The time response of

as bursts of pulses in time. Each burst has 3 control system is usually divided into two

rangom Zta”'r_‘g time and may have a fixed Orpart:s: the transient response and the steady-
random duration. state response.

time hopping  a type of spread spectrum

time invariance  a special case of shift ] ] .
invariance, applying in the time domain. In timeshift  forasignak(z) a displacement
particular, the impulse response of a system idn timezo. The time shiftis given by (z—1o).
independent of the time at which the impulse
occurs.See alsspace invariance time slot  in time-division multiple access
(TDMA), atime segment during which a des-
time invariant channel a communica- ignated usertransmits, or control information
tion channel for which the impulse response is transmitted. In time-division multiplexing
and transfer function are independent of time. (TDM), each time slot carries bits associated
Strictly time-invariant channels do not exist with a particular call, or control information.
in practice, but many communication chan-
nels can be regarded as time invariant for 0b-; o stability

o L the degree to which the
servation intervals of practical interest.

initial value of resistance is maintained to a

stated degree of certainty under stated con-
ditions of use over a stated period of time.

Time stability is usually expressed as a per-
cent or parts per million change in resistance
per 1000 hours of continuous use.

time invariant system a system with zero
initial conditions for which any inputf ()
applied at a time — t will simply result in

a time shift of the outpuy(¢) to y(z — 7).
For example, a RC circuit with relationship

between loop current(z) and output voltage ) o
y(1) described by time variant channel a communication

channel for which the impulse response and

1! transfer function are functions of time. All
y() = Rf(1) + E/ f(rydr practical channels are time-variant, provid-
- ing the observation interval can be arbitrarily

is time invariant. long. See alsdading channel

A system that is not time invariant isne
varying ortime variant For example, a sys-

tem described by time variant system  system in which the

parameters vary with time. In practice, most
yIk] = kf[K] physical systems contain time varying ele-
ments.
is time varying.
time varying system a system not ex-
time overcurrent (TOC) relay  an over-  hibiting time invariance. In particular, one in
current relay that has intentional, selectable,which the impulse response varies as a func-
time delay. The time delay is chosen so thattion of the time at which the impulse occurs.
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time—bandwidth product (1) inanacous- 2.in power system protective relays, the

to-optic deflector, the product of the acoustic- response time usually depends on the magni-

wave propagation time across the optical tude of the measured value. If the measured

beam and the electrical bandwidth for opti- value is a large multiple of the pickup value,

cal diffraction; equivalent to the number of then the relay operates or trips after a short

independent resolvable spots for the acoustotime delay. For smaller multiples of pickup,

optic deflector. For coded signals such asthe relay trips after a longer time delay.

chirp signals, the signal duration times the

bandwidth of the signal; equivalent to the time-dependent dielectric breakdown

pulse compression ratio obtained in autocor-breakdown of a dielectric is marked by a sud-

relation. See alsgulse compression den increase in current when an electric field
(2) the product of a signal's duration and is applied. The breakdown does not occur

bandwidth approximates the number of sam-immediately upon application of the electric

ples required to characterize the signal. field, but at a period of time later that de-

pends exponentially upon the magnitude of

time-current characteristic curve (1) a  the field.

relay time-current curve is a curve showing

the time versus current characteristic of atme-jnvariant system the system in

time overcurrent (TOC) relay. which the parameters are stationary with re-

(2) a fuse time-current curve shows the spect to time during the operation of the sys-
melting and clearing times of a given fuse or tem.

family of fuses.

(3) a coordination time-current curve time-of-arrival  the time instant of the ar-
shows the relationship of the operating and jyg| of the first signal component to the radio

clearing characteristics of coordinating de- recejver.See alsgropagation delay
vices (TOC relays and fuses) on a power sys-

tem. time-to-close contact a contact in which

the desired time to close the contactor could

time-current curve See time-current be set by the user

characteristic curve

time-to-open contact a contact in which
the desired time to open the contactor could
be set by the user.

time-delay fuse Seedual-element fuse

time-delay neural network  a multilayer
feed-forward network in which the output is

trained on a sequence of inputs of the form timequt th? concept of allowing only a
x(1),x(t — D), ....x(t —mD), wherex(.) certain specified time interval for a certain

event. Ifthe eventhas notoccurred during the

is, in general, a vector. By specifying the X i
interval, a timeout has said to have occurred.

required output at sufficient timesthe net-
work can be trained (using backpropagation)
to recognize Sequences and predict t|me Setimer acircuitthatrecords atime interval.
ries.
timing  the temporal relationship between

time-delay relay relay that responds with signals.
an intentional time delay.

1.in control circuits, time-delay relays are timing diagram a diagram showing a
used to cause a time delay in the state of thegroup of signal values as a function of
relay when power is applied or removed to time. Used to express temporal relationships
the relay actuator; among a series of related signals.
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timing error an error in a system due tokenring Seetoken bus
to faulty time relationships between its con-

stituents. Tokomak an experimental power reactor
. : - : that uses fusion, in which the hot plasma is
tin whisker a hairlike single crystal ; . .

s contained and compressed with a magnetic
growth formed on the metallization surface. field
tint  the intensity of color. The name for a
non-dominant color. tolerance (1) the total amount by which

a quantity is allowed to vary; thus the toler-

TLB  Seeranslation lookaside buffer ance is the algebraic difference between the

maximum and minimum limits.

TLM  Sedransmission line measurement . . .
In the design of microwave component, it

is important to perform a tolerance analysis
in order to ascertain if a given component
will also satisfy specifications when taking

TMwave Sedransverse magneticwave Manufacturing tolerances into account.

(2) the amount of error allowable in an

T™I refers to an accident at the Three approximation.

Mile Island nuclear plant in 1979.

TOCrelay Seetime overcurrentrelay ~ Tomlinson precoding  a transmitter pre-
coding method that compensates for inter-

Toeplitz matrix ~ a matrix with the prop-  symbol interference introduced by a disper-
erty thatitis symmetricand thie jthelement ~ sive channel. The purpose is to move the
is a function of(i — j). The Toeplitz nature feedback filterF (z) of a decision-feedback
of autocorrelation matrices of wide-sense sta-equalizer to the transmitter. The purpose of
tionary discrete time random processes is exthe mod 2/ operation is to satisfy the trans-
ploited extensively in minimum mean square Mitted power constraint.

error prediction/estimation algorithms.

tomography  the process of forming a
cross-sectional view of an object by irra-
diating it from many directions and deduc-

toggle change of state fromlogic Oto logic
1, or from logic 1 to logic O, in a bistable

device. ing from the transmitted energies the interior
. . . structure of the object. This latter process
gg:\tpolnt See third-order intercept is known as reconstructing an image from

its projections. Tomography can provide a
very detailed map of the inside of an object
and has revolutionized medical diagnostics.
Also known as computed tomography (CT).
See als@rojection fan beam reconstruction
Rada transform

token  device that generates or assists in
generation of one-time security code/pass-
words.

token bus a method of sharing a bus-type

communications medium that uses a token
to schedule access to the medium. When aone control  aresistance-capacitance net-
particular station has completed its use of thework used to alter the frequency response
token, it broadcasts the token on the bus, andbf an amplifier by accentuating or attenuat-
the station to which it is addressed takes con-ing the bass or treble portion of the audio-

trol of the medium. Also called tokenring. frequerty spectrum Seefigure
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AMPLIFIER AMPLIFIER

TONE CONTROL

tone control

tool space space of a 6< 1 vector repre-

top surface imaging  a resist imaging
method whereby the chemical changes of ex-
posure take place only in a very thin layer at
the top of the resist.

topologicalmap an organization of nodes

in which the similarity of any two nodes is a
function of their distance from each other on
the map. For example, with a 2-dimensional
grid, Euclidean distance can be used as the
distance betweentwo nodes. Usedinthe self-
organizing map.

senting the positions and orientations of the 0P0I0gy preserving skeleton  resultof an

tool or end effector of the robot.

top-down development an application

development methodology that begins at a
high level of abstraction and works through

successively more detailed levels.

top antireflective coating (TAR)  a thin

operation transforming a digital figure into
a one-pixel wide skeleton having the same
“topology,” in other words, whose connected
components and holes correspond in a one-
to-one way with those of the figure. This is
generally achieved by homotopic thinning.
The medial axis transform or distance skele-
ton preserves the topology of a figure (binary
image) in the Euclidean case, but not in the

film coated on top of the photoresist used to gjgjtal case; the same defect arises with the

face and thus reduce swing curves.

top hat transform a transform used in
mathematical morphology. Let be a struc-

turing element centered about the origin, and

for every pixelp, let A, be its translate by.

The top hat transform measures the extent bytoroidal deflection yoke

which in a given gray-level imagethe gray-
levels of pixels inA , are higher than those in
the portion surroundingt,. One way is to
take the arithmetical difference— (1 o A)
between/ and the opening o A of I by A;

in a dual form, one takes the arithmetic dif-
ference(l o A) — I between the closingje A

of I by A and/. Another method considers
a second structuring elemeBtwhich forms

a ring surroundingd, and at each pixel one

thickening

tornadotron
lical beam.

a gyrotron with a simple he-

magnetic deflec-
tion yoke wound on a toroid core contain-
ing a split winding; one-half winding placed
on opposite sides of the toroid. The yoke
winding interconnection creates an opposing
flux from each winding within the toroid and
an aiding flux within the toroid inner diame-
ter that causes the deflection of the electron
beam. The toroid deflection yoke has a low
inductance for compatibility with semicon-
ductor deflection systems and permits precise

computes the arithmetic difference between acontrol of the winding placement to obtain a

“representitive” gray-level im , (either min-

uniform magnetic deflection field. A hori-

imum, maximum, median, or average) and azontal toroidal deflection yoke, in combina-

“representitive” gray-level iB, (either min-
imum, maximum, median, or averagejee
closing opening structuring element
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tion with the in-line electron gun, permits the
construction of an inherent self-converging
color TV display system.
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torque  the product of a force acting at a total harmonic distortion (THD) an in-

distance. The output of an electric motor.  dex that quantifies the amount of distortion in
the voltage or current waveform with respect

torque angle the displacement angle be- to the fundamental component.

tween the rotor and rotating magnetic flux

of the stator due to increases in shaft load 1\
in a synchronous machineSee alsgpower %T DDi = 100 x Z (1—)
angle htl ML

torque pulsation  oscillating torque pro- o _ _
duced by the interaction between the air gaptotal harmonic distortion disturbance level
flux, consisting mainly of the fundamen- @an electromagnetic disturbance level due to

tal component, and the fluxes produced byall emissions from equipment in a system.
harmonics in the rotor. Torque pulsations This is expressed as aratio of the RMS value
can stimulate complex mechanical vibrations Of the harmonic content to the RMS of the

that can flex and damage rotor and turbine el-fundamental and is calculated as a percent-
ements. age of the fundamental component.

torque ripple in variable speed motor total internal reflection when light is

drives, refers to the torque not being smoothincident on a boundary between two media
as the rotor moves from one position to an- Tom the one having the higher refractive in-
other. Torque ripple may be produced from dex,n1, then the angle of refraction is larger

space harmonics within the machine or time than the angle of incidence. At an angle
harmonics generated by the supply. of incidence times arc siny/n1) the light
is totally reflected and remains in the denser

torque servo  a servo where the output Medium-

torque is the controlled variable and the op-
erating speed depends on the load tordbee
alsoserva

total reflection  the phenomenon where a
wave impinging on a certain medium inter-
face s totally reflected without being damped
by and without penetrating the boundary

torus  adonut-shaped magnetic core used .
medium.

in electric transformers.

totem-pole output  the standard output of
transistor—transistor logic (TTL) gates con-
sisting of two bipolar junction transistor in se-
ries between the source voltage and common.
In normal operation, either one is driven into
saturation while the other is at cutoff; alter-
nating these conditions changes the output

Z(I—h>2 logic level.

iz \UmL . .
G touch input a means for selecting a loca-

tion on the surface of the display unit using

a variety of technologies that can respond to
total efficiency  dimensionless ratio of the the placing of a finger or other pointing de-
total RF power delivered to a load versus the vice onthe surface. These are essentially data
total DC and RF incident power into the am- panels placed either on the display surface or
plifier. between the user and the display surface.

total demand distortion (TDD) an in-
dex that quantifies the amount of distortion in
the voltage or current waveform with respect
to the maximum 60-Hz demand load current
Iy, over a 15-30 minute demand period.

%T DDi = 100 x
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touch screen a specialized type of video trace length  the physical distance be-

display where a control circuit is actuated tween electronic components connected by

when areas of the display are touched by ones circuit path.

finger or similar object. The types of touch

screentechnology include capacitive overlay, trace loading  the electronic load on a cir-

force vector, guided acoustic wave, resistive cuit path.

overlay, scanning infrared, strain gage and

surface acoustic wave. tracing  in software engineering, the pro-
cess of capturing the stream of instructions,

touchvoltage usedinpower systemsafety referred to as the trace, for later analysis.

studies, the voltage between any two conduc-

tive surfaces which can be touched simulta-track  a narrow annulus or ring-like region

neously by a person. on a disk surface, scanned by the read/write
head during one revolution of the spindle; the

tower  a structure for elevating electric data bits of magnetic and optical disks are

transmission lines, distinguished from a pole stored sequentially along these tracks. The

cf by its greater height and structural com- disk is covered either with concentric rings

plexity. of densely packed circular tracks or with one
_ _ _ continuous, fine-pitched spiral trackSee
TPBVP in optimal control ~ two-point  zlso magnetic disk trackoptical disk track

boundary value problem resulting from nec- magnets tape .

essary conditions for control optimality given

by the Pontryagin maximum principle. For track buffer ~ a memory buffer embedded
continuous-time control systems describedin the disk drive. It can hold the contents of
by the state equation in the form the current disk track.

X = flx,u,1);x (fo) = xo trackball  the earliest version of an input
device using a roller ball, differing from the
mouse in that the ball is contained in a unit
t that can remain in a fixed position while the
J =f Lx,u,t)dt +q (x(tf),tf) ball is rotated. It is sometimes referred to
fo as an upside-down mouse, but the reverse is
where x, u are respectively state and con- more appropriate, as the trackball came first.
trol vectors,[1o, t¢] is an optimization hori-
zon andf, L, g are sufficiently smooth func- tracking  conduction along the surface of
tions of appropriate dimensions, the TPBVP an insulator and especially the establishment
is given by the state equation and costateof a carbonized conduction path along the

with performance index defined as

equation defined as follows: surface of a polymer insulator.
_ 0HG&u,p,1) tracking bandwidth ~ Seelock range
N ox ’
g (x (,f) , ,f)’ traffic channel  a channel in a commu-
p (ff) =T o nication network that is used to carry the

main information or service, which is typi-
whereH (x, u, p,t) = L(x,u, t)+p' () f (x, cally voice, data, video, etcCompare with
u, t) is a Hamiltonianp is a costate vector, control channel
u should be found by minimizing the Hamil-
tonian withx found from the state equation traffic decomposition the decomposition
driven by the optimai. approximates the steady-state behavior of the

©2000 by CRC Press LLC



traffic by “decomposing” it into long- and 4. Repeat the above process until all the

short-term behavior. training examples are exhausted. One train-
ing epoch has been completed at this point,

trailing edge when a pulse waveform and more than one epoch may be required for

switches from high to low, it is called a trail- the network of neural networks to reach an

ing edge. equilibrium. See alsaelf-generating neural
network

trailing-edge triggered  a device that is

activated by the trailing edge of a signal. ~ training procedure  the method of calcu-
lating the set of free parameters of a function

trainability  the property of an algorithm given a set of training data.

or process by which it can be trained on sam-

ple data and thus rendered adaptable to differfraining sequence  a sequence of trans-

ent situations.See alsdraining procedurge mitted symbols known at the receiver, which

canceller.

training algorithm of self-generating neu- . ,

ral network  given as follows: training set data used as the basis for
determining the best set of free parame-
ters. Typically used in iterative training al-

gorithms.

1. Initially, the network contains nothing.
When the first training example comes in, the
system creates a neuron for it.

2. When a new training example comes trajectory
in, the neurons in the hierarchy are examined
for similarity to the training example, hierar-
chically from the root(s). Each time, the last
winner and all the neurons in its child net- trajectory planning
works are examined to find a new winner. If

a path on which a time law is
specified for instance in terms of velocities
and/or accelerations at each point.

atrajectory planning

; : ! algorithm is the path description, the path
the new winner is the old winner, the exam- ¢qnstraints imposed by manipulator dynam-
ination stops and the old winner is the final ;. 55 inputs and position, velocity, and ac-

winner; otherwise, the new winner and its g|erations of the joint (end-effector) trajec-
child network are examined until a leaf node tories as the outputSee alspath

is found to be the winner. During this pro-

cess, the weights of all the winners and their g angceiver  a device that can serve as both
neighbors should be updated according to the, ., nsmitter and receiver.

same rule as that of self-organizing network.

After the final winner is found, the network (4nsco contraction of "transmission

structure should be updated according to thecompany," a firm which owns electric power

following rules: transmission lines but does not engage in
3. If the winner is a terminal node (i.e., it power generation or distribution.
has no child network(s)), generate two new
neurons, and copy the training vector andtransconductance  a quantity used to
the original winner into them, respectively. specify a field-effect transistor, defined as the
Make them as two neurons in a new child differential change in drain current upon a
network of the updated winner. differential change in gate voltage.
If the winner is a nonterminal node (i.e., it
has a child network), generate only one neu-transducer  a device that converts a phys-
ron, copy the training vector into it, and put ical quantity into an electrical signal. Typi-
it in the child network of the updated winner. cally, transducers are electromechanical en-
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ergy conversion devices used for measurefunction matrix to a state space model hav-
ment or control. Transducers generally oper-ing the same input—output behavi@ee also
ate under linear input-output conditions and state space model Equivalent pulse trans-
with relatively small signals. Examples in- ferfunction models exist for digital (discrete-
clude microphones, pickups, and loudspeak-time) systems:

ers.

8(x) =
bo + b1z + baz? + b3z® + - - + b
ao + a1z + azz? + azz® + - - + apz™

transducer gain  ratio of the power deliv-
ered to the load to the power available from
the source.

where the polynomials are based on the z-
transform. Though not as common, these
can also be collected into matrices for MIMO

transfer characteristiccurve  oneofaset SySteéms to form pulse transfer function ma-

of device curves derived from the expression rices. See alsaz-transformand modified

for the output current as a function of the Z-transform
input voltage. (2) the Fourier transform of the output sig-

nal divided by the Fourier transform of the
transfer function (1) a mathematical inputsignal. Alternatively, the Fourier trans-
model that defines the relationship betweenform of the impulse response function.
the output and the input of a linear system.
It is usually expressed as the ratio of the transfer matrix  of linear stationary con-
Laplace transform of the output function di- tinuous time dynamical systerk,(s) repre-
vided by the Laplace transform of the input sents controllable and observable part of dy-
function. A typical transfer function model namical system and is defined by the equality
has the form

transducer power gain  Seetransducer
gain

K(s)=C(sI—A)B+D

g(s) =
bo + bis + bos? + bas® + -+ + by s™ for systems withw: inputs andy outputsk (s)
ag + ais + azs? + azs3+ - + aps™ is g x m dimensional matrix.

without deadtime, or transferrate  a measure of the number of

g(s) = bits that can be transferred between devices
bo -+ bys + bas? + bas3 + - - - + by s™ . in a unit of time.

e

ao +ays +dps? +ags® + -+ dps™ transfer time  in a hierarchical memory
with deadtime. The numerator and denom- system, the time required to move a block
inator polynomials are co-prime and the co- between two levels.
efficients are real constants. For causality,
the order of the numerator polynomial must transform  the process of converting data
not exceed that of the denominatet < n from one form into another. Often used to
). For larger systems with multiple inputs signify a system that rotates the coordinate
and outputs, the concept is generalized to aaxes. Examples of transforms include the
transfer function matrix in which eadh, ;) Fourier transform and the discrete Fourier
element is a simple transfer function that de- transform. A discrete linear transform can
fines how outputi) is affected by input;). be described as a product of the input vector
Although not uniquely defined, itis possible with a transform matrixSee alsdransform
to transform any transfer function or transfer kernel

©2000 by CRC Press LLC



transform coding  a method for source to secondary voltages are related by the turns
coding similar to subband coding. The in- ratio of the coils. The corresponding currents
put signal is transformed into an alternative are related inversely by the same ratio.
representation, using an invertible transform

(e.g., the Fourier transform), and the quan-transformer differential relay a differ-
tization is then performed in the transform ential relay specifically designed to protect
domain. The method utilizes the fact that transformers. In particular, transformer dif-
enhanced compression can then be obtainederential relays must deal with current trans-
by focusing (only) on “important” transform former turns ratio error and transformer in-
parameters. rush and excitation current.

transform kernel  a function that is mul-  transformer fuse  afuse employed to iso-

tiplied with an input function: the result of late a transformer from the power system in

which is integrated or summed to form a the eventofatransformer fault or heavy over-

transformed output. For example in the def- load.

inition of the continuous Fourier transform

the kernel ise=7%* and in the definition of transformer vault  a fireproof enclosure

the discrete Fourier transform the kernel is in which power transformers containing oil

e—J2mnm/N must be mounted if used underground or in-
doors.

transform vector quantization  the gen-

eralization of scalar transform coding to vec- transient (1) the behavior exhibited by a

tor coding.See alsdransform coding linear system that is operating in steady state
in moving from one steady state to another.
transform VQ See transform vector For stable systems, the transient will decay
guantization while for unstable system it will not, and
thus the latter never reach another steady-
transform-based heirarchical coding state operation.See alscsettling timeand

use of heirarchically compacted image en-time constant
ergies to allow recognizable reconstruction  (2) any signal or condition that exists only
with a relatively small amount of data. for a short time.
(3) an electrical disturbance, usually on a

transformation ratio dimensionless ra- power line.
tio of the real parts of the load and source  (4) refers to momentary overvoltages or
impedance. voltage reductions in an electric power sys-

tem due to lightning, line switching, motor
transformed circuit an original circuit  starting, and other temporary phenomena.
with the currents, voltages, sources, and pas-
sive elements replaced by transformed equiv-transient current the fault current that
alents. flows during the transient period when the

machine apparent impedance is the transient
transformer  adevice that has two or more impedance.
coils wound on an iron core. Transformers
provide an efficient means of changing volt- transient fault a fault that can appear
age and current levels, and make the bulk(e.g., caused by electrical noise) and disap-
power transmission system practical. The pear within some short period of time.
transformer primary is the winding that ac-
cepts power, and the transformer secondary igransient impedance  the series impe-
the winding that delivers power. The primary dance that a generator or motor exhibits fol-
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lowing the subtransient period but prior to the pass and stop bands are critical. A longer fil-
steady-state situation. ter length generally implies that the filter can
have a steeper transition band to a similarly
transientopen-circuittime constant See  shaped shorter length filter.
guadrature-axigransient open-circuittime
constant anddirect-axistransientopen-circuit transition lifetime  coefficient represent-
time constant ing the time after which a population of atoms
in an excited state may be expected to fall
transientoperation  apower systemoper- to 1/ of its initial value due to stimulated
ating under abnormal conditions because ofand spontaneous processes as well as inelas-
a disturbance. tic collisions. See als@pontaneous lifetime
transition rate
transientreactance the reactance offered
for the transient currents in synchronous ma-transition matrix of 2-D Fornasini—
chines. Referred to by the symb&l, the  Marchesini model for
transient reactance is a function of the sta-
tor frequency and the transient inductance.
X, is comparatively smaller in comparison
to the steady-state inductive reactance of the
machine.

Xit1,j+1 = A1xip1,j + Aoxi jy1
+ Biuiy1,j + Bouj j+1

i, j € Z4 (the set of nonnegative integers) is

transient short-circuit time constant defined as follows:

See quadrature-asi subtransient short-circut
time constart and direct-axs transiem short
circuit time constant T;j =

I,fori=j=0
ATy j 1+ A2
fori,jeZ (i+j#0

transient stability  the ability of a power Ofori <0or/andj <0

system to remain stable following a system wherex;; € R" isthe local state vectay,; €

disturbance. R™ is the input vectorAy, By (k = 1, 2) are
real matrices.

transient suppressor a device connected

to a piece of sensitive electrical equipment transition matrix of 2-D general model

to reduce the amplitude of transient voltage for

excursions, thus protecting the equipment.

Xi+1,j+1 = Aoxij + A1xi41,j
+ Aox; j41 + Bouij
+ Bauiy1,j + Boui,j4+1

transistor—transistor logic (TTL)  atran-
sistor technology in which the output of a
logic gate is amplified in going from 0 to 1
as well as from 1 to 0.

i, j € Z4 (the set of nonnegative integers) is
transittime  the average time in seconds defined as follows:
required for an electron to move between two

specified surfaces. Ifori=j=0

. _ JAoTir 1+ A1l j14+ AoTi
transition band  the portion of the fre- N fo“’,f €Zy (i+j#0
guency spectrum where a filter changes from Ofori <0 orfandj <0
a stop filter to a pass filter or vice versa. The The transition matrix of the first 2-D
steepness of the transition band is often aFornasini-Marchesini modelis defined in the
measure of the quality of a filter, where the same way.
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transition matrix of 2-D Roesser model TLB eventually returns a real address. The
denotedr;;, TLB may be fully associative, set associative,
or hashed.

X,h_‘_lyj _ | A1 A2 )Cihj B1|
v = v |+ Ujj .
Xij+1 A3z Ag ]| xj; B> translator  anunattended television or FM
broadcast repeater that receives a distant sig-

nal and retransmits the picture and/or audio
locally on another channel.

i, j € Z, (the set of nonnegative integers) is
defined as follows:

I,fori=j=0

Avdel iz j=0 transmission (1) the act of sending infor-
00 mation from one location to another.
Tij = f /? fori=0, j=1and (2) transformation of an optical wave in-
3 Asg

cident on a surface that passes a portion of
the wave to the medium behind the surface.

(3) that class of electric power system
work which is concerned with the transport
wherex/; € R" andx}; € R"2 are the hori-  of electric power from the generator to the
zontal and vertical state vectors; € R™is  area of consumption. The circuits of interest
the input vectorAs, Az, As, As, B1, B2are  typically extend at the generating station and
real matrices. terminate at the local substation.

T1oTi-1,j + ToaT;, j—1
fori,jeZy (i+j+#0)
0 fori <Qor/andj <0

transition rate  rate at which atoms un-  yansmission coefficient  a number that
dergo transitions from one level to another yeqcripes the relative amplitude and phase of
due to stimulated and spontaneous processeg,q transmitted wave with respect to the in-
as well as inelastic collisions; reciprocal of qent wave. The term is usually used in the
transition lifetime. context of wave transmission at a material

. . . interface or transmission line.
transition region  the region of the I-V

curve(s) of adevice between the ohmicregion o . . .

T ; transmission grating  a diffraction grat-
and the current source region, in which the . . o :
slope of the I-V curve(s) is rapidly changin ing that operates in transmission, i.e., the

b I ApIaly 99 iftracted light is obtained by shining light
as it transitions from the resistance region to

the current source region. through the grating.

translation  a geometric transformation transmission line (1) an arrangement of
which simply adds an offset to the pixel co- two or more conductors used to convey elec-

ordinates of an image. tromagnetic energy from one point to an-
other.
translation lookaside buffer (TLB)  es- (2) conductive connections that guide sig-

sentially a small fully associative address- nal power between circuit elements.

cache used to provide fast address translation

for the most used virtual addresses. The TLBtransmission line coupler  passive cou-

is associatively searched on a virtual addresspler composed of two or more transmissions
and in the event of a hit, it returns the corre- spaced closely together where the proxim-
sponding real address. In the event of a missjty of the transmission lines allows signals

if the addressed page is in main memory, thento be coupled or transferred in part from one
a TLB entry is made for it; otherwise the page line to the other. The electrical length of the

is first brought in after a page fault and then transmission lines is usually one quarter of a
the TLB entry is made. In either case, the wavelength.
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transmission line filter ~ a microwave de- transmit/receive (T/R) switch  a single-

vice that is made up of sections of transmis- pole double-throw (SPDT) switch, connected

sion lines so as to act as a filter in the mi- to the antenna feed. It is used to prevent de-

crowave frequency range. struction of the receiver from the transmit RF
power.

transmission line measurement (TLM) ) )

an experimental technique to measure thelf@nsmittance  ratio of the complex am-
specific contact resistance of a metal ohmicPlitude of a transmitted wave to the com-
contact on a semiconductor with a set of vari- P1€x amplitude of the corresponding incident
able spaced transmission lines. wave at a transmitting surface.

transmitter ~ equipment used to generate

transmission line parameters  parame-  gn RF carrier signal, modulate this signal and
ters that describe the electrical response of §44iate it into space.

transmission line. These consists of one de-

scribing the characteristic impedan¢é énd transparent code  a code in which the

another describing the complex propagationcommement of every codeword also is a
constant{). The complex propagation con- g4eword.

stant is sometimes defined independently in
terms of two separate parameters, one deﬁntransparent mode  a mode of a bistable

ing the real part¢) and a second one defining jeyice where an output responds to datainput
the imaginary part£) of the complex con-  gjgna| changes.

stant.

transposition (1) the practice of twisting
transmission line resonator  resonator athree-phase power line so that, for example,
formed by a transmission line. phase Atakes the place on the tower formerly

occupied by phase B, phase B takes the place
transmission matrix for a microwave of phase C, and phase C occupies the former

network, a matrix that gives the output quan- POSition of phase A. .

tities in terms of the input quantities, when _ (2) @pointon athree-phase electric power
the input/output quantities are linearly depen- ine where the conductors are physically
dent. When voltages and currents are chosen{f@nsposed for purposes of improving circuit
itis called voltage—current transmission ma- Palance

trix. If incident and reflected waves are cho-

sen, itis called wave amplitude transmission {fansputer  a class of CPU designed and
matrix. manufactured by Inmos Corporation. The

transputer was specifically designed to be

. . used in arrays for parallel processing.
transmission system a transmission sys-

tem transfers the motion from the actuator to transverse electric (TE)

i referring to
the joint.

fields or waves in which the electric field has
nonzero vector components only in the plane
transmissivity  a property that describes perpendicular (transverse) to a specified axis,
the transmitted energy as a function of the usually a coordinate axis.

incident energy of an EM wave and a mate-

rial body. The property may be quantified in transverse electricmode mode havingno
terms of the magnitude of the transmission longitudinal component of the electric field
coefficient or the ratio of the incident to the (no component in the direction of propaga-
transmitted field. tion). Generally referred to as TE mode.
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transverse electric polarization  polar-  transverse magnetic wave the wave so-

ization state of a transverse electric (TE) lutions with zero magnetic field component

mode. Also called TE polarization. in the direction of propagation. Also known
as TM wave and E-modes.

transverse electricwave electromagnetic

waves polarized so that the electric field in- transverse mode  term (somewhat mis-

tensity vector is perpendicular to the direc- leading) used in referring to the transverse

tion of propagation_ The wave solutions have Structure or indices of the mode of a laser

zero electric field component in the direction Oscillator.

of propagation. Also known as TE-wave or
H-mode. transverse mode-locking  forcing the

transverse modes of a laser to be equally

transverse electromagnetic (TEM) re-  SPaced in frequency and have a fixed phase
ferring to fields or waves in which both the relationship; useful for obtaining a scanning
electric and magnetic fields have nonzero©UtPut beam oscillator.

vector components only in the plane perpen-
dicular (transverse) to a specified axis, usu-
ally a coordinate axis. In a TEM wave, the
electric and magnetic fields are perpendicular
to each other and to the direction of propaga-
tion.

transverse resonance atechnique usedin
order to find the modes of closed waveguides.

transverse-excitation-atmospheric (TEA)
laser high pressure (sometimes atmo-
spheric pressure or higher) gas laser excited
by a discharge in which the current flow is
transverse to the direction of propagation of
the laser beam; useful for very high power
pulsed applications.

transverse electromagnetic mode elec-
tromagnetic wave propagation mode in
which electric and magnetic fields are trans-
verse to the direction of propagation (i.e., no
radial field components). TEM mode prop-
agation is a characteristic of antenna radia-
tion in the far-field and of transmission-line
propagation below the cutoff frequency of the
higher order modes.

rap (1) in microelectronics, an imper-
fection in a semiconducting material that can
capture a free electron or hole.

(2) in computers, a machine operation
consisting of a hardware-generated interrupt
or subroutine call thatis invoked in the case of

transverse electromagnetic wave the  g,me error condition, for example, encoun-
electric and magnetic field components alongtering an unimplemented instruction code in

in the direction of propagation are zero. Ab- . instruction streanSee als@xception
breviated TEM wave.

TRAPATT diode acronym for trapped
transverse excitation  laser pumping pro-  plasma avalanche transit time, a microwave
cess in which the pump power is introduced diode that uses a high field generated
into the amplifying medium in a direction electron-hole plasma and the resulting diffu-
perpendicular to the direction of propagation sjon of these carriers to the contacts to create
of the resulting laser radiation. amicrowave negative resistance, used as high

power, high efficiency RF power sources.
transverse magnetic (TM)  referring to
fields or waves in which the magnetic field trapezoidal pattern a signal produced
has nonzero vector components only in theon an oscilloscope by applying an amplitude
plane perpendicular (transverse) to a speci-modulated signal to the horizontal input and
fied axis, usually a coordinate axis. the modulating signal to the vertical input.
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By measuring the maximum and minimum tree structure robots  a set of rigid bod-
height of the resulting trapezoid, the modu- ies connected by joints forming a topological
lation index may be obtained. tree is called a tree structure robot.

trapped wave ~ Seebound mode tree structured vector quantization
scheme to reduce the search processes for
travelingwave  an electromagnetic signal finding the minimum distortion codevector
that propagates energy through space or a diysing a tree structured codebook, where each
electric material. node hasm branches and there are =

log,, N levels of the tree. Abbreviated tree
traveling wave amplifier  the principle of  structured VQ.

traveling-wave amplification is a technique
forincreasing the gain-bandwidth product of e stryctured VQ — Seetree structured
an amplifier. The input and output capac- vector quantization

itances of discrete transistors are combined
with lumped inductors and form artificial

ission li I th - o )
transmission fines, coupled by the transduc used in distribution work along tree-lined

tances of the devices. The amplifier can bestreets The insulation is sufficient to with-
designed to give a flat, lowpass response up '

. . . stand a brush from a tree branch.
to very high frequencies. Sometimes called
a traveling wave tube amplifier (TWTA).

tree wire a thinly-insulated conductor

tree-search algorithms for searching
a method of through a tree-structured problem based on
a certain cost function, or metric, increment
associated with each branch of the tree.

traveling wave excitation
pumping in which the excitation travels along
the lasing axis at or near the velocity of light
in order to pump short-lived transitions just

prior to stimulation. trellis code  a (channel) coding scheme
in which the relation between information

traveling wave tube amplifier (TWTA) symbols and coded symbols is determined

Seetraveling wave amplifier by a finite-state machine. The current block

of information symbols and the state (in
tree (1) a connected subgraph of a given the finite-state machine) uniquely determine
connected graph G which contains all the ver-the block of coded output symbols as well
tices of G but no circuits. as the next state. Thus, trellis coding can

(2) a form of microscopic cracking which be viewed as generalized block coding for
forms in flexible cable insulation. It is typ- Which the encoder function depends on the

ically a precursor of insulation failureSee ~ current as well as previous blocks of non-

water treeelectrical tree overlapping information symbols. In the
class of trellis codes we, for example, find

tree code acode produced by a coder that convolutional codes, trellis-coded modula-

has memory. tion and continuous-phase modulatioBee
alsoconvolutional code

tree coding  old name forconvolutional

coding. trellis coded modulation  a forward error
control technigue in which redundancy is in-

tree network  limited connection of sub- troduced intothe source streamthroughanin-

scriber nodes to a central control or distri- creasein number of symbolvalues rather than

bution unit via other subscriber nodes in the an increase in the number of symbols. De-

network. veloped by G. Ungerboeck in the late 1970s,
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this approach has found widespread use inpower control with resistive loads, such as in

systems with limited bandwidth. light dimmers.

trellis coding  Seetrellis code triangle function  abinary operation on
distance distribution functions that is com-

trellis diagram in convolutional codes mutative, associative, and nondecreasing in

and trellis coded modulation, a graphical each place, i.e., satisfying the following rela-
depiction of all valid encoded symbol se- tionships:
guences, and the basis for the Viterbi decod- “(F.G) = (G F) :

ing algorithm.
(F,G) <t(H,K)

trellis search  an algorithm for searching < F<HG<K,;
through atrellis-structured problembasedon  +(:(r, G), H) = ©(F, (G, H));
a certain cost function, or metric, increment
associated with each branch of the trellis. WFD=F
for any distance distribution functiorfs, G,
trellis vector quantization ~ a method for g, K and the unit step functioh. The tri-
structured vector quantization, where the in- angle functions defines a triangle inequality
put signal is classified and coded in a mannerin the given probabilistic metric space. The
described by a mathematical structure knownmost important triangle functions are defined
as a “trellis.” Abbreviated trellis VQ. by convolutions or are induced by triangular
norms.
trellisVQ  Sedrellis vector quantization
triangular co-norm  denoted+, is a two
trench isolation  condition in which par-  place function from0, 1] x [0, 1] to [0, 1].
asitic MOSFETs are formed between tran- The most used triangular co-norm is the
sistors sharing a common substrate whenunionv defined as

polysilicon or metal layers run between the
two. pmave = max{ua(x), ppx)},

tri-state circuit  a logic circuit that can  WhereA andB are two fuzzy sets in the uni-

assume three output states, corresponding t§€S€ Of discourse. , N
ZERO, ONE, and OFF. Tri-state circuits are 1€ triangular co-normis used as disjunc-
used to place signals on a bus where only ondo" In the approximate reasoning, and re-
signal source is allowed to be active atatime.duces_ to the classical OR, when applied to
Using this type of device, there may be sev- WO Crisp (nonfuzzy) sets. _

eral sources that have the ability to send sig- See alsoapproximate reasoninguzzy
nals to the same receiver, at different times. S€t

triangularnorm (1) infuzzy systems, de-
noted«, a two place function fronfio, 1] x
[0, 1] to [0,1]. The most used triangular
norms are the intersectionand the algebric
product- defined as

tri-state logic ~ Seetri-state circuit

triac  a power switch that is functionally a
pair of converter-grade thyristors connected
in anti-parallel. Triacs are mainly used in
phase control applications such as dimmer ;. » = min{us(x), ug(x)}, and
switches for lighting. Because of the integra-
tion, the triac has poor reappliga /d¢, poor
gate current sensitivity at turn-on, and longer whereA andB are two fuzzy sets in the uni-
turn-ontime. They are primarily used for AC verse of discoursg.

map = pma(x)up(x),
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The triangular normis used as conjunction triple transitecho (TTE)  amultiple tran-
in the approximate reasoning, and reduces tcsit echo received at three times the main SAW
the classical AND. when applied to two crisp signal delay time. The echo is caused due to

(nonfuzzy) sets. the bidirectional nature of SAW transducers
See alsoapproximate reasoninguzzy  and the electrical and/or acoustic mismatch
set at the respective ports. This is a primary de-

(2)incontrol, afunctior” fromthe closed lay signal distortion which can cause filter
unit square into the closed unit interval en- distortion, especially in bidirectional trans-
dowed with the following properties: ducers and filters.

T(a,b) =T(b,a); T(a,b) <T(cd) triplen harmonics  the frequency compo-
nents which have a frequency of multiple of
three times the frequency of the fundamen-
tal. These voltages are in phase in all three
windings of a three-phase transformer and
peak simultaneously. Delta connection on
the other side provides a closed path for the
flow of triple harmonic currents.

=a<c,b<d;
T(@, 1) =a;T(T(a,b),c)=T(a,Tb,c));

for all a, b, c,d € [0, 1]. The most impor-
tant triangular normst{norms) are defined
by product of two numbers, operation of tak-
ing the smaller one of two numbers and a

family of 7; given by triplex cable a cable used for residen-

(54— 1) (s — 1)> tial or commercial service drops consisting

T of two or three insulated conductors spiralled
5 —

around a bare neutral wire which provides

t-norms are used to define a triangle inequal-support for the cable.

ity in the family of probabilistic metric spaces

called statistical metric spaces, which may pelristimulus value  one value in tristimulus
considered as uncertain counterparts of metolor theory. Tristimulus color theory stems
ric spaces. Different triangular norms are from the hypothesis that the human eye has
used as composition operators in fuzzy sys-three types of color receptors (cones) that

tems, although the standard operation is denave peak sensitivity in the red, green and
fined by minimum. blue visible light wavelengths respectively.

The tristimulus color values are a set of three
triangularwindow  SeeBartlettwindow  Vvalues X, Y, and Z which replace the red,

green, and blue intensities with a weighted
trigger  in oscilloscopes and logic analyz- integral which calculates a spectral energy
ers, the “trigger” signal is used to notify the over the range of visible wavelengths of light
system that a certain event has occurred, andor each value; the integrals allow for col-

Ty(a, b) = log, <1+

data acquisition should commence. ors to be represented purely additively, while
representing colors via red, green and blue
trim condition ~ Seeset point intensities often requires a subtractive inter-

action between the “primaries.”
trinocular vision  avision model in which
points in a scene are projected onto three dif-troposphere  the region of the atmosphere

ferent image planes. within about 10 km of the Earth’s surface.
Within this region, the wireless radio channel
triode region  Seeohmic region is modified relative to free space conditions

by weather conditions, pollution, dust parti-
tripcoil  asolenoidinacircuitbreakerthat cles, etc. These inhomogeneities act as point
initiates breaker opening when energized. scatterers, which deflect radio waves down-
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ward to reach the receiving antennas, therebytruth model  a very detailed mathemati-

providing tropospheric scatter propagation. cal description of a process to be controlled.
The truth model is also called tlsgmulation

trouble ticket ~ a complaint made by acus- mode] since it is used in simulation studies

tomer regarding service. Its origins trace of the processSee alsaesign model

backto a paper work request which was given

to the service representative. truth table  a listing of the relationship of
a circuit’s output that is produced for various

true complement in a system that uses compinations of logic levels at the inputs.
binary (base 2) data negative numbers, the

true complement can be represented as 1'srg fuzzy model
complement of the positive number. This is Kang fuzzy model
also called a radix complement.

See Takagi—Sugeno—

TSK fuzzy model  SeeTakagi—Sugeno—

true concurrency See concurrency Kang fuzzy model

Compare withapparent concurrency

true data dependency the situation be- T1E  Seetriple transit echo

tween two sequential instructions in a pro-

gram when the first instruction produces a TTL ~ Seetransistor-transistor logic

result that is used as an input operand by the

second instruction. To obtain the desired re-tube leak  a crippling mishap in a steam
sult, the second instruction must not read thepower plant. High-pressure steam leaks from
location that will hold the result until the first @ cracked boiler tube with sufficient energy
has written its results to the location. Also to cut adjacent tubes.

called a read-after-write dependency and a

flow dependency. tunable laser laser in which the oscil-
lation frequency can be tuned over a wide
true efficiency  Seetotal efficiency range.

truncation  for a functionx (¢), truncation  tyned-circuit oscillators ~ Seel_C-oscilla-
is another function, usually denoted (r),  tor.

defined as follows:

xr(t) = x@®)t<T tuner  a circuit or device that may be set
T 0 >T to select one signal from a number of signals

See als@xtended space in a frequency band.

truncationerror  when numerically solv-  tuning elements  generally lossless ele-
ing the differential equations associated with ments (probes, screw, etc.) of adjustable
electrical circuits, approximation techniques Penetration extending through the wall of the
are used. The errors associated with the us&vaveguide or cavity resonator. By changing
of these methods are termed truncation errortheir position the reflection coefficient is ad-
Controlling the local and global truncation justing. See alsanatching elements
errors is an important part of a circuit simu-
lator's task. Limits on these errors are often tunnel diode  a PN diode structure that
given by the user of the program. uses band to band tunneling to produce a
terminal negative differential resistance, also
trunk  acommunication line between two called an Esaki diode after its inventor L.
switching nodes. Esaki.
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tunneling aphysical phenomenonwherebya Y-Y and a delta-Y transformer in order to
an electron can move instantly through a thin cancel the characteristic 5th and 7th harmon-
dielectric. ics of the 6-pulse converters. The lowest
characteristic harmonics with twelve-pulse
tunneling modes in an optical fiber, converters under balanced conditions are the
modes that are intermediate in attenuation11th and 13th harmonics. The converters are
between propagating modes and claddingconnected in parallel on the AC side and in
modes and may be sustained between 10'ither series or parallel on the DC side, de-
to 100's of meters. pending on the required DC output voltage.

turbidity  inverse of the length over which  yyenty-six connected Seevoxel adjacency
the energy of the light transmitted in the for-

ward direction decays te~! times its inci-

dence value. . .
twin-T bridge  represents a parallel con-

nection of two T-shape two-ports. Each such

: . . . two-port includes three impedances: two

convolutional coding technique introduced . . X
impedances are connected in series between

by Berrou, Glavieux, and Thitimajshima in . X
1993. These codes achieve astonishing perlnpUt and output of the two-port, and the third

formance through parallel encoding of the impedance is connected between ground and

. . the common point of two series impedances.
source symbol sequence and iterative se-

rial decoding of the demodulated symbol se- The_most Important in appI|c§tlons |s.atwm-
quence T bridge where one two-port is a series con-

nection of two resistors and a capacitor is
connected between their common point and
ground; the other two-port is a series con-
nection of two capacitors and a resistor is
connected between their common point and
ground. Thiscircuitis used as a passive rejec-
tion filter, and as a feedback circuit of some
active filters and oscillators.

turbo code the parallel concatenated

turbogenerator  a generator driven by a
steam-turbine engine.

turn-off snubber  an auxiliary circuit or
circuit element (consisting of a resistor and
capacitor) used in power electronic systems
to reduce thelv/dt during turn off.

turn-on snubber  an auxiliary circuit or  twin-T bridge oscillator an oscillator
circuit element (usually an inductor) used in Where the twin-T bridge is used as a feedback
power electronic systems to reduce the rateCircuit of an amplifier. The twin-T bridge
of rise or fall of the turn-on or turn off current has a very steep phase-frequency response in
to protect the power electronic device. the vicinity of the bridge rejection frequency,
and, with proper design, this may provide
turnsratio  the ratio ofthe numberofturns high indirect frequency stability. The most
between two coupled windings, e.g., for a problem-free design requires that the bridge
transformer, it is the ratio of number of turns transfer function has complex-conjugate ze-
of the primary winding to the number of turns 0S slightly shifted fromy w-axis into the right
of the secondary windings. For an induction half of s-plane. The amplifier should have a
machine, it is the ratio of the number of turns N€gative gain compensating the bridge losses

of the rotor winding. the bridge rejection frequency.

twelve-pulse converter the combination twisted nematic the alignments of the ne-
of two 6-pulse converters connected throughmatic planes are rotated through 90 degrees
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across the crystal by constraining alignmentstwo-beam coupling  any of several non-
to be orthogonal at the boundaries. linear optical processes involving two optical
beams in which energy is transferred from

twisted nematic liquid crystal  layered ©On€beamto the other.

electro-optic material that can be switched

between an electric-field-aligned state andtwo-channel coding a coding scheme in
the natural state with progressive rotation of Which a signal is decomposed into two parts:
polarization direction between layers, used in Iow frequency and high frequency compo-
thicknesses to rotate light polarization by 90 nents. The low frequency component is un-

degrees between polarizers, to produce lightdersampled and the high frequency compo-
modulation. nent is coarsely quantized, thus saving data.

It can be viewed as a special example of sub-

two-address computer  one of a class of band coding.

computers using two or fewer address in- . i
structions. two-channel filter bank  afilter bank that

has one high frequency band and one low
frequency band in both analysis and synthesis

two-addressinstruction aclassofassem- filters

bly language ALU instruction in which the
two operands are located in memory by theirtwo-de ree-of-freedom svstem  a linear
memory addresses. One of the two addresses 9 y

is also used to store the result of the ALU op- robust controller can consist qf two indepen-
eration dent parts. The feedback part’s transfer func-

tion Gy, is typically chosen so that distur-

bances acting on the process are attenuated
two-and-a-half-D sketch  a representa- and the closed-loop system is insensitive to
tion of the input image which is augmented process variations. The feedforward part’s
at every position by information relating to transfer functionG f is then chosen to the
3-D structure and which is deemed to consti- desired response to command signals. Such
tute a significant step on the way to human g system is called a two-degree-of-freedom
image interpretation. The name arises as thesystem because the controller has two trans-

basic representation is still 2-D, whereas it fer functions that can be chosen indepen-
is tagged with all available 3-D information: dently.

it is important in forming a bridge between

early (i.e., low level) visual processes and v q_gimensional acousto-optic processor

high level vision: It is strongly associateq an acousto-optic signal processing system

with the name of its developer, the late David typically utilizing the two orthogonal dimen-

Marr. sions (e.g.,x and y) of Cartesian space to
implement space and/or time based integra-

two-antenna gain measurement method tion.

technique based on Friis transmission for-

mula in which the gain of each of two as- two-dimensional correlator ~ a corre-

sumed to be identical antennas is calculatedator where both input signals are two-

from a measurement of the insertion loss be-dimensional, such as images.

tween the two antennas and the calculated

propagation loss. two-dimensional Fourier transform  an

operation performed optically by alens on an
two-band filter bank Seetwo-channel image placed at the front focal plane of the
filter bank lens; the complex Fourier transform output
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is represented by the light at the back focal rectly loadable object code because all the
plane. label values are determined in the first pass.

two-dimensional joint transform correla- ~ tWo-phase clock having two separate
tor  a type of optical correlator that em- clocksignals, one high while the other is low,
ploys two parallel paths, one for the input and vice-versa.

image and one for the reference image, in- ] ]
stead of an in-line cascadeSee alsgoint ~ tWo-photon absorption  a nonlinear op-
transform correlator tical process in which two photons are re-

moved simultaneously from a laser beam as
an atom makes a transition from its ground
to its excited state. The rate at which such
events occur is proportional to the square of
the intensity of the laser beam.

two-dimensional memory organization

memory organization in which the arrange-
ment on a single chip reflects the logical ar-
rangement of memory. In the most straight-
forward case, each address is presented %v
once in its entirety and decoded by a single
decoder. However, to reduce the number of
pins required for addressing, the address ma;P

be split into two parts that are then sentin Se'two-port memory  amemory system that

quence on the same lines. Then during thehas two access paths; one path is usually used

row access strobe, one part is used to select %ythe CPU and the other by I/O devices. This
“row” of the memory, and during the column is also called dual port memory
; g

access strobe the other part is used to selec
a “column” of the selected “row.” The “row”
output may be held in a buffer and the “col-
umn” access then applied to the contents of

the buffer. two-quadrant operation  operation of
In atwo-and-a-half dimensional organiza- a motor with a controller that can provide
tion, the bits of each word are spread acrosspower to run the motor and absorb power
several chips — one bit per chip in the most from the motor during deceleration (regen-
extreme case. Each chip is then equippederative braking). Two quadrant operation
with two decoders, each of which decodes provides improved efficiency if the motor is
part of a split address in order to carry out a started and stopped frequently.
selection on the chip.

o-port  a network with four accessible
terminals grouped in pairs, for example, in-
ut pair, output pair.

two-quadrant  adrivethatcanoperate asa
motor as well as a generator in one direction.

two-scale relation  in general, a linear
two-lamp synchronizing  the process to combination of the scaling functions of a
connect two three_phase power systems inwvavelet. It shows clearly how the function
para||e| using the same procedure as forbehaves at different resolutions. A general
three-|amp Synchronizing except that |arnpstWO-Sca|e relation could be expressed as
are placed across only two phases of the

. .. +o0

switch. See alsdhree-lamp synchronizing " (L) _ Z vt — 1)
2 k=—o00

two-pass assembler an assembler pro-
gram that makes two passes through thewherey is the scaling function and theare
source code to produce its output. The firstthe coefficients that define the wavelet.
pass determines all the referenced addresses
and the second pass produces the assembld@o-terminal  a network with two acces-
code. A two-pass assembler can produce di-sible terminals.
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two-wave mixing anonlinear optical pro- TWTA  traveling-wave tube amplifieGee

cess in which two beams of coherent light in- traveling wave amplifier

teract inside nonlinear media or photorefrac-

tive crystals. When two beams of coherent type-N connector named after P. Neill of

electromagnetic radiation intersect inside aBell labs, this coaxial connector has both a

nonlinear medium of a photorefractive crys- male and female version. The outer diameter

tal, the periodic variation of the intensity due of the female connector is approximately 5/8

to interference will induce a volume refrac- inch with an upper frequency range of about

tive index grating. The presence of such a18 GHz.

refractive index grating will then affect the

propagation of these two beams. This maytypical sequence for a given probability

lead to energy coupling. The coupling of the mass functiorp(x), a particular sequence of

two beams in nonlinear media is referred to lengthn chosen i.i.d. according tp(x) is

as two-wave mixing. typical if its empirical distribution is deemed
close to the true distribution. This notion is

two-way channel  two terminal channelin @IS0 generalized to include the comparison

which both terminals simultaneously trans- Of functions of the true and empirical dis-

mit and receive using the same channel, thugributions. For example, entropy-typical se-

disturbing each other’s transmissions. quences are used in proving coding theorems
in information theory.

two-way interleaved  in memory technol-
ogy, a technique that provides faster access
to memory values by interleaving memory
values in two separate modules.
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ultimate boundedness the property of the
solutions of a system equation, guaranteeing
l l that for “small” perturbations in the equa-
tion, the solution will eventually be “small”
in time.
A solutionx : [tg, o0] — R™; x(fg) = xo
is said to be uniformly ultimately bounded
UART  Seauniversalasynchronousreceiverjyith respect to a given set if there exists
transmitter a nonnegative constant tinfigxg, S), oo in-
dependent ofy such thatx(z) € S for all
ubitron a millimeter wave high-power ; > s + T'(xq, S). In other words, ulti-
quasiquantum generator with relativistically mate uniform boundedness guarantees that
high-speed electron beam. Millimeter waves the state of the system enters and remains in
are generated due to quantum transition bethe given neighborhood of the origin after a
tween two energy states of electrons and am+inite time interval.
plified due to the velocity modulation and ki-

netic energy transfer principles. ultra-high frequency (UHF) electro-
magnetic spectrum with frequencies between
UCA  Seeuniform circular array 300 MHz and 3000 MHz or wavelengths be-
tween 10 cm and 100 cm. Also called as
UDT  Seeunidirectional transducer decimetric waves.

UEESLA  Seeuniformly excited equally  ultra-large-scale integration (ULSI)  an
spaced linear array integrated circuit made of millions of transis-
tors.
UEP code Seeunequal error protection
code ultrasonic memory obsolete form of
memory, in which data was stored as ultra-
Ufer ground  aterm, named for engineer sonic sound recirculating through a column
Herb Ufer, used to describe concrete-encase®f mercury. Also called mercury delay-line
earth electrodes (e.g., rebars in a building’'smemory.
foundation footers).
ultrasound  animaging modality that uses
UHF  Sealltra-high frequency reflected high-frequency sound energy to im-
age the interface between materials with dif-
UHF power intelevision, the band of fre- ferent acoustic impedances.
guencies ranging from 300MHz to 3 GHz.
ultraviolet a term referring to wave-

UL  SeeUnderwriters Laboratory lengths shorter than 400 nm, but longer than
30 nm. The region 400-300 nm is the near
ULA  Seeuniform linear array ultraviolet, 300-200 is the middle ultravio-

let; and 200-30 nm is the far ultraviolet or
UL classes a classification system es- vacuum.
tablished by Underwriters Laboratory (UL)
for the purpose of defining certain operat- ultraviolet laser  laser producing its out-
ing characteristics of low voltage fuses. UL put in the ultraviolet region of the spectrum.
classes include G, J, L, CC, T, K, R, and H.

umbra transform a morpohological
ULSI  Seeultra-large-scale integration transform used for visualization of operations
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on gray-level images. Let the gray-level im- cal phase windings. See alsobalanced
ageF be afunctionE — T, whereE isthe  operation
set of points and’ the set of gray-levels. The

umbra of F is the set unbiased estimate an estimatex of x
which is not subject to any systematic bias;
UWF)={(h,v) e EXT |v<F(h) that is,
andv # =+ oo}. E[%-x=0].

See als@xpectationbias
The behavior of a morphological operator on

gray-level functions can be visualized by ap- unbundling a feature of utility de-
plying the corresponding operator for sets to regulation in which services which were for-
the umbras of the gray-level functionSee  merly bundled together are sold separately to
morphological operator the customer.

umbrella cell  a cell that covers the same uncertain dynamical system model a

geographical area as a number of micro- ormathematical model of a dynamical system

picocells, and is aimed at supplying seamlessthat includes the system’s uncertainties or

service to subscribers with high mobility in disturbances. A possible tool to model an

these areas. uncertain system is to usediferential in-
clusion

unary operation an operation a com- X e F(t,x) .

puter performs that involves only one data angther example of an uncertain dynamical

element. The complement and mcrementqp-system model is

erations are examples of such an operation

while ADD is an example of an operation X =AX+Bu+h,xu),

that requires two data elements. where the vector functiorh models the

) ) system’s uncertainties.See alsomatching
unbalanced line  refers to a signal carry-  ~gnditionandunmatched uncertainty
ing line where one of the conductors is con-
nected to ground.Contrast withbalanced  ynconditional branch  an instruction that
line. causes atransfer of control to another address

. without regard to the state of any condition
unbalanced magneticpull  aphenomenon fjags.

in electric machines arising from the rotor not
being symmetrical with respect to the stator uncontrolled rectifier  a rectifier circuit
or the axis of the rotor and stator not being emp|oying switches that do not require con-

coincident. Results in a higher pulling force tro| signals to operate them in their “on” or
on the side with the smaller airgap, resulting “off” states.

in additional bearing stresses.
underexcited a condition of operating a

unbalanced operation inann-phase sys- synchronous machine, in which the current
tem @ > 1), a condition in which the phase to the DC field winding is insufficient to es-
voltages (currents) are either tablish the required magnetic flux in the air-

1. not equal-amplitude sinusoids or gap. As a result, the machine requires re-

2. have phase angles displaced by a valueactive power from the AC system. An un-
other than that specified for balanced opera-derexcited synchronous motor operates at a
tion. lagging power factor, as it appears as an in-

The term “unbalanced” is also used to ductive load to the AC system. An under-
describe a machine that has unsymmetri-excited synchronous generator operates with
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a leading power factor, since it must deliver undetected error probability  in a linear
power to a leading (capacitive) system. block code, the probability that areceiver will

not be able to detect the presence of transmis-
underflow  a condition in a floating-point  sion errors in received codewords. The trans-
system where the result of an operation ismission of codewords from a linear block
nonzero yet too small in absolute value to be code,C, via a communication channel can
properly represented in the system. be expressed as follows:

underfrequency relay  a protection de- X=y+e

vice that curtails loads in an area that is defi-

cient in generation. Lower generation com- with y codewords from the cod€ andx
pared to load demands give rise to lower fre- words received via the channek denotes
quency and a frequency threshold can be use@rror words generated by the channel dur-
by the relay to initiate load shedding in order ing transmission of the codewords. The re-

to balance generation and demand. ceiver will only detect the presence of errors
if x ¢ C, i.e., if the received words are not
underground distribution a class of codewords from the cod€. Undetected er-

electric power distribution work, typically rors occur only ife € C, in which case the

used in densely-populated urban businesdinearity property of the codes causes C

districts, in which conductors are carried althoughx s y. The undetected error prob-

in conduits under streets between manholesbility is, therefore, strongly related to the

and submersible distribution transformers nature of errors in the communication chan-

are mounted in underground vaults. nel as well as the particular block code used.
See alsdlock code

underground residential distribution

practices involved in the underground distri- unequal error protection (UEP) code a
bution of electric power to residential subdi- code inwhich certain digits of a codeword are
visions through direct-buried cables and padprotected against a greater number of errors
mound transformers. than other digits in the codeword.

underlay  in a wireless communication unfolding the technique of transforming

system this refers to a system where a transa program that describes one iteration of an

mitter which covers a small area (small cell) algorithm to another equivalent program that

transmits a signal that occupies the samedescribes iterations of the same algorithm.

spectrum as the main system. Such an under-

lay cell may block out coverage of the main unforced system adynamic systemwhere

system service in the small cell. all of the external sources of excitation are
identically zero.

undervoltage a voltage that is less than

nominal for a time greater than 1 minute.  ungrounded system an electrical distri-
bution system in which there is no intentional

undervoltagerelay aprotectiverelaythat connection between a current-carrying con-

operates on low voltage or loss of voltage. ductor and ground.

Underwriters Laboratory an insurance uniaxial medium  a medium whose per-
industry testing agency that establishes stanmittivity and/or permeability is characterized
dards for and conducts testing of electrical by a 3x 3 diagonal matrix where two of the
equipment. three elements are the same.
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Unibus bus standard used by Digital ab = b(d) < oo so that for each solution
Equipment Corporation for its PDP and VAX x(¢) starting from the initial conditiox(zp)
computers. such that|x(z)|| < d,

unidirectional bus  agroup of signals that IX(O|| <b forall t >0

carries information in one direction. Exam-

ple: The address bus of the microprocessoriswvhere| - || is any Hblder norm ornR”.

unidirectional; it carries address information

in one direction — from the microprocessor uniform chromaticity scale a chart,

to memory or peripheral. which allows for the quick calculation of the
X, Y, and Z tristimulus values of the CIE col-

unidirectional laser  ring laser in which  orimetry system.

either the clockwise or counter-clockwise

circulating wave is negligible. uniform circular array (UCA) in array
processing, an array with evenly spaced sen-

unidirectional resonator  ring resonator sors placed on the perimeter of a circle.

in which the electromagnetic waves circulate

in either the clockwise or counter-clockwise uniform controllability a dynamical

direction but not both. where it is controllable in any time interval
[t0, 11].

unidirectional transducer (UDT) a

transducer capable of launching energy fromuniform distribution  a probability distri-
primarily one acoustic port over a desired bution in which all events are equiprobable,
bandwidth of interest. i.e., p(x) = k subject tof*_ p(s)ds = 1.

unified cache a cache that can hold both uniform length coding  a coding scheme

instructions and dateéSee alsa@ache that assigns the same number of bits to dif-
ferent messages no matter what probabilities

unified power flow controller ~ a device the messages assume.

for both series and shunt reactive compensa-

tion, brought about by thyristor-based con- uniform linear array (ULA) inarray pro-

trol. cessing, an array with evenly spaced sensors
placed on a straight line.

unified transaction  a transaction, which

can be a hardware instruction or a programuniform memory access refers to a class

segment, that performs a read-modify-write of shared memory multiprocessor systems

operation, thatis allowed to complete without in which accesses to all parts of the shared

interruption by other processes. memory take the same time independently
of which processor makes the access.

uniformarray  anarray where the antenna

elements that make up the array are uniformlyuniform plane wave  a special class of

spaced. Typical examples of this are the lin- electromagnetic problems where the E and

ear array and circular array. H field are locally contained in a plane, and
in each local plane, the E and H fields have a

uniform boundedness a property of dy-  constant value over all that plane.

namical systems possessing solutions of state

equations uniformly bounded. uniform sampling  the sampling of a con-

The solutions ok = f (¢, x) are uniformly  tinuous signal at a constant sampling fre-
bounded if for any gived > 0, there exists quency.
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uniform scalar quantization  astructured uniformly convergent state  the equilib-
scalar quantizer where the distance betweernium state of a dynamic system described by a
reproduction levels is a given fixed number. first-order vector differential equation where
Also known as uniform SQ. there exists &, independent of the), such
that
uniformSQ  Seeuniformscalaquantization
| x (0) = xe < 8 = lim x() = xe

uniform stability the constant equilib- See als@onvergent state

rium solutionx., € R" of x = f(z,x) or

x(k +1) = f(k, x) is uniformly stable, inthe uniformly excited equally spaced linear ar-
sense of Lyapunov, if forany > 0,70 > 0,  ray (UEESLA)  anantennaarray inwhich
there correspond$ = §(¢) independent of all the centers of the antennas are collinear

fo such that and equally spaced and each antenna has a
constant harmonic value buteach antennacan
[X(t) = Xeq || < & have a unique phasing.
fort > 1o whenever uniformly stable equilibrium  an equilib-

rium point of anonautonomous system where
the solutions that start “sufficiently close,”
stay “close” in time irrespective of the choice
of initial time.

[X(t0) = Xeq | <8,
where|| - || is any Hilder norm ornR”.

uniform ultimate boundedness the so-
lutions of x = f(z,x), x € R”", are uni-
formly ultimately bounded, or practically sta-
ble, with respect to the ball

uniformly stable state  the equilibrium
state of a dynamic system described by a
first-order vector differential equation where
if given € > 0O there exists & = §(¢), inde-

B ={x:|x| =r}, pendent of the initialo, such that
iffor everyd > 0, there existg (d) > 0such Ix (f0) —xe <8 =l x(1) —xc |< €
that for each solutiom(¢) starting from the Vi > 1o

initial conditionx(zg) such thaf|x(7)| < d,
See alsatable state

X() € B, for t > T(d),
unilateral gain  special case of the trans-
where| - || is any Hilder norm onR"”. See ducer power gain of a 2-port network. The
alsouniform boundedness transducer power gain is the ratio of the
power delivered to the load to the power
uniform variate ~ pseudo-random variate available fromthe source. The unilateral gain
generated by computer that is equally likely is the nonreciprocal case of transducer power
to be any place within afixed interval, usually gain (S12 = 0).
[0, 1].
unilateral transducer power gain  a spe-
uniformly asymptotically stable state cial case of transducer power gai6r,,
the equilibrium state of a dynamic system whereS;, = 0.
described by a first-order vector differential
equation is said to be uniformly asymptoti- unimplemented instruction (1) a nu-
cally stable if it is both uniformly convergent meric pattern in an instruction stream that
and uniformly stable. See alsouniformly  does not correspond to any defined machine
stable statanduniformly convergent state  instruction.
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Static
Bypass

Rectier
ac to do

In a crisp (honfuzzy) system, the union
of two sets contains elements which belongs
to either one or both of the sets. In fuzzy
logic, the union of two fuzzy sets is the fuzzy
set with a membership function which is the
larger of the two. See alsaunion of fuzzy
ets

Inwerer
do to 26

Power
Source

. Critical

Battery
Bank

A typical UPS.

s
2) a type of trap operation executed by a
processor when an unimplemented i”Str“C'unipolar neuron

S neuron with output sig-
tion is encountered.

nal between 0 and-1.

uninterrupted power supply (UPS) (1)  yniprocessor Seesingle-instruction stream,
a power supply designed to charge an €N-single data stream
ergy storage medium, while providing condi-

tioned output power, during the presence Ofuniquely decodeable  a channel code
input power and to continue providing out- \yhere the correct message sequence can al-
put power for a limited time when the input ways be recovered uniquely from the coded
to the supply is removed. These power sup-sequence as observed through the channel.
plies are typically usedin critical applications of particular interest for multiple access

to prevent shut-down of these systems duringchannels.See alsanultiple access channel
power failures, power surges, or brownouts. zerg-error capacity

(2) a device that provides protection for

critical loads against power outages, over-yniqueness of solution to generalized 2-D
voltages, undervoltages, transients, and harmodel  the generalized 2-D model with
monic disturbances. Atypical UPSis arecti- yariable coefficients

fier supplied battery bank for energy storage,

and a PWM invertgr—filte_r system to convert E; i1 jy1xiq1j4+1 = A?I.x,-j + A,'l+l’jx,-+1,j
a DC voltage to a sinusoidal AC output. UPS 4 A2 4 B
systems can be on-line, as shown in the fig- i1+ ij"ii

ure, yvhere the UPS i_nverter powers the Iqad + Bi1+l’jui+l’j + B§j+1ui)j+l

continuously, or off-line where the load is o
connected directly to the utility under normal i, j € Z. (the set of nonnegative inte-
operation and emergency power is providedgers) has the unique solution in the rectan-

by the UPS. gle [0, N1] x [0, No] for any sequence;;
for0 <i < N1,0 < j < Ny and any
union  Seeunion operatar boundary conditions;p for 0 < i < N;

andxg; for 0 < j < N if and only if the
matrix F’ is nonsingular, where;; € R"
is the local semistate vecto#;,; € R™ is

union of fuzzy sets the fuzzy analogy to
set the set-theoretic union.

Let A and B be two fuzzy sets in the uni-
verse of discours& with membership func-
tionsua(x) andupg(x), x € X. The mem-
bership function of the uniod U B, for all
xeX,is

paup(x) = max{pua(x), wp(x)}
See alsduzzy set membership function

union operator  alogical OR operator.
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the input vectorE;;, A{.‘j, Bl."j (k =0,1,2)
are real matrices witlk;; possibly singular
(rectangular)F is defined by the equation
F'x' = Gu + Hxo which follows from the
model fori =0,1,..., Ny — 1;

i=01...,N—1,
’ ’ , T
X = I:_X'/]i,.sz,...,xAZ-] 5
L T T 'T
X; = I:Xil, Xigyeens xiNz] ,



[ugu{ r ]T , forz # 0 and/* 8(s)ds = 1 fore > 0. See

u = A : '
. alsoDirac’s delta function
.t . T T
Ml e I:ulo, Mil,...,uiNz] N 3 . .
unit step  Seeunit step function
.t T T T .T
X0 = I:'XOO’ x01, ey xONz’ xlo, xZo,

r unit step function  a mathematical func-
e, xﬁlo] tion whose amplitude is zero for all values of

time prior to a certain instant and unity for
all values of time afterwards. The unit step

uniqueness theorem of electromagnetics signalis the integral of the unitimpulse func-

a theorem stating that the solutions to tion. Thatis, the functiom(¢) which is 1 for

Maxwell’'s equations are unique, given cer- allt > to and 0 for allt < .

tain boundary conditions (for the differen-

tial form of the equations) or certain initial Uunitarity inscattering  law expressing the

conditions (for the integral form of the equa- conservation of energy fromthe incidentlight

tions). As an example, if the electric field to thatscattered and absorbed by an inhomo-

and magnetic field satisfy Maxwell’s equa- geneous medium.

tions in some volum& of lossy material and

if the tangential fields satisfy a prescribed setunitary transform  atransform whose in-

of boundary conditions on the surfaS¢hat ~ Verse is equal to the complex conjugate of its

definesV, then the solution for the electric transpose.

and magnetic fields is the only one (i.e., the

unique one) Note: The uniqueness theorem unity feedback the automatic controlloop

only requires one of the following three con- configuration shown in the figure.

ditions:

1. knowledge of the tangential electric

1 Setpoint Irpovst Cutput
field on all of S, . .
2. knowledge of the tangential magnetic -

field on all of S, or

3. knowledge of the tangential electric Unity feedback configuration.
field on part ofS and the tangential magnetic
field on the remaining part f.

universal asynchronous receiver/transmit-
unit commitment problem the task of ter (UART) a standard interface often
minimizing the cost of production by de- used in small computer systems, to buffer
ciding which of several thermal generating and translate between the parallel word for-
plants in a power system should be kept gen-mat used by the CPU and the aynchronous
erating, on hot reserve or on cold reserve. serial format used by slow I/O devices.

unitdelay indiscretetime systemsthe de- universal coding  coding procedure that

lay of a signal by a single sampleinterval, i.e., does not require knowledge of the source

x(n — 1). Under thez-transformz 1 X (z). statistics and yet is asymptotically optimal.

A typical example is Ziv—Lempel coding.

unit impulse function  a very short pulse

such that its value is zero fers# 0 and the  universal function approximation prop-

“force” of the pulse is 1. erty  uniform approximation of any real
In discrete time:é(n) = 1 forn = 0, continuous nonlinear function to arbitrary

8(n) = 0 forn # 0. See alsdKronecker levelofaccuracyinacompactset. Ithasbeen

deltafunction Incontinuoustime:§(r) =0  demonstrated that some relevant model of
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soft-computing (such as multilayer percep- unmatched uncertainty adynamical sys-
trons, radial basis functions networks, andtem model in which the vector function that
fuzzy systems) hold this property. models uncertainties in the system does not
satisfy thematching conditioras, for exam-

See also fuzzy system multilayer i
ple, in the system model

perceptronradid bass functionnetwork.

. . X =AX + Bu+ h(, x,u),

universal fuzzy approximator  a fuzzy

system. approximator @n a sense.that it can,yhere the functiom may model system un-

approximate any nonlinear function to0 any coqainties such as modeling uncertainties,

degree of accuracy on any compact set. jnht connection uncertainties, or additive
disturbances.

universal fuzzy controller  a fuzzy con-

trollerin asense thatitcan control any nonlin- unmodeled dynamics in control systems

ear plantas long as the plant can be controlleddesign, it is often assumed that the true pro-

by a smooth nonlinear control law. cess is compatible with the model used in pa-
rameter estimation. However, it frequently

universal source coding refers to meth- happens that the true process is more com-
ods for source Coding that do not re|y on pleX than the estimated model. This is of-
explicit knowledge of the source statistics. ten referred to as unmodeled dynamics. The
One important method for universal lossless Problem is complex, and a careful analysis

source coding is Ziv—Lempel coding. is lengthy. If a controller is able to control
processes with unmodeled dynamics and/or

disturbances, we say that the controller is ro-

universal synchronous/asynchronous re- bust

ceiver/transmitter (USART)  alogic de-
vice that performs the data link layer func- . . .

tions, such as serializing, deserializing, par- _unpolanzed i the amplitude of_the wave
ity generation and checking, error checking, in plane 'perpendlcular to th.e dlrec_t|on Of
and bit stuffing, of a serial transmission pro- propagation appears to be oriented in all di-

tocol for either synchronous or asynchronous;ea?g?gsbévgz %‘?:?Lg(;o%ar?”gé;?: dV\éTt\a/ce:trls-
transfer modes. P - ©np

magnetic waves are generated by atomic pro-

) ] ] cesses.
universe of discourse term associated

with a particular variable or groups of vari- unprivileged mode one of two CPU

ables, it is the total problem space encom-mgdes. the other being privileged mode.

passing the smallest to the Igrgest allowablegymetimes called user mode, this mode pro-

nonfuzzy value that each variable can take. pipjts access to certain instructions, data, and
registers.

unloaded Q  dimensionless ratio of the

average over any period of timel( = unsharp masking an edge enhancement

1/frequency) of the ratio of the maximum en- technique that subtracts a blurred version of

ergy stored (Umax) to the power absorbed oranimage fromthe inputimag&ee als@dge

dissipated in a passive component or circuit,enhancement

discounting any external effects. An ideal

resistor has an unloaded Q of zero, and idealunsigned integer  an integer numeric rep-

capacitors or inductors have an uloaded Q ofresentation in which only positive numbers

infinity. For most applications, the higher the are represented. For example, a 16-bit un-

unloaded Q the better the part. signed integer has a range of 0 to 65535.
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unstable (1) a circuit or circuit element never appeared, it will be stored in an ap-
that is likely to change state spontaneouslypropriate location, which is close to similar
within a short period of time. inputs and far from different inputs. An ex-
(2) a system that is not stable. ample of unsupervised neural network is the
Kohonen self-organizing map, which can be
unstable resonator resonatorin whichan implemented using an adaptive correlator. A
axial light ray is unstable with respect to per- correlator has been long used in optical pro-
turbations, and ray trajectories become un-cessing for measuring the similarity between
bounded; does notimply unstable modes (un-two inputs.
stable resonators have stable modes); high-

loss resonator. unsymmetrical fault  a fault on a three-

o phase power line in which the fault cur-

a dynamic system described by a first—ordere_g_, a single-line-to-ground, double-line-to-
vector differential equation is said to be un- ground or line-to-line fault.
stable if it is not stableSee alsstable state

unsymmetrical load a load which forces
the currents in the three-phase power line
which supplies it to be unequal.

unstructured uncertainty high-order
variations or unknown disturbances charac-
terized usually by a set of norm-bounded per-
turbations introduced into a fixed nominal
plant. up-down converter See buck-boost
For linear systems with a model in fre- transformer
guency domain, an uncertain system is rep-
resented by a class of plants composed of aup-down counter aregisterthatis capable
nominal known rational matrix and unknown of operating like a counter and can be either
but stable one whose norm is bounded by anincremented or decremented by applying the
absolute value of known rational function.  proper electronic signals.

unsupervised learning (1) learning from up-down transformer Seebuck-boost
unlabeled data. The learning system seeks§yansformer

to identify structure in the data by clustering
similar input patterns. . . .
upconversion anonlinear optical process

(2) a training technique in statistical pat- ;' i 3 heam of light is shifted to higher
tern recognition or artificial neural networks

. ) L . frequency, for instance, through the process
in which the training set does not include a :
predefined desired output. of sum-frequency generation.

unsupervised neural network  neural ~Upconverter  special type of microwave
network that does require predetermined out-Mixer that outputs the sum frequency signals
put to form the interconnection weight ma- of the input microwave RF frequency and the
trix of a network. If no input-output pairs are LO frequency. The up-conversion is useful
known and a number of inputs are available, if the microwave carrier frequency needs to
we can only memorize them in an organized Pe altered.

order. Similar inputs are memorized in loca-

tions close to each other and different inputsuplink  in a cellular system, the commu-
are stored in locations far from each other. nication link from the mobile to the central
The network is able to recognize an input that base stationSee alsalownlink. Also called
has already appeared before. If the input hagseverse link.
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upper frequency band edge the upper Some computers have two modes of op-
cutoff frequency where the amplitude is equal eration: the system state is used when parts
to the maximum attenuation loss across theof the computer’s operating system are ex-
band. ecuting and the user state is used when the
computer is executing application programs.
upper side frequency the sum frequency
thatis generated during the heterodyning pro-user-visible register  an alternative name
cess or during the amplitude-modulating pro- for general purpose registers, emphasizing
cess. For example, if a 500 kHz carrier sig- the fact that these registers are accessible to
nal is amplitude-modulated wita 1 kHz fre-  the instructions in user programs. The coun-
guency, the upper side frequency is 501 kHz.terpart to user-visible registers are registers
that are reserved for use by privileged in-
UPS  Seeuninterrupted power supply structions, particularly within the operating
system.
upsampling  a system that inserts — 1
zeros between the samples of an input signaltility interface  the interface of the util-
to form an output signal. Ai-fold upsam- ity with power electronic systems. Utility
pler followed by an appropriate lowpass filter interface issues include maintaining power
produces an output signal that is an interpo-quality with the proliferation of large power
lated form of the input signal, dt times the  electronic loads in power system networks
sampling rate. Upsampling also often refersand the utility applications of power elec-
to the operation of the upsampler and the low- tronics for flexible AC transmission systems
pass filter together. (FACTS).

URD See underground residential

ne UV cure  a post-development process by
distribution

which the resist patterns are exposed to deep-
UV radiation (and often baked at the same

time) in order to harden the resist patterns

for subsequent pattern transfer. The UV cure

is a replacement for the hard bake step.

USART See universal synchronous/
asynchronous receiver/transmitter

use bit inapaging system, a bit associated
with a page entry in a lookup table which

indicates that the page has been referencedftilization factor  the ratio of the maxi-
since the last time the bit was reset. The bit Mum demand on the system vs the rated ca-

is reset when it is read. pacity of the system.

user mode in a multitasking processor, utilization voltage  the voltage across the
the mode in which user programs are exe-power input terminals of a piece of electrical
cuted. In user mode, the program is pre-equipment.

vented from executing instructions that could

possibly disrupt the system and also from ac-UVPROM  Seeerasable programmable
cessing data outside the user’s specified ared€ad-only memory

user state a computer mode in which a

user program is executing rather than a sys-
tems program.
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V

V parameter describes the number of
modes M in an optical fiber.

.a
V=2pi—NA
Ao
whereu is the fiber core radiug, is the wave-
length, andV A is the fiber's numerical aper-
ture. V < 2.405 for single-mode operation.
Often referred to as normalized frequency.

V system Seevee system

ViN, , common notation for peak-to-
peak input voltage in volts.

Vour, , common notation for the peak-
to-peak output voltage in volts.

Vps common notation for the FET drain-
to-source voltage.

Vgp common notation for the FET gate-
to-drain voltage.

Vgs  common notation for the FET gate-
to-source voltage.

V-curves the characteristic curves that

vacuuminsulation anyinsulation scheme
which depends upon the dielectric capabili-
ties of a high vacuum.

vagueness a property indicating the lack
of specifics and clarity and which is allied to
imprecision and fuzziness.

valence band the lower of the two par-
tially filled bands in a semiconductoriSee
alsoconduction band

valid bit a bit used in caches and virtual
memories that records whether the cached
item or page contains valid data.

validation  (1)inelectronic active and pas-
sive device modeling, the pass/fail process in
which a completed, ready to use model is
used in a simulation, then compared to an in-
tended application, and is determined to suit-
ably predict reality.

(2) a review to establish the quality of a
software product for its operational purpose.

validation set  the set of data to evaluate
the performance of a system that was trained
on a separate set of data.

valuation in electronic active and passive
device modeling, valuation is a measure of
the intrinsic value of a model in predicting a
new application, condition or change in the
device. The most valuable model (assigned a

show the variation of the armature current valuation coefficient of 1.0) would be a com-

versus the field current in synchronous mo-

tors.

V-V transformer
transformer

See open-delta
vacuum capacitor a capacitor with a vac-
uum between its plates.

vacuum circuit breaker  a power circuit

plete omnipotent physical based model that
could be utilized to predict exact circuit re-
sponse. The least valuable model (assigned a
valuation coefficient of 0.0) such as a lookup
table, would only be able to predict a circuit
response to a specific set of conditions for a
very specific device excited in a specific way.

van de Graf generator  a high-voltage
device that generates high static voltages on

breaker where a vacuum chamber is used as sphere. It is driven by a mechanical belt,

an insulating and arc clearing medium.
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van der Pol oscillator  an oscillator or 0s-  region as a tuning element or as a nonlinear
cillating system described by the equation frequency multiplier.

2
d—; — (1 — exz) dx +x=0 varactor diode a diode designed to have
dt 4 arepeatable and high capacitance vs. reverse

This equation is mentioned in almost any voltage characteristic. A two terminal semi-

book on oscillators or on nonlinear mechan- conductor device in which the electrical char-

ics. The reason is that this equation is rela-acteristic of primary interest is the voltage
tively simple, yet it successfully lumps to- dependent capacitance.

gether two rather complex processes asso-

ciated with oscillators, namely, the process yaractor tuner  a tuning circuit at the in-

of generation of periodic waveform and the pyt of a television receiver that uses a varac-

process of automatically stabilizing the am- tor diode. The tuning capability comes from

plitude of thiswave. The attempts toimprove the characteristic of a varactor, or varicap, to

the solutions of the van der Pol equation andfynction as a voltage-sensitive capacitance.
to apply to design of low-distortion oscilla-

tors can be traced to recent publications. . . .
P variable bit rate (VBR)  describes a traf-

encoded optical mask fic pattern in which the rate at which bits are
transmitted varies over time; such patterns
are also referred to as bursty. VBR sources
often result from compressing CBR sources,
for example, a 64 kbps voice source in its raw
form has a constant bit rate; after compres-

vanishing point  the point in the perspec- sion by removing the silence intervals, the

tive projection plane in which a system of Source becomes VBR.
3-D parallel lines converge.

Vander Lugt filter
for representing, in the Fourier-transform
domain, the reference or library functions
needed in an image correlator; encoding is
performed holographically.

variable frequency drive  electric drive
Vapnik—Chervonenk (VC) dimension a  system in which the speed of the motor can be
measure of the expressive power of a learn-varied by varying the frequency of the input
ing system with binary or bipolar outputs. power.
For neural networks it is closely related to
the number of weights in the network. For
single-layer networks it is simply equal to
the number of weights (including biases) but
for multilayer and other networks, analytic
expressions for VC dimension are not avail-
able.

variable length code to exploit redun-

dancy in statistical data, and to reduce aver-
age number of bits per word luminance lev-
els having high probability are assigned short
code words and those having low probabil-
ity are assigned longer code words. This is
called variable length coding or entropy cod-

vapor cooling  a cooling technique for ing. See alsentropy coding

power vacuum tubes utilizing the conversion
of hot water to steam as a means of safely _
conducting heat from the device and to a heatvariable loss  machine loss that changes

sink. with a change in the mode of machine oper-
ation such as loading, temperature and cur-
VAR  Seevolt-ampere-reactive rent. Forexample, inatransformer, the wind-

ing losses are a function of the load current,
varactor  areverse biased PN or Schottky while the core losses are almost independent
diode that uses the voltage variable depletionof the load current.
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variable polarity plasma arc welding (VP-  voltage to create a DC voltage that is then in-
PAW) awelding process that produces co- verted to the desired frequency and number
alescence of metals by heating them with aof phases.

constricted variable polarity arc between an

electrode and the parts to be joined (trans-variable speed DCdrive aDC motor con-
ferred arc) or between the electrode and thetroller that allows the DC motor to operate
constricting nozzle (transferred arc). Shield- over a wide speed range. A common type
ing is obtained from the hot, ionized gas of variable speed DC drive uses a separately
issuing from the torch as well as from a excited DC motor. Armature voltage con-
normally employed auxiliary shielding gas trol is used to provide operation below base
source. Pressure is not applied and filler speed, and field weakening is used to provide
metal may or may not be added. operation above base speed.

variable reflectivity mirror mirror in  variable speed drive  Seevariable speed

which the reflection profile varies across AC driveor variable speed DC drive
the mirror surface; useful for discriminating

against high-order transverse modes in a resvariable structure system  a dynamical
onate. See also tapere mirror. system whose structure changes in accor-

dance with the current value of its state. A
variable reluctance machine ~ salient pole variable structure system can be viewed as a
machine consisting of stators having concen-SyStém composed of independent structures
trated excitation windings and a magnetic ro- together with a switching logic to switch be-
tor devoid of any windings, commutators, or tween each of the structures. With appropri-
brushes. The machine operates on the prin&t€ switching logic, a variable structure sys-
ciple of varying reluctance along the length tem can exploit the desirable properties of
of the air gap. Torque is produced by the ten- each of the structures the systemis composed
dency of the rotor to align itself with the sta- Of A variable structure system may even
tor produced flux waves in such a way that have a property, such as asymptotic stability,
the stator produced flux-linkages are maxi- that is not a property of any of its structures.
mized. The motor operates continuously in
either direction of rotation with closed loop
position feedback.

variable-length instruction  the fact that
the machine language instructions for a com-
puter have different numbers of bits with the

variable resolution hierarchy an ap- length dependent on the type of instruction.

proach where images corresponding to the
levels of the hierarchy vary in spatial reso-
lution. This results in a pyramid structure
where the base of the pyramid represents 5 o0 5

i 0" = (x =) px)dx
the full resolution and the upper levels have .
lower resolution.

variance the mean-squared variability of
arandom variable about its mean:

whereo? is the variancey is the mean and
variable speed AC drive  an AC motor  p(x) is the probability density functiorSee
drive that is capable of delivering variable alsocovariancecorrelation
frequency AC power to a motor to cause it to
operate at variable speeds. Induction motorsvariational formula  a formula that pro-
and synchronous motors are limited to op- vides the sought unknown quantityn terms
eration at or near synchronous speed wherof another unknown quantity. The advan-
a particular frequency is applied. Variable tage is in the fact that, for variational formu-
speed drives rectify the incoming AC source las, an error irb provide only a modest error
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in a. Hence, by approximatingwe can get is usually expressed in units of radians per
a fairly good estimate aof. second per volt.

variational problem  aprobleminwhich \ycp  seevisual comfort probability
solving a differential equation is equivalent to

seeking a function that minimizes an integral .
g 9 VDS Seedrain-to-source voltage

expression.

variational similarity ~ between two vec- VDSL See very high-speed digital
torsx = (x1,...,x;) andy = (y1, ..., y,)  Subscriberline

is the match score in the following dynamic

matching procedure: vector  a quantity having both magnitude

Suppose the current pointds;, y;). The  and direction.
next point to match should be selected from
(i1, ¥, (Kit1s yj+1), @NAGi 41, vir2)- I yactor controlled induction motor  a
there is one match only among them, t_ake t\ariable speed controller and motor in which
as the current match p0|_nt and go on in thethe magnetizing and torque producing com-
same manner. If th_ere is no match, Seleaponents of current are controlled separately.
,(xi+1’_yf+1)' If there is more than one match Some vector drives requires rotor position
including (xi11, yj+1), Select(xi+1,¥j+1),  gensors. Vector controlled induction motors
otherwise, seleatv; 1, yj+2). This process can operate over a wider speed range, and
continues until at least one of the vectors is may produce rated torque even at zero speed,

exhausted. , ~ much like a DC motor. Thus, vector con-
During the above procedure, if there is at o104 induction motors are often used for

leastone matchin one step increase the matc'&pplications that might otherwise require a
score by 1. DC motor drive.

Varsharmov—-Gilbert bound the lower ] ]
bound on the minimum distance of linear VECtor field  when the field needed to de-

(n, k) code asymptotically satisfies scribe some physical phenomenon has sev-
eral components, it is customary to represent

dmin such a field by a vector functiov(x, y, z)
> o . .
n - which depends on the space coordinates
X, ¥, 2.

whereqw is given by

vector image an image consisting of
mathematical descriptions of the objects in
the scene, e.g., equations for lines and curves.
The image is independent of resolution so it
can be stretched, rotated and skewed with no
degradation. Vector images are often used
in CAD applications. See alscbitmapped
image CAD, image

NI =

k
— =14alogya+(1-a)logya O0<a <
n

vault  Seeransformer vault
VBR  Seevariable bit rate

VC dimension  SeeVapnik—Chervonenk

dimension
vector network analyzer amicrowavere-

VCO  Seevoltage-controlled oscillator ceiver designed to measure and process the

magnitude and phase of transmitted and re-
VCO gain  the ratio of the VCO output flected waves from the linear network under
frequency to the DC control input level. This test.
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vector operation  a hardware instruction when addition and multiplication are defined
that performs multiple similar operations on in terms of element-wise operations from the
data arranged in one or more arrays. finite field of code symbol values.

vector processor a computer architec- vector stride  the number of consecutive
ture with specialized function units designed memory addresses from the beginning of one
to operate very efficiently on vectors repre- elementto the next of a vector stored in mem-
sented as streams of data. ory. Also used to refer to the difference in
vector index between two consecutively ac-
vector quantization (VQ)  quantization cessed vector elements.
applied to vectors or blocks of outputs of a
continuous source. vector wave  wave that cannot be ade-
Each possible source block is representedquately described in terms of a single field
by a reproduction vector chosen from a fi- variable.
nite set (the “codebook”). According to rate-
distortion theory, vector quantization (VQ) vector wave equation an equation (or
is able to perform arbitrarily close to the the- more specifically, a set of scalar equations)
oretical optimum if the lengths of the input governing the various components of a vec-
blocks are permitted to grow without limit. tor wave, the Maxwell-Heaviside equations,
The method was suggested by Claude Shanfor example.
non in his theoretical work on source cod-
ing (during the late 1940s and the 1950s), vectored interrupt  an interrupt request
but has found practical importance first in re- whereby the processor is directed to a pre-
cent years (during the 1980s and 1990s) be-determined memory location, depending on
cause of the relatively high complexity ofim- the source of the interrupt, by the built-in in-
plementation and design compared to scalaiternal hardware. In the X86 processors, the
methods. Also referred to as “block source addresses are stored in an array in memory
coding with a fidelity criterion.” (a mathematical vector) and indexed by the
interrupt number. In the 8080 and Z80, the
vector quantization encoding an encod- interrupt number becomes part of a CALL
ing scheme whereby animage is decomposednstruction with an implied address that is ex-
into n dimensional image vectors. Each im- ecuted on an interrupt cycle.
age vector is compared with a collection of
representative template or codevector fromvectorscope an oscilloscope-type device
a previously generated codebook. The bestused to display the color parameters of a
match codevector is chosen using a minimumvideo signal. A vectorscope decodes color
distortion rule. Then the index of the code- information into R-Y and B-Y components,
vector is transmitted. At the receiver this is which are then used to drive theandY axis
used with aduplicate codebook to reconstructof the scope. The total lack of colorin avideo
the image. Usually called VQ encoding. signal is displayed as a dot in the center of the
vectorscope. The angle, distance around the
vector quantizer (VQ) adevice that per- circle, magnitude, and distance away from
forms vector quantization. the center indicate the phase and amplitude
of the color signal.
vector space an algebraic structure com-
prised of a set of elements over which oper- vee system a 3-level system in which the
ations of vector addition and scalar multipli- highesttwo energy states are coupled by elec-
cation are defined. In a linear forward error tromagnetic fields to a common, intermedi-
control code, code words form a vector spaceate, lower state. This system is so named
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because schematic representations of it oftervelocity of light  in vacuum, a constant
look like a capital letter V. equal to 2097928x 108 meters/second. In
other media, equal to the vacuum value di-
velocity error  the final steady difference vided by the refractive index of the medium.
between a ramp setpoint and the process out-
putin a unity feedback control system. Thus, yelocity saturation  a physical process in
itis the asymptotic errorin position thatarises 5 semiconductor where the carrier velocity
in a closed loop system that is commandedpecomes constant independent of the electric
to move with constant velocity.See also  field due to high energy scattering and energy
acceleration erraandposition error loss, compared to low electric field transport

) ) where the velocity is linearly related to the
velocity error constant  a gaink, from g by the mobility.

which the velocity erroe, is readily deter-
mined. Itis a concept that is useful in the de-
sign of unity feedback control systems since
it transforms a constraint on the final error
to a constraint on the gain of the open loop
system. The relevant equations are

verification  the process of proving that
the implementation of hardware or software
meets the published system requirements.

verification kit known impedance stan-
lim dards traced to NIST, other than calibration
ev = 2~ and K, =s = 00 sq(s) standards, used to verify the calibrated per-

’ formance of a vector network analyzer sys-
where g (s) is the transfer function model tem.

of the open loop system, including the con-

troller and the process in cascadgee also  \jr5a Module Europe bus (VME bus) a
acceleration error constaandposition error  ¢adardized processor backplane bus system
constant originally developed by Motorola. The bus
allows multiple processors to share memory

velocity filtering ~ means for discriminat- and 1/O devices.

ing signals from noise or other undesired sig-
nals because of their differentapparentveloc- . . .
ities. yertlgal cavity laser sem_lco_nductor laser
inwhich the electromagnetic fields propagate
in a direction perpendicular to the amplifying

velocity flow field  the velocity field cal- _ A
plane (the vertical direction).

culated in optical flow computation.

velocity manipulability ellipsoid an el- vertical deflection the direction of an en-
lipsoid that characterizes the end-effector ve-tity is caused to move by some physical ac-
locities that can be generated with the givention; commonly describes the vertical move-
set of joint velocities, with the manipulator ment of an electron beam caused by electro-
in a given posture. static or magnetic forces applied to produce
Consider a set of generalized joint veloc- @ required scan. Magnetic deflection is fre-
ities ¢ of constant, unitnorj” ¢ = 1. Tak-  quently used with a CRT video display and
ing into account the differential kinematics requires a large deflection angle.
J and properties of the pseudo-inverse of
the geometrical Jacobian, the unit norm canvertical microinstruction a field that
be rewritten as followsv” (JJ7)"1v = 1,  specifies one microcommand via its op code.
which is the equation of the points on the In practice, microinstructions that typically
surface of an ellipsoid in the end-effector ve- contain three or four fields are called verti-
locity space. cal.
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vertical polarization  aterm used toiden- (2) an integrated circuit made of tens of

tify the position of the electric field vector of thousands to hundreds of thousands of tran-

a linearly polarized antenna or propagating sistors.

EM wave relative to alocal reference, usually

the ground or horizon. A vertically polarized very long instruction word (VLIW) a

EM wave is one with its electric field vector computer architecture that performs no dy-

aligned perpendicular to the local horizontal. namic analysis on the instruction stream and
executes operations precisely as ordered in

vertical roll in television, the apparent the instruction stream.
continuous upward or downward movement )
of the picture, resulting from the lack of syn- Very small aperture terminal (VSAT)

ceiver. at a customer’s premises. A VSAT typically

consists of an antenna less than 2.4 m, an
outdoor unit to receive and transmit signals,
and an indoor unit containing the satellite and
terrestrial interface units.

vertical sync pulse asignal interval of the
NTSC composite video signal provided for
the synchronization of the vertical deflection
system; the vertical sync interval has a dura-
tion of three horizontal lines and is serrated
with six pulses. The vertical sync interval
starts after six equalizing pulses (3 horizon-
tal line periods) that identify the beginnin i ) ) i
of the veprtical bl)anking inter]?//al. The \g/erticagll (2) Amplltude modulated S|gnal in which
serration preserves the horizontal line syn-One sideband has been partially or largely
chronization information during the vertical SUPPressed. -
sync pulse interval with the one-halfhorizon-  (3) The smallamount of energy emitted in
tal line time-signal transition from the com- the unused sideband in a single-sided trans-
posite video blanking signal level to the sync MItter.

signal level. The serrated vertical pulse du- ) )

ration is at the blanking level for Z 1% of ~VGA  Seevideo graphics adapter

the horizontal line time.

vestigial sideband (1) a portion of one
sideband in an amplitude modulated signal,
remaining after passage through a selective
filter.

VHF very high frequency. See VHF

vertically integrated utility ~ a utility in power.

which generation, transmission, and distribu-

. S . .. VHF power intelevision, the band of fre-
tion divisions are all owned by a single entity.

guencies ranging from 30MHz to 300MHz.

very high-speed digital subscriber line yHs|C acronym for very high speed in-
(VDSL) a d|g|ta| Subscriber |ine (DSL) tegrated Circuit_

that provides very high rates (13 Mbps,

26 Mbps, and 52 Mbps) through short sub-yia  a hole in the insulator between two

scriber loops (1 to 3 kft). AVDSL may sup- metal layers on a multilayer integrated cir-

port asymmetric rates between the customergyit that is etched and filled with a conducting

premise and the central office. material so that the two metal layers are elec-
trically connected. Viaresistance is typically

very-large-scale-integration (VLSI) (1)  less than 10 ohms.

a technology that allows the construction and

interconnection of large numbers (millions) via hole  hole chemically etched from the

of transistors on a single integrated circuit. back of a MMIC wafer and filled with metal
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in such a way as to allow an electrical con- video graphics adapter (VGA) a video

nection between the backside of a wafer andadapter proposed by IBMin 1987 as an evolu-

the topside of the wafer. tion of EGA. Itis capable of emulating EGA,
CGA, and MDA. In graphic mode, it allows

vibration damper  any of a number of toreach 646480 pixels (wide per high) with

devices mounted on a power line to reduce16 colors selected from a pallet of 262144,

vibrations caused by wind. or 320x 240 with 256 colors selected from a
pallet of 262144.

vibrational transition  transition between

vibrational states of a molecule. video RFI  undesired radio-frequency sig-
nals that compete with the desired video sig-

video (1) representation of moving im- hal.

ages for storage and processing. Often used

interchangeably with television. In particu- videosignal the video signalinthe U.S. is
lar, “video signal” and “television signal” are defined by the NTSC standarBeeNational
synonyms. Television System Committee

(2) a particular stored sequence of moving

images, e.g., on a tape or within a database.Video signal processing The area of spe-
cialization concerned with the processing of

video amplifier (1) in television, the time sequences of image data, i.e., video.

wideband stage (or stages) that amplifies the

picture signal and presents it to the picture Video —transmission ‘the  combined
tube. amplitude-modulated carrier, sync, and blank-

(2) A similar wideband amplifier, such as ing pulses that make up a video signal.

an instrument amplifier or preamplifier hav-

ing at least a 4-MHz bandwidth. virtual address (1) an address that refers
to a location of virtual memory.
video coding  compression of moving im- (2) the address generated by the processor

ages. Coding can be done purely on an In-in @ paging (virtual memory) systenCom-
traframe (within-frame) basis, using a still Pare withreal address

image coding algorithm, or by exploiting

temporal correlations between frames (inter-virtual channel  a concept used to de-
frame coding). In the latter case, the encoderscribe unidirectional transport of ATM cells
estimates motion between the current frameassociated by a common unique identifier
and a previously-coded reference frame, en-value.

codes a field of motion vectors that describe

the motion compactly, generates a motion-virtual circuit ~ an abstraction that enables
compensated prediction image and codes the fraction of a physical circuit to be allocated
difference between this and the actual frameto a user. To a user, a virtual circuit appears
with an intraframe residue coder — typically as a physical circuit; multiple virtual circuits
the 8 x 8 discrete cosine transform. The can be multiplexed onto a single physical cir-
decoder receives the motion vectors and en-cuit.

coded residue, constructs the prediction pic-

ture from its stored reference frame and addsvirtual connection  arepresentation of the
back the difference information to recoverthe circuit between the input leads of an ideal

frame. See alsdMPEG. op-amp. The voltage across and the current
through a virtual connection are both zero.
video compression Seevideo coding If one input lead of an ideal op-amp is con-

©2000 by CRC Press LLC



nected to ground, the virtual connection is virtual memory interrupt interrupt that
often termed a virtual ground. occurs when an attempt is made to access an
item of virtual memory that is not loaded into

virtual DMA  DMA in which virtual ad- ~ Main memory.

dresses are translated into real addresses dur-

ing the 1/O operation. virtual page number  in a paged virtual
memory system, this is the part of the mem-

virtual instrument  an instrument created ©'Y addresses that points to the page that is

through computer control of a collection of accessed, while the rest of the address points

instrument resources with analysis and dis-{© & particular part of that page.

play of the data collected.
virtual path a concept used to describe
the unidirectional transport of virtual chan-

virtual machine a process on a multi- ) i )
tasking computer that behaves as if it were a?els tr:at are associated by a common identi-
ier value.

stand-alone computer and not part of a larger
system.
virtual reality three or more dimension-

virtual memory main memory as seen ality of computer-generated images, which
by the processor, i.e., as defined by thegivesthe user a sense of presence (i.e., afirst-

processor-generated addresses, in contradt€rson experience) in the scene.

with real memory, which is the memory actu-

ally installed or that is immediately address- virtual register  one of a bank of registers
able. used as general purpose registers to hold the

: results of speculative instruction execution
The virtual memory corresponds to the - . . ) .
until instruction completion. Virtual regis-

secondary storage, and data is automati- . .
ters are used to prevent conflicts between in-
cally transferred to and from real memory

as needed. In paged virtual memory, sec—fg%gtgzsstsgﬁijIg:lﬁ;?\zli;;eui?:nsame
ondary memory is divided into fixed-size 9 | P

pages that are automatically moved to and

from page frames of real memory; the divi- Virtually addressed cache a cache mem-
sion is not logical and is usually invisible to Ory in which the placement of data is deter-
the programmer. In segmentation, the divi- mined by virtual addresses rather than phys-
sions (known as segments) are logical andical addresses. This scheme has the advan-
of variable-sized units that are much larger tage of decreasing memory access times by
than pages. Segments are generally muctvoiding virtual address translation for most
larger than pages: 16—24 KB versus 0.5-48CCESSes. The disadvantage is that data stored

KB. Many machines combine both pag|ng in the cache may have different virtual ad-
and segmentation. dresses in different processes (aliasing).

Since secondary memory is much larger . )
than main memory, virtual memory presents V|_S|ble associated with the wavelength re-
the programmer with the view of a main 9ioN that.can be seen by the human eye; of-
memory that appears to be larger than it acty-ten considered to range from about 400 to
ally is. Virtual memory also facilitates auto- 00 nanometers.
matic transfer of data, protection, accommo-
dation of growing structures, efficient man- visible light  electromagnetic radiation in
agement of main-memory, and long-term the visible portion of the spectrum, roughly
storage. 400 to 700 nanometers.
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visual comfort probability (VCP) this  voice activity  stimuli that can be used to
rating is based in terms of the percentageoptimize channel capacity. The human voice
of people who will be expected to find the activity cycle is typically 35%. The rest of
given lighting system acceptable when they the time we are either listening or pausing. In
are seated in most undesirable locations. a multiple access scenario such as CDMA,
all users are sharing the same radio chan-
visual display unit  a common means of nel. When users assigned to the channel are
input/output to/from a computer. Consists of Nottalking, all other users on the same chan-
a CRT and a keyboard. nel benefit with less interference. Thus, the
voice activity cycle reduces mutual interfer-
ence by 65%, tripling the true channel capac-

visual perception  the perceptlor_l of a ity. CDMA is not the only technology that
scene as observed by the human visual sys:

tem: it may differ considerably from the ac- takes advantage of this phenomenon.
tual intensity image because of the nonlinear
response of the human visual system to light
stimuli.

voice coil  the bobbinless coil transducer
element of a dynamic microphone.

voice compression See speech
visual space the complete set of all possi- compression

ble images on a specific set of sampling and
quantization parameters. Any specificimagevoicing  classification of a speech segment
would be a member of this large space. Foras being voiced (i.e., produced by glottal ex-
a 2x 2 bi-level image, the space contains 16 citation), unvoiced (i.e., produced by turbu-
members. Allowing all 3 3 bi-levelimages  |ent air flow at a constriction), or some mix
increases the size of the space to 512 (humof those two.
ber of quantized levels raised to the power
M, whereM is the total number of pixelsin volatile pertaining to amemory or storage
the image). device that loses its storage capability when
power is removed.
Viterbi algorithm an algorithm for find-
ing the most probable sequence given thatvolatile device ~a memory or storage de-
data can be modeled by a finite-state MarkovVice that loses its storage capability when
model. For example, used in maximum like- power is removed.
lihood decoding of trellis codes and in equal-
ization. volatile memory  memory that loses its
contents when the power supply is removed.
VLIW Seevery long instruction word Examples include most types of RAM.
_ ] volt-ampere-reactive (VAR)  a unit of
VLSl  Seevery-large-scale-integration  power equal to the reactive power in a cir-
cuit carrying a sinusoidal current when the
voice means for enabling a computer or product of the root-mean-square value of the
data processing system to recognize spokermvoltage (expressed in volts), the root-mean-
commands and input data and convert themsquare value of the current (expressed in am-
into electrical signals that can be used to peres), and the cosine of the phase angle be-
cause the system to carry out these com-tween the voltage and the current, equals one;
mands or accept the data. Various types ofthe unit of reactive power in the International
algorithms and stored templates are used tdSystem. Also expressed as megavars and
achieve this recognition. kilovars.
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voltage collapse the rapid and uncontrol- voltage controlled oscillator Seevoltage-
lable drop of bus voltage due to a slight in- controlled oscillator
crease in load at the bus, generally charac-
terized by inadequate reactive support in avoltage dip Seesag
high-load area.

voltage distortion  a change from a nom-
voltage variation — long duration a inal clean sinusoidal waveform.

change of voltage RMS value from nominal ) ) )

for a time period greater than 1 minute, and voltage drop  the difference in potential

can be used with the words showing a mag-Pétween the two ends of the resistor mea-

nitude change such as overvoltage, or underSured in the direction of flow current. The

voltage. voltage drop isV = IR, whereV is voltage
across the resistof, is the current through

the resistor, an® is the resistance.
Volta, Alessando (Corte) (1745-1827)

Born: Como, ltaly voltage fed inverter  Seevoltage source

Volta is best known for the invention of inverter.
a number of practical devices including the
first battery (voltaic pile), a simple electrom- voltage feedback op-amp an op-amp in
eter for measuring current and electropho-which the output voltage is controlled by the
rus. Volta was not a theoretical physicist, differential input voltage multiplied by the
but a good researcher. He was able to fol-open-loop gain. A voltage feedback op-amp
low up Benjamin Franklin’s early work and has very high input resistance (the current in
that of Luigi Galvani by devising devices and either input is ideally negligibly small), low
experiments that allowed him to explore the output resistance, and large open loop gain.
physics. Voltais honored by having his name |deally, the bandwidth would be infinite; in
used as the unit of electromotive force, the practice, the finite bandwidth leads to a gain—
volt. bandwidth tradeoff in the closed loop perfor-
mance of amplifiers using voltage feedback

voltage the potentialto dowork, voltageis ©OP-amps. Thus increasing the closed-loop

the ratio of the energy available to the charge,9ain causes a proportional decrease in the
expressed in volts. closed-loop bandwidth.

voltage fluctuation  refers to a series of

voltage coefficient of resistance the S
voltage variations.

change in resistance per unit change in volt-

age, expressed as a percentage of the r(aSiSv_oIta e gain  dimensionless ratio of the
tance at 10% of rated voltage. g€ g

peak-to-peak RF output voltage versus the

o ] peak-to-peak RF input voltage.
voltage and current transmission matrix

a matrix representation for a two port net- \tage instability proximity index ~ an
work that provides the voltages and currentyqex that gives an indication of the amount
at one port as a function of the voltages andof reg| or reactive power margin available in
currentat the other port. Alsoknown as chain {ne system before a voltage collapse occurs.
matrix.

voltage interruption  the removal of the
voltage change a deviation of the peak or supply voltage from any phase, which is of

RMS voltage between two levels that are of momentary, sustained, of temporary dura-
some fixed duration. tion.
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voltage multiplier  an electronic device or no-load voltage, resulting in negative voltage

circuit for multiplying the peak DC value of regulation. Such a condition may lead to in-

an input AC signal. A rectifying circuit that stability and is undesirable.

produces a direct voltage whose amplitude is

approximately equal to a multiple of the peak voltage regulator  similar to a voltage ref-

amplitude of the applied alternating voltage. erence, but provides more output current at a

Voltage doublers are commonly used in con- less precisely controlled voltage. Primarily

sumer electronic products that are designedused to “clean up” (regulate) a varying input

for use in both U.S. and European markets. voltage to provide circuitry with a constant
power supply voltage.

voltage protection the output voltage is

limited to protect the load from an over- voltage sourceinverter apowerconverter

voltage condition. This can be accomplished that takes a DC voltage from a battery or the

by shunting the power-supply output or shut- output of a rectifier and supplies a voltage

ting down the drive circuit for the active of controllable and variable frequency and

switches in a switching supply if the output magnitude to a single or multiphase lo&ke

voltage exceeds a preset value. alsocurrent source inverter

voltage rating  the maximum voltage that voltage spread the difference between a
may be applied to the resistor. power system’s specified maximum and min-
imum voltages.
voltage reference a functional block that
ideally provides a constant output voltage in- voltage stability —a measure of power sys-
dependent of external influences such as suptem stability which considers the system’s ca-
ply voltage, loading, or temperature. Com- pacity to support a given load.
monly used voltage references are based on
the bandgap voltage of silicon (bandgap ref-voltage standing wave ratio (VSWR)
erence) or the reverse breakdown of a zenemnother way of expressing impedance mis-
diode. match resulting in signal reflection. With re-
spect to reflection coefficien®, the VSWR
voltage regulating relay  a voltage reg- may be expressed mathematically as
ulating relay senses RMS voltage level and
issues commands to devices such as load tap VSWR — 1+ | G|
changers, which then adjust the tap position T 1-1G|
to bring the voltage back to the desired level.
See alsaeflection coefficient
voltage regulation  the change in deliv-
ered voltage from a generator or transformervoltage transfer function  any function
from no-load to full-load. Voltage regula- of input to output voltage in ratio form, ex-
tion is usually expressed as a percentage opressed as a dimensionless ratio. The input
the no-load voltage. For a DC generator, thevoltage may be the source voltage or the in-
voltage will always drop as the load increasesput voltage, which differ due to mismatch.
and the voltage regulation will be a positive The output voltage may be the load voltage
quantity. For AC generators and transform- or maximum output voltage, which also dif-
ers, voltage regulation is the difference in the fer due to mismatch. Other voltages could
magnitude of the no-load and full-load volt- also be ratioed, such as the input and output
ages (ignoring phase angles). For capacitivevoltages of a MESFET. The voltage gain of
(leading power factor) loads, the full-load a device is a specific case of a voltage trans-
voltage may have a higher magnitude than thefer function. Regardless of the voltages used,

©2000 by CRC Press LLC



they should be explicitly specified or confu- voltage-controlled oscillator (VCO) (1)
sion will result. an oscillator where the frequency can be con-
trolled by an external voltage. These oscilla-
voltage transformer ~ aninstrumenttrans- tors can be divided into three categories:
former specially designed and optimized for 1. Oscillators based on analog computer
voltage measurement and power meteringsimulation of an oscillating system with
applications. The primary winding is rated quasi-static variable frequency.
to match the system voltage and the sec- 2. Oscillators based on quasi-static vari-
ondary is typically rated at a standard value ation of frequency using voltage-controlled

to match common meters and display units. capacitance of semiconductor diodes or var-
Also called a potential transformer. actors.

3. Oscillators based on control of charge—
voltage unbalance refers to the greatest discharge currents in current-controlled mul-
change of the polyphase voltages from thetivibrators with further nonlinear waveshap-
average polyphase voltage divided by the av-ing of the triangular wave.
erage polyphase voltage. (2) an oscillator whose frequency is de-

signed to be controlled primarily by the am-
voltage unit  a protective unit (in protec- plitude of the applied voltage. The VCO
tive relaying) whose operation depends ex-is one of the building blocks making up the
clusively on the magnitude of voltage. phase-locked-loop circuit.

voltage variation — short duration a  voltage-sourceinverter (VSI) aninverter
change of the voltage RMS value from nom- with a DC voltage input.

inal for a time period from 0.5 cycles to

1 minute, and can be used with the words Volterra integral equation  a linear inte-
sag, swell, and interruption for magnitude gral equation wherein the limits of integra-
changes, and the words instantaneous, motion are functions of position.

mentary, of temporary for showing duration.

Volterra series a series expansion of
voltage-behind-reactance model arep- a nonlinear function around a point. The
resentation of a machine in which the stator Volterra series method is a generalization of
voltage equations are modeled as a voltagethe power-series method useful for analyz-
source in series with a reactance (and typi-ing harmonic and intermodulation distortion
cally aresistance). The voltage source repre-due to frequency-dependent nonlinearities in
sents the back emf present on the stator wind-a device.
ings due to the coupling between the stator
and rotor circuits. In synchronous machine voltmeter  an instrument for measuring a
modeling, several different voltage-behind- potential difference between different points
reactance models have historically been usedof an electrical circuit. Units are volts.
wherein approximations are used to represent
the machine in various detail. volts/hertz control  a method of speed

control of induction machines, used below
voltage-controlled bus in power-flow rated speed. When the volts/hertz ratio is
analysis of an electric power system, a buskept constant, the current through the stator
at which the real power, voltage magnitude, windings remains almostthe same, except for
and limits on reactive power are specified. A very low speeds; hence, the available torque
bus connected to a generator will be so rep-remains constant, but the speed changes due
resented. to change in frequency.
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volume plasmon a volume polaritonina voting circuit  acircuitthat provides fault-
plasma medium. tolerance by comparing its inputs and taking
a majority vote in case of disagreement.

volume polariton  a polariton that propa- | di h iculati f diff
gates in unbounded medium, also referred to/owel diagram  the articulation of differ-

as a bulk mode, wave by 180 degrees. ent vowels is strongly based on the position
. wave by g of the tongue, which can be high/low and

front/back. The diagram defined by these
volume scattering  the reflection of elec-  two dimensions is called vowel diagram.
tromagnetic waves from a collection of par-
ticles or transitions in media properties dis- yoxel the 3-D analogue of a pixel; abbrevi-
tributed throughout a three-dimensional re- gtion of Volumetric Picture Element. Math-

gion. Particles may or may not be immersed ematically it is a point in 3-D space having
orimbedded in a dielectric mediurBee also integer Coordinates; Concrete|y7 it can also

surface scattering be interpreted as a cube of unit size centered
about that pointSeepixel.

volumetric scattering See volume _

scattering voxel adjacency one of three types of ad-

jacency relations defined on voxels:

1.6-adjacency: two voxels are 6-adjacent
if they differ by 1 in one coordinate, the other
two coordinates being equal; equivalently,
the two unit cubes centered about these vox-
els have one face in common.

2.18-adjacency: Two voxels are 18-adjacent
if they differ by 1 in one or two coordi-
nates, the remaining coordinates being equal;
equivalently, the two unit cubes centered
von Neumann, John  (1903-1957) Born:  about these voxels have one face or one edge
Budapest, Hungary in common.

von Neumann is best known for his role in 3- 26-adjacency: Two voxels are 26-adjacent
the development of the theory of stored pro- if they differ by 1 in one, two, or three co-
gram flexible computers. He is honored by ordinates, the remaining coordinates being
the reference to von Neumann machines as £9ual; equivalently, the two unit cubes cen-
theoretical class of computers. von Neumanntéred about these voxels have one face, one
also invented the idea of game theory. As a€dge, or one vertex in common. In these def-

mathematician, von Neumann published sig-initions, the numbers 6, 18, and 26 refer to

operators, and set theory. His workhe given voxel. Seepixel adjacencyvoxel.
Mathematical Foundations of Quantum Me-

chanicswas significant in the mathematical VP-PAW  Seevariable polarity plasma arc
justification of that field. von Neumannwas a Welding

brilliant mathematician and physicist whose

theoretical contributions are fundamental to VQ Seevector quantizationor vector
modern physics and electrical engineering.quantizer

He was the youngest member of the Institute

of Advanced Studies at Princeton, and did VQ encoding Seevector quantization
important work on the Manhattan project.  encoding

von Neumann architecture a stored
program computer design in which data
and instructions are stored in the same
memory device and accessed similarly.
See alsoPrinceton architecture See
single-instruction stream, single data stream
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VSAT  Seevery smal apertue terminal VSWR  Seevoltage standing wave ratio

VS|  Seevoltage-soureinverter VT  Seepotential transformer
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decorrelation capability and is simple to im-

plement.
W Waltzfiltering  alsotermed “Boolean con-
straint propagation”; a method of simplifying

certain tree-search problems. It was origi-
nally developed to solve the computer vision

wafer  a thin slice of semiconductor ma- problem of labeling each edge of a line draw-
terial on which semiconductor devices are ing in order to give a 3-D description of the

made. Also called a slice or substrate. represented object.

semiconductor devices are fabricated. Also

called a semiconductor fabrication facility. Ward—Leonard drive  an adjustable volt-

age control drive system for the speed control
i ; ~  of DC machines, whereby variable voltage
circuits are cut frqm alarge sllce_of mate_nal is supplied to the armature, while maintain-
called a wafer. With wafer scale integration, i, constant voltage across the shunt or sep-
the entire slice of material is used to create a,tely excited fields. The variable voltage
complex circuit. is obtained from a motor-generator set. The
Ward—Leonard drive was frequently used in
elevators.

wafer scale integration  most integrated

wafer sort  a preliminary electrical test of
each die while still on the wafer to eliminate

most of the bad die before they are assembledwarm start (1) reassumption, without

loss, of some processes of the system from
the point of detected fault.

(2) the restart of a computer operating
system without going through the power-on
(cold) boot process.

waitstate abus cycle duringwhicha CPU
waits for a response from a memory or input-
output device.

wall clock  a device providing the time of
day; contrast processor clock. Elapsed wall
clock time for a process does not correspondWatchdog processor  a processor that ob-

with processor time because of time used inS€TvVes some process and signals an alert if a
system functions. certain event happens or fails to happen.

Walsh cover mutua”y Orthogona| se- WatCthg timer aSimple timer CirCU.itrY
quences used in direct-sequence code divithatkeeps track of proper system functioning
sion multiple access, obtained from the rows 0 the basis of time analysis. If the timer is

of a Hadamard matrixSee alstHadamard ot reset before it expires, a fault is signaled,
matrix. e.g., with an interrupt.

Walsh transform  SeeWalsh—Hadamard water resistivity = a measure of the purity
transform of cooling liquid for a power tube, typically
measured in megohms per centimeter.
Walsh—Hadamard transform (WHT)
a transform that uses a set of basis func-watertree amicroscopic cracking pattern
tions containing values that are eithel or  which formsin the insulation of cables which
—1, and are determined from the rows of are immersed in water or direct-buried in the
the Hadamard matrices. This has a modesearth. Seetree
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watercourse a line on a surface (x, y) glish, who supported Watson-Watt, a clear
which represents a watershed of the invertededge in this field. Watson-Watt filed his
surface— f (x, y). The line of steepest de- patentapplicationin1919. His device proved
scent from a saddle point to a minimum is a invaluable to the Allies in World War II.
watercourse. Watercourses meet watersheds

at saddle points. watt  unit of power in the S| system of

) units.
watershed a line on a surfacef (x, y),

Eyp|cally an |mag?, Wh.'Ch divides it into Watt, James (1736-1819) Born: Green-
catchment areas.” Within a catchment area,
. -~ "ock, Scotland, U.K.
lines of descent all connect to the same mini-
mum point. The line of steepest ascent from  Waittis best known for his work in the de-
a saddle point to a maximum is a watershed.velopment of efficient steam power. Watt
Watersheds often correspond to ridges. began his career as an instrument maker.
When asked to fix a troublesome Newcomen
Watson, Thomas J., Jr.  Watson is best €ngine, he began to make improvements.
known as the president of IBM who led the Watt eventually partnered with industrialist
company into adominant positioninthe com- Matthew Boulton to form a steam engine
puter industry. Watson took over his father’s company. Watt is credited with having de-
company, changed the structure, and movedvised the horsepower system. The unit of
the company away from the card tabulating Power, the watt, is named in his honor.
business in which they held a dominant posi-
tion. Watson Jr. oversaw the development ofwatt-VAR meter ~ meter capable of si-
the IBM System/360 machines, which were multaneously measuring the real and reactive
to give the company a dominant position in power delivered to an AC load.
computing.
wattmeter  an instrument for measuring
Watson, Thomas J., St (1874-1956)  giecric power in watts. A wattmeter re-
Born: Cambell, New York, U.S.A. quires connections to measure both the cur-

Watson is best known as the president gnt through and the voltage across the load
of IBM (International Business Machines). being measured.

While Watson was not a technical person, his
position as head of IBM put him in a position
of supporting the development of a number
of devices, both electronic and mechanical,
leading to the development of the modern
computer industry.

wave equation  equation governing the
evolution of a wave; in electromagnetics any
of several equations or equation sets starting
from the most general, nonlinear multivari-
able differential Maxwell-Heaviside equa-
(1892— tions and ranging down to the simplest first-

Watson-Watt, Robert Alexander ;
order rate equations.

1973) Born: Brechin, Angus, Great Britain
Watson-Watt is most famous for his pi-

oneering work in the development of radar. Wave impedance the ratio of the trans-

Watson-Watt's work is based on the princi- Verse e!ectric and magnetic fields inside a

ples elucidated by Faraday, Maxwell, and Waveguide.

Hertz. A German physicist, Christian

Hulsmeyer had filed a patent in 1904 for an wave optics  formalism for optics in which

earlier device. Lack of enthusiasm from the the fields are represented as wave phenom-

German government and the governments inena, in contrast to other ray or particle optics

France and the United States gave the Enmodels.
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wave plate transparentanisotropic mediumbounded region of the structure. Although
that introduces polarization-dependent phasemnost waveguides utilize a hollow or dielec-
shifts on an optical wave. tric filled conductive metal tube, a solid di-

electric rod in which the dielectric constant
wave polarization  a description of the ofthe rod is very much different from the di-
time-varying behavior of the electric field electric constant of the surrounding medium
vector as some fixed pointin space. Elliptical canalso be usedto guide awave. Waveguides
polarization is the most general polarization rapidly attenuate energy at frequencies below
and special cases include linear and circularthe waveguide lower cut-off frequency, and
polarizations. are limited in bandwidth at the upper end of

the frequency spectrum due to wave attenua-
wave propagation the transfer of energy tion as well as undesired mode propagation.
by electromagnetic radiation.

o o waveguide interconnect interconnect
wave winding  an armature winding on @ yhat yses a waveguide to connect a source
DC machine in which the two ends of each , 5 getector. A waveguide is used for im-
coil are connected to bars on opposite Sidesplementing a bus. The merits are large band-

of th_e commutator ring. The wave winding width, high speed of propagation, and com-
provides two parallel paths through the ar- asipility with integrated optics and opto-
mature winding, regardless of the number of 4 octronics.

poles in the machine.

waveform coding  refers to the class of waveguide laser alaser in which amplifi-

sighal compression methods that are basedation occurs within a waveguide that is con-
on a criterion where the input waveform is fining the laser modes in the transverse direc-

to be resembled as closely as possible acon-

cording to some criterion, e.g., minimum
squared error, by the reproduced coded verwavelength  a constant that describes the
sion. Waveform coding contrasts parametric distance a periodic wave must travel in or-
coding techniques. der to repeat itself. For example,iifz, ¢)

is a periodic wave and if the wave travels a
waveform distortion  refersto a deviation distancer, thenv(z + A, 1) = v(z, 1).
from a steady-state clean sine waveform.

wavelength division multiplexing (WDM)
atechnique toincrease capacity and through-

metric speech coding method where a char-put of systems by using a number of wave-
acteristic waveform, a prototype waveform, length channels simultaneously.

is extracted from the speech signal at regu-
lar time instants and the intermediate signal is
interpolated. Waveform interpolation coding

is mostly used in low bit rate speech coding.

waveform interpolation coding para-

wavelet  a basis function that is obtained
by translating and dilating a mother wavelet;
it has such properties as smoothness, time-

wavefront  front of a wave; often a surface frequency localization, orthogonality, and/or
of constant phase. symmetry.

waveguide a system of conductive or di- wavelet coding coding a signal by coding
electric materials in which boundaries and the coefficients of the wavelet transform of
related dimensions are defined such thatthe signal. The discrete wavelet transform is
electromagnetic waves propagate within theoften used in image compression.
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wavelet packet a family of scaling func- two paths and eliminates the weak localiza-

tions and wavelets by translation and dilation tion contribution to the resistance.

of a mother wavelet and a scaling function

following a binary tree structure. weak localization of light enhanced
backscattering; sometimes also called oppo-

wavelet shrinkage a non-parametric esti-  sition effect.

mation method to remove noise from a signal

by shrinking wavelet coefficients of a signal weak SPR function = Seeweak strictly

towards zero. positive real function

wavelet transform  a computational pro- weak strictly positive real function a
cedure that to represent a given functigqn) rational functionH (s) = n(s)/d(s) of the

by basis functiorp, calculates complex variable = o + jo that satisfies
1 infty _ the follow!ng propertles: .
x(a,b) = _f x(t)p(——)dt, 1.a(s) is a Hurwitz polynomial.
Mlal J=ingey a 2. Re[H(jw)] > Oforallw > 0.
wherea andb are real numbersSee also 3. The degrees of the numerator and de-
inverse wavelet transform nominator polynomials differ by, at most,
one.

wavenumber  a constant that relates the ~ 4.1f3(b) > d(a), thenlim, . [H (j®)1/
spatial rate of change of phase for a propa-J« > 0, wherej(b) denotes the degree of the
gating wave. The wavenumber is mathemat-Polynomial and similarly fora.

ically equal to Z/x, wherex is the wave- ) . .
length. SI units are radians per met@ee Wearoutfailure failure mechanismcaused

alsophase constant by monotonic accumulation of incremental
damage beyond the endurance of the prod-

WDM See wavelength division uct.

multiplexing

Weber, Wilhelm (1804-1891) Born:
weak interconnection  a connection be- Wittenberg, Germany
tween two power systems which has a high Weber is best known as the person who
impedance and thus allows local disturbancesdeduced that electricity consists of charged
at either end to threaten the synchronizationparticles. Weber held several university ap-
of the two systems. pointments including professorships at Got-

tingen, where he had a very productive col-
weak localization ~ the name given to a laboration with Karl Gauss. Weber insisted
process of self-interference of carriers in a on precision in his mathematical and exper-
mesoscopic system in which the transport isimental work. He developed a number of
quasi-ballistic. A significant fraction of the very precise measurement instruments. His
carriers can be scattered by impurities back toefforts helped establish a sound foundation
their initial position in phase space, at which for the study of electricity and magnetism.
point they interfere with each other leading He is honored by having his name used as
to an additional resistance. Since the scat-the Sl unit of magnetic flux density, the we-
tering path can be traversed in either direc-ber.
tion (which are time reversed paths of one an-
other), it is said that the additional resistance Weber’'s law  an experimental result that
is made up of continual interference betweenstates that the smallest luminance increment
the two time-reversed paths. A small mag- AL at which a region of luminancé + AL
netic field breaks up this equivalence of the is just discernible from a background of lu-
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minancelL is such that the ratic?AL/L is
constant. See alsobrightness constangy
simultaneous contrast

weighting filter  a standardized filter used
to impart predetermined characteristics to
noise measurements in an audio system.

wedge ring detector a special photode- weightless network  networks that are
tector structure consisting of wedge elementstrained, not by changing weight values, but
and annular half-ring shaped elements, eactby modifying the contents of a memory de-
set covering a semicircle. This structure de-vice, usually a RAM.

tects feature without regard to scale with the

wedges, and without regard to rotational ori- Welch bound
entation with the annuli.

lower bound on the to-
tal squared cross correlation of a multi-set
of sequences. FoN complex—valued se-
weight decay a technique employed in quences;,i = 1,2, ..., N, each of energy
network training that aims to reduce the num- s*.s; = L,

ber of interconnections in the final, trained
network. This is achieved by penalizing the
weights in some way such that they have a
tendency to decay to zero unless their values
are reinforced.

N N
ZZ}S?‘.sjyzz K2L .

i=1j=1

weight initialization ~ the choosing of ini-  Westinghouse, George (1846-1914)
tial values for the weights in a neural network Born: Central Bridge, New York, U.S.A.
prior to training. Most commonly small ran- Westinghouse is best known as a financier
dom values are employed so as to avoid sym-and industrialist during America’s age of
metries and saturated sigmoids. great commercial expansion. What is less
known today is that Westinghouse’s fortune
weightsharing ascheme underwhichtwo was based on his early inventions in the rail-
or more weights in a network are constrainedroad industry. His braking system was even-
to maintain the same value throughout thetually adopted in most rail cars. Westing-
training process. house went on to secure over 400 patents
in the rail and the gas distribution indus-
tries. Before hiring Tesla and buying his
patents, Westinghouse had been a champion
of alternating current for power distribution.
His company provided illumination for the
great Chicago Exposition of 1893. Before
his death, Westinghouse was to lose control

weighted Euclidean distance fortworeal
valued vectors = (x1, x2, ..., x,) andy =
(1, Y2, . .., yn), defined as

Dy(x.y) =/ =Ty —y).

wherey is the inverse of the covariance ma-
trix of x andy, andT denotes the transpose.
See alsdMahalanobis distance

weighted mean squared error (WMSE)
a generalization of the mean squared error.

weighted residual  a different form of the
moment methodSee alsanoment method

weighted similarity
Euclidean distance

See weighted
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of the companies that bear his name. Un-
daunted, he returned to the laboratory for a
number of additional years of invention.

wet etching  a process that uses liquid

chemical reactions with unprotected regions
of a wafer to remove specific layers of the
substrate.

wet withstand test  a withstand test that
is conducted under conditions which include
simulated rain or fog.



Weylidentity  anexpansion of a spherical white noise the noise that in its spectrum
wave in terms of plane waves is known as thecontains constant energy per unit bandwidth

Weyl identity and may be written as independent of frequencysee alsahermal
noise
—jk ; — j kyxhyy)— jik o ) . .
e/ _ _L/OO /Oo e~ by kil whiteningfilter  afilter that whitens noise,
r 21 Jooo Joo k; i.e., one that brings noise whose power spec-
dk, dk, trum is not white into this condition, e.g., by

means of a frequency dependent filter. Noise
whitening is a vital precursor to matched fil-
Wheatstone bridge abridge circuitwhere  tering.
all arms are resistors. The condition of bal-
ance in the circuit is used for precise mea-\WHT  SeeWalsh—Hadamard transform
surement of resisors. In this case, one of
the arms is an unknown resistor, another armyjige pand ~ property of a tuner, amplifier,

sistor box), and two other arms (called ratio frequencies.

arms) are variable resistors with a well de-

termined rat_io. When the condition of bal- wide band FM
ance is achieved, one can calculate the un
known resistor multiplying the standard re-
sistor value by the ratio of ratio arms re-
sistors. The precision of measurements is

0,
%?5 \/X/:lor tthte ran%e_jo o_hms tzlf mego_h{n.wide sense stationary uncorrelated scat-
€ catstone bridge Is used Tor resis Ortering (WSSUS) channel a randomly

mez_asurements at_ DC and AC (in the univer- time-variant channel whose first- and second-
sal impedance bridges). . order statistics (means and correlation func-

_Moreover, the .V\'lheatstone bridge is tions) are independent of time and frequency.
widely used in resistive transducers Where-l-he frequency independence translates into

one or more arms IS substituted by reswtprsthe uncorrelated scattering requirement. In a
the resistance of which depends on a physma\NSSUS multipath channel, the random pro-

:/ar;]able (tenljper.ature,hprss?re_, fo;ce, itcl')'cess pertaining to a signal caused by any re-
nthese applications, the deflectionfrombal- o\, o6 scatterer (reflector) is:

ance is used for measurement of the physical . : . .
. 1. wide sense stationary, i.e., its mean
variable. . . .
and correlation functions are independent of

whetstone  the speed of a processor as time, and

contribution.

frequency modulation
‘scheme where the ratio of peak frequency de-
viation to the frequency of modulating signal
is larger than 0.2.

Whetstone benchmark abenchmark test

program for scientific computers originally wide-area network (WAN)  a computer
written in Fortran at Whetstone Laboratories, communication network spanning a broad
England. geographic area, such as a state or country.

whisker contact diode a technique for wide-sense stationary process a stochas-
mounting very high frequency diodes in a tic processt(¢) for which the meamn(t) =
waveguide that involves a thin pointed wire m = constant and the covarian€gry, 2) is
or whisker that acts as both an antenna intoa function of only] 11 — 2 |. In this case, we
the guide and as a bias contact. write C(t1, t2) = C(T) whereT =1t — 1.

©2000 by CRC Press LLC



Widrow-Hoff learning rule a gradi- Wiener, Norbert (1894-1964) mathe-
ent descent learning rule for calculating the matician whose contributions include Brow-
weight vectorw for a linear discriminant nian motion, stochastic processes, general-
which minimizes the squared error objective ized functions, harmonic analysis, control

function. The vectoi is modified as theory, and optimal filtering. Established the
field of cybernetics, author of “Cybernetics:
B+ 1) = w0 +amn)d— bl (n)F)F or Controland Communicationinthe Animal

and the Machine.”

whereXx is an input vectord is the desired
output, ando(n) is the weight vector atiter- Wiener filter filter that attempts to re-
ationn. duce signal noise by separating and sup-
pressing the power spectrum of the noise
Wien bridge  a bridge circuit where one from the power spectrum of the signal. The
armis a series connection of a resistor and catncertainty in the estimation of the noise
pacitor, another arm is a parallel connection Power spectrum will cause the signal to be
of aresistor and capacitor (these two arms aréémoothed.  Also known as the least-mean
called reactance arms), and two other armsSquare filter.
(called ratio arms) are resistors. The balance
detector is connected between the commonwilkinson coupler  a coupler that splits
point of ratio arms and the common point of 3 signal into a number of equiphase and
reactance arms, a sinusoidal voltage sourcequiamplitude parts. It provides isolation be-
is connected to another bridge diagonal. Thetween output terminals by connecting resis-
Wien bridge was initially designed as a fre- tors between each output terminal and a com-
quency measuring circuit; now the main part mon junction. A coaxial type coupler was
of its application is the Wien bridge oscilla- first proposed by Dr. Wilkinson. In recent
tor. years, not only coaxial type but also MIC
(microwave integrated circuit) type Wilkin-
Wien bridge oscillator (1) an oscillator  son couplers are practically used for various
where the Wien bridge is used in the am- kinds of microwave circuits.
plifier feedback. The frequently used cir-

cuit_inclqdes equal resistors and equa! C&williams tube memory amemory device
p"’.‘c'tOrS In reactance b_ranches of the pr'dge;based on electric charges being stored on the
th's. arrangement prov ides easy ContiNUOUSy -y e of a cathode ray tube. Now obsolete.
tuning of the oscillation frequency. Tun-

ing of the bridge providing high indirect fre-

quency stability of oscillations is easily com- Wilson central terminal  reference point
bined with application of an operational am- for forming most of the standard ECG leads.
plifier as oscillator active element. The cir- Itis the average of the right arm, the leftarm,
cuit of amplitude control is also easily at- and the left potentials. It is a time-varying
tached. All these advantages provide widereference.

spread of Wien bridge oscillators in high and

low radio frequency ranges of applications. \vinchester disk  a type of magnetic disk

(2) a form of feedback oscillator that uses for data storage. Its characteristic property
a noninverting amplifier along with a feed- is that the disk and the read-write head are
back path that produces a phase shift of zergplaced in a hermetically sealed box. This
degrees at the operating frequency. The feedallows higher recording density as the read-
back network contains only two reactive ele- write head can be moved closer to the disk
ments of the same type. surface.See alsalisk head
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wind—electric conversion the process by under consideration. In this window opera-
which wind (mechanical) energy is converted tion, the gray level of the pixel is replaced
to electrical energy, usually by the use of by a function of its original gray level and
wind turbine. the gray levels of other pixels in the window.
Different functions represent different oper-
wind farm  aplot of land on which several ations: in particular, they will be suitable for
power-generating windmills are placed. differentfiltering or shape analysis tasi&ee
alsomedian filter thinning
wind power generator  a system that uti-

lizes the energy in the wind to generate elec-\yjindscale incident anuclear power plant

tricity. The energy in the wind drives awind 5ccident at the Windscale plant in Great
turbine which acts as the prime mover for the gyitain.

generator. A wind turbine operates at a vari-
able speed, and an appropriate electric ma-

. . winner-take-all network a network in
chine and controller converts the mechanical . L T
. . . which learning is competitive in some sense;
energy into electrical energy and pumps it

into a utility arid for each input a particular neuron is de-
y gnd. clared the “winner” and allowed to adjust its
weights. After learning, for any given input,

winding  a conductive path, usually wire,
only one neuron turns on.

inductively coupled to a magnetic core or
cell.
wiped joint  a fused joint used in splicing
winding factor  a design parameter for lead-sheathed cables.
electric machines that is the product of the
pitch factor and the distribution factor. wipe system in television, a system that
allows the fading in of one channel of video as
window any appropriate function that a second channel of video is faded out with-
multiplies the data with the intent to mini- out loss of sync.
mize the distortions of the Fourier spectra.

] ] ) ] wired OR  a circuit that performs an OR
window operation  an image processing gneration by the interconnection of gate out-
operation in which the new value assigned to puts without using an explicit gate device.

a given pixel depends on all the pixels within 5, open collector bus performs a wired OR
a window centered at that pixel location. function on active-low signals.

windowing  the process of opening a win-

dow. wireframe (1) 3-D object representation

containing only edge and vertex information.

In signal processing, itis common to open . .
i : : - It may produce ambiguous images (e.g., the
only a certain restricted portion of the avail-
Necker cube).

able data for processing at any one time: such
a portion is called a window or sometimes a  (2) a model that approximately represents
mask or neighborhood‘ For instance AR a solid object by using several hundreds of
filter design, a technique known as window- triangles. It is used in applications such as
ing is used for truncation in order to design facial coding, facial recognition and indus-
an FIR filter. The design of window becomes trial component mensuration.
crucial in the design.

Inimage processing, it is a common prac- wireless local area network (WLAN) a
tice that a square window of (for example) computer network that allows the transfer of
3 x 3 pixels is opened centered at a pixel data without wired connections.
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wireless local loop  a wireless connection world modeling describes the geomet-
(using a radio link) between a subscriber ter- ric and physical properties of the object (in-
minal (for example, atelephone) and the local cluding the robot) and represents the state
exchange of the public switched network.  of the assembly of objects in the workspace.
World modeling makes it possible to imple-
withstand rating  the maximum voltage ment many of the features of a task-level pro-
that electrical equipment can safely with- gramming systemSee alsmbject-oriented
stand, without failure, under specified test programming
conditions.
WORM  Seewrite once read many
withstandtest  atestof aninsulator’s abil-

ity to withstand a high voltage of some spec- Worst-case design a family of control de-
ified waveform. sign algorithms in which parameter perturba-

tions and/or disturbances are estimated to be-

WLAN  Seeawireless local area network  have in the most unfavorable way from con-
trol objective point of view. This assump-

WMSE See weighted mean squared tionleads usually to various min-max control
error. algorithms based on static min-max, nonco-
operative game theory or H infinity design.
word parallel processing of multiple Since the worst-case estimates are conserva-
words in the same clock cycle. tive, the resulting controllers, although ro-

bust, may be in some sense too pessimistic.

wordspotting  detection or location of See alsaobust controller design

keywords in the context of fluent speech. o
worst-case measure of sensitivity for the

monitor work progress through any number cOmponents; having tolerance constants
of departments. (these are considered to be positive numbers),

ie.,
work function ~ amount of energy neces-

sary to take out an electron from a material. Xio(l—€) =xi =xio(l+e€)

working set the collection of pages, we have

w(t, T), referenced by a process during the wp [ 1 Flio
time interval(t — T, t). My = / (Z ‘ReSx,-(J X Ei) d
@ i=1

1

working-set policy a memory allocation

strategy that regulates the amount of mainwound rotor induction motor  an induc-

memory per process, so that the process igion motor in which the secondary circuit

guaranteed a minimum level of processing consists of a polyphase winding or coils con-

efficiency. nected through a suitable circuit. When pro-
vided with slip rings, the term slip-ring in-

workstation  a computer system designed duction motor is used.

for engineering design calculations, charac-

terized by (comparatively) large main mem- wraparound (1) a phenomenon in signal

ory, high floating point computational speed, processing that occurs in the discrete case

and a high resolution graphic display system.when signals are not properly manipulated.

It is used primarily in engineering and scien- For instance, in circular convolution, if the

tific applications. length of signals is not properly chosen, i.e.,
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there are not sufficient zeros appended at theaumber of processor wait cycles due to long
end of the signals, the so-called wraparoundlatency write operations.
error will take place, that is, the contributions
from different periods will overlap. write instruction  a processor instruction
(2) the returning to a zero state when a that stores information into memory from a
register or pointer at its maximum value is processor register or a higher level cache.
incremented or one at its minimum value is
decremented. write invalidate  a protocol for maintain-
(3) a condition code or indicator that may ing cache coherence in multiprocessor sys-
be set, or a program segment that is executedems. Each time a shared block in one cache
when a register wraps around. is updated, a message is sent that invalidates
(removes) copies of the same block in other
wraps  pre-formed wire grips or ties for cache memories. This is a more common
mechanically joining overhead conductors to alternative than write broadcast protocols.
insulators.
write once read many (WORM)  used to
Wratten filter  a light filter for separating refer for memory devices that allow data to
colors. Itis available in transparent sheets ofbe written once after device fabrication, and
various colors and is useful in photography to be read any number of times. A typical
and in several phases of electronics, includ-example is PROM.
ing the operation of color meters and color
matchers. write policy  determines when copies of
data are updated in a memory hierarchy. The
wrist  foramanipulator, refers to the joints two most common write policies are write
in the kinematic linkage between the arm and through and write back (copy back).
hand (or end-effector). Usually, wrist allows
an orienting the manipulator. Therefore, the write through  a write policy that stipu-
main role of the wrist is to change the orien- lates that when a copy of data is updated at
tation of the hand (or end-effectoi$ee also  one level of a memory hierarchy, the same
spherical wrist data are also updated in the next outer level.
Write through is usually only used in low-
write allocate  part of a write policy that level caches. Its advantages are that it is fast
stipulates that if a copy of data being updatedand simple to implement, and that it always
is notfoundin one level ofthe memory hierar- guarantees that the next level of the memory
chy, space for a copy of the updated data will hierarchy has a valid copy of all data. Its
be allocated in that level. Most frequently main disadvantage is that it generates much
used in conjunction with a write-back policy. data traffic to the next level.

write broadcast  a protocol for maintain- write update  Seewrite broadcast

ing cache coherence in multiprocessor sys-

tems. Each time a shared block in one cachewrite-after-read hazard See anti-

is updated, the modification is broadcast to dependency

all other caches. Also referred to as write

update. write-after-write hazard See output
dependency

write buffer  a buffer that stores memory

write requests from a CPU. The write requestwrite-back  Seecopy-back

in the buffer are then served by the mem-

ory system as soon as possible. Reduces therite-back cache  Seecopy-back
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write-through cache  when a location in  is performed with the help of timer settings
the cache memory is changed, the corre-and contactors.
sponding location in main memory is also

changed. wye-delta transformer  a connection of

a three-phase transformer with one primary

and one secondary which can be considered
as three similar single-phase transformers.
The primary is connected in wye, that is one

terminal from each phase is connected to neu-
tral and one to a line voltage. The secondary
is connected in delta, with each phase con-
nected between two line voltages.

written-pole motor  a single-phase motor
that uses a coil to write poles on the magnetic
rotor. The advantage of the written-pole mo-
tor is that it draws much lower starting cur-
rent, allowing much larger single-phase mo-
tors. The development of this motor has been
sponsored by the Electric Power Research In
stitute.

Wronskian ~ matrix whose determinant Wye-wye transformer a three-phase
is used to test the linear independence oftransformer with both the primary and sec-

solutions to differential equations (such as ondary coils connected in wye. This con-
Maxwell's equations). nection is considered undesirable, due to the
triple harmonics in the exciting current. To

WSSUS channel Seawide sense stationary maintain balance load voltages under varying

uncorrelated scattering channel loads, it is necessary to solidly connect the
primary and secondary neutrals to ground.
wye connection SeeY connection This may allow some secondary current to

flow on the primary neutral and may also
wye-connection  a three phase source or cause interference with parallel communica-
load connected in the form of Y. tion lines.

wye-delta starter a motor starter that wye-wye-delta transformer a three-
starts a three-phase AC motor in wye or starphase transformer in which the primary and
configuration so that the motor starts on ap-secondary coils are connected in wye. In or-
proximately 58% of normal voltage, with a der to overcome the problems with the wye-
two-thirds reduction in starting current. As wye connection, a set oftertiary coils are con-
the motor approaches operating speed, theyected in delta to provide a path for the triple
windings are reconfigured in delta configura- harmonic components of the exciting current
tion so that full voltage is applied for normal tg circulate.

operation. The transition from star to delta
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X-ray laser a laser that has emission
shorter than 30 nm (soft X-rays) or shorter
than~ 1 A (hard X-rays); laser producing its

X output in the X-ray region of the spectrum.
Also called an X-raser.

X-ray lithography lithography using
light of a wavelength in the range of about
0.1 to 5 nm, with about 1 nm being the most
common, usually taking the form of proxim-
ity printing.

X-raser  SeeX-ray laser

X-ray  short wavelength electromagnetic
radiation; often considered to range from
about 0.1 to 10(4.

X-rayimage adigitalimage whose pixels XOR  Seeexclusive OR

represent intensities of x-rays. The x-rays

may come from artificial sources (medical XOR gate  a logic gate that performs the
images) or arise naturally (astronomy). Also exclusive-OR function. Exclusive OR is de-
importantin modern inspection systengee  fined for two inputs as one or the other being
alsoimaging modalitiesmedical imaging true but not both.
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cation of DC biasing voltages and currents (
See alsdias voltage or curreht RF yield

refers the percentage of chips that properly
process RF/microwave signals.

YIG  Seeyttrium iron garnet

Y connection athree-phase source orload VIG fil S — fil
whichis connected such that the elements are Iiter eeyttrium iron garnet filter
connected in parallel and are thus represented ] ]

in a schematic diagram in a Y or star—shapedY!G resonator  Seeyttrium iron garnet
configuration. resonator

Y-bus amatrix which contains the admit- Y!Q  the standard format used in U.S.

tance of each element in an electric powercolor television. In this standard the im-
system. age is coded asY (luminance), I(phase)

and Q (quadrature phase) can be calculated

y-parameters the input and output admit- from RGB values as followsY = 0.30R +

tances that are used to characterize a two por®-99G +0.11B, I = 0.28G +0.59R —0.32B
device (network). andQ = —0.53G + 0.21R + 0.31B.

YAG  Seeyttrium aluminum garnet yttrium aluminum garnet (YAG) host
material for rare-earth ions, such as neody-
Yagi-Uda array  a wire antenna array Mmium, used for laser systems. Basis for im-
consisting of three key components: portant laser media when doped with appro-
1. a dipole antenna (roughly a half wave- priate ions, especially neodymium; output
length in length) that connects the antenna tofrequencies mostly in the near infrared. Also
a source or load, written YAIG.
2.areflector element (slightly longer than

the dipole antenna), which is a wire that Yttrium iron gamet (YIG)  a ferrite of-
is placed behind, but not connected to, theten usedin microwave devices. This material

dipole antenna, and (Y3Fe012) has a complicated cubic crystal
3. director elements (slightly shorter than Structure with eight formula units per cell.
the dipole antenna), which are wires that are The five Fe ions per formula unit are dis-
placed in front of, but not connected to, the tributed between antiparallel sublattices, giv-
dipole antenna. The Yagi—Uda array is com- ing the material its ferrimagnetic structure.

monly used in the reception of television sig- = . .
nals. yttrium iron garnet filter  atunable filter

employing externally biased YIG and oper-
y|e|d percentage of acceptab|y good ChipS atlng near its fel’rlmagnetlc resonance.
to the total chips considered at a certain level

of a MMIC process. High yield is one of the YIlrium iron gamet resonator  a tun-
mostimportant parameters of a cost-efficient 2P1€ resonator employing externally biased

process. DC yield refers to the percentage of Y1G and operating near its ferrimagnetic res-
chips that behave appropriately to the appli- ©"aNnce.
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zener diode. Zener breakdown occurs when

the electric field in the depletion layer in-
Z creases to the point where it can break cova-

lent bonds and generate electron-hole pairs.

zener diode a pn-junction diode that has
_ an abruptrise in current at a reverse-bias volt-

Z  Seempedance ageV., which is usually between 3 to 6 volts.
. Zener diodes are deliberately fabricated to
Z;  common symbol for load impedance. gperate in the reverse breakdown region at a
specified voltage and are often used in volt-

Zs ~ common symbol for source impe- e reference or voltage regulator circuits.

dance.

zero  the values of a complex function

which cause the value of the function to equal
zero. The zeros are all natural frequencies
of vibration, or resonances of the circuit de-

z-parameters  the inputand outputimped- scribed by the equation. They are influenced

; y all elements in the circuit, and will move
ances that are used to characterize a two port - o .
. with any circuit element change (susceptible
device (network).

to load pulling).

Z-bus amatrix which contains the imped-
ance of each elementin an electric power sys
tem.

z-transform  a mathematical transforma-

tion that can be applied to a differential equa-
tion of a system in order to obtain the sys-
tem’s transfer function. The z-transform is
defined as

zero coprimeness of 2-D polynomial ma-
trices 2-D polynomial matricesA ¢
FPX™[z1,20], B € F*" [z1,22] (p +q =

m > 1) are called zero right coprime if there
exists a pairfz1, z2) thatis a zero of al x m

as _ minors of the matrix
Z{fmy=F@2)=Y_ fmz™"
n=0

»)
wheren is the series of discrete samples, [B

f(n) is the series of sample values corre- 2.p polynomial matriced € F™*” [z1, z2],
sponding to the discrete samples. B € F™*4][z3, z2] are called zero left co-

The z-transform can also be written in prime if the transposed matricad, BT are
terms of the Laplace transform variahle zero right coprime.

and the sampling period") as

Ts zero crossing  a point where a function
changes sign; in a digital imade a pointx
for which 7 (x) > 0 and/(x + Ax) < O for

ZCS  Seezero current switching someAX, or vice versa.

i=e

Zeeman broadening inhomogeneous zero current switching (ZCS)  the con-

spectral broadening of a transition in a lasertrol of converter switches such that the switch

medium due to Zeeman shifts that vary is turned on or off only when the current

among the laser atoms or molecules in thethrough it is zero at the switching instant.

medium. This is typically achieved through the use of
some form of LC resonance.

zener breakdown the electrical break-

down occurring on the reverse biasing of a zero divide  Seedivide by zero
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zero flag  a bit in the condition code reg-

G (z1,22) = Ez120 — Ag — A1z1 — A2

ister that indicates whether the result of the p (;, o) .= By + Biz1 + Bozo

last arithmetic or logic instruction is zero (1
for zero, O for not zero).

zero input response (ZIR) the response

if rank S (zcl), zg) < n+ min(m, p)

wherex;; € R" is the semistate vectar;; €

of a system to initial conditions (i.e., to the pm isthe input vectory,; € R? is the output
initial energy presentin the system) only. For \actor Aw, Bx (k = 0,1,2), C, D are real
example, the zero input response (ZIR) of ymarices withE possibly singular. A zero of

the RC circuit shown in the figure is the sig-
naly.;-(¢), t > 0 to the initial voltage across

the capacitor, with zero voltage applied at the

source.
R
Lo,
f()=0 c Vc(t=0'):v0/\ ¥, ®
RC circuit zero input response.

zero of 2-D transfer matrix
plex numbersZ?, z9)

apair of com-

N (z1, z2)
d(z1,22)°
N (z1,22) € RP*"[z1, z2]

T (z1,22) =

that satisfy the condition that the rank of
the matrix (z2, z9) drops below the normal
rank of the polynomial matri¥/ (z1, z2), i.e.,

rank N (z(l), zg) < min(m, p)

whereRP*™ [z1, z2] is the setp x m poly-
nomial matrices irxy andzo with real coef-
ficients.

zero of generalized 2-D linear system a
pair of complex numbers}, z9)
Exit1j+1 = Aoxij + Awxiq1,j + A2xi jy1
+ Bouij + Bauiy1,j + Boui j+1
Yij = Cxij + Du;;j
with the system matrix

G (z1,22) —B (z1, zz)]

S(z1,22) = [ C D
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2-D transfer matrix. See alsaero of 2-D
transfer matrixis always zero of the system.

zero order hold (ZOH)  a procedure that
samples a signal(¢) at a given sampling in-
stantand holds that value until the succeeding
sampling instant.

zero padding technique where a discrete

finite length signal is padded by adding some
number of zeros at the end of the signal. The
discrete Fourier transform of a zero padded
signal has more frequency samples or com-
ponents than that of a nonzero padded sig-
nal, although the frequency resolution is not
increased. Zero padding is also sometimes
used with the discrete Fourier transform to

perform a convolution between two signals.

zero phase filter  a filter whose Fourier
transformis purely real. Inthis way the phase
response is zero. Afilter considered as a sig-
nal has zero phase if it is an even signal.

zero sequence the set of in-phase compo-
nents used in symmetrical component anal-
ysis. Zero sequence currents are closely as-
sociated with ground current in a grounded
wye system, and do not directly flow in an
ungrounded delta system.

zero state response (ZSR) the response
of a system with zero initial conditions (i.e.,
zero initial energy present in the system) to
an applied input. For example, in the follow-
ing circuit, the zero state response (ZSR) is
the signaly,s,(¢), t > 0 when the input volt-
age f (¢) is applied, and there is zero initial
voltage across the capacitor.



s acterized by only one cost function, which is
. f\/ minimized by the first player and maximized
f(®) Q C =V, (=0 )=0 y,.(®  bythe secondone. Tothe zero-sum game one
could also transform a constant-sum game in

which the sum of the cost functions is con-
stant. The solution in the zero-sum games

zero voltage switching (ZVS)  the control ~ has a form of saddle-point equilibrium, and
of converter switches such that the switch is 0Ughly speaking it exists for problems in
turned on or off only when the voltage across Which max and min operations on the cost
it is zero at the switching instant. This is function commute. In zero-sum games with-
typically achieved through the use of some OUt equilibrium in pure strategies it is possi-
form of LC resonance. ble to find saddle point in mixed strategies if
the game is played many times in the same
zero-address computer  a class of com- conditions. The resulting outcomes are aver-

puter based on zero-address instructions@d€ gains or losses of the players.

Stack-based calculators use zero-address

computers and can be programmed using?/9-Zag ground (1) a grounding arrange-
postfix notation. ment which is used to supply single phase

grounded circuits from an ungrounded three-
zero-address instruction  a class of as- Phase delta connected electric power line.

sembly language ALU instruction in which ~ (2) the winding arrangement within a

the operands are kept on a first-in-first-out grounding transformer.

stack in the CPU, and thus require no explicit

addresses. zinc oxide arrester  a lightning arrester
that consists of a stack of ZnO disks stacked

zero-coefficient sensitivity analysistech-  within a vented porcelain tubeSeegapless

nique used for evaluation of circuit functions arrester

strongly dependent on zero locations (some

bridge circuits and bridge oscillators). Zero- zip  afile formatand a set of data compres-

coefficient sensitivity is introduced in a way Sionalgorithms used to store one or more files

similar to pole-coefficient sensitivity. in a single file. Originally devised by Phil
Katz and placed in the public domain.

RC circuit zero state response.

zero-error capacity  for a given channel,

the highest information transmission rate, ZIR  Seezero input response

such that there exists channel codes with de-

coding error probability identically zerGee  Ziv—Lempel (ZL) coding  a method for

alsocapacity region lossless source coding, due to J. Ziv and A.
Lempel (1977). ZL coding is capable of

zero-sequence reactance the reactive achieving the bound given by the source cod-

component of the zero sequence impedanceing theorem. Commonly used to compress

See als@ymmetrical component computer files. See alsd_Z77, LZ78, and
Lempel-Ziv-Welch coding

zero-sum game one of a wide class of

noncooperative two-person games in whichZL coding  SeeZiv—Lempel coding

the sum of the cost functions of the decision

makers is identically zero. In the zero-sum ZOH  Seezero order hold

games, cooperation between players is im-

possible because the gain of one player is azonal coding a coding scheme in trans-

loss of the other one. Thus, the game is charform coding in which only those transform
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coefficients located in a specified zone in the zone plate  a Fresnel optical circular grat-

transform domain are coded. For its counter-ing that produces the spatial frequencies to

part, refer to threshold coding. measure the resolution and the performance
of telephoto- graphic or television systems.

zonalsampling inthreshold sample selec- A moving Fresnel zone plate can measure the

tion it is difficult to transmit to the receiver performance of line- or frame-based comb

which coefficients were sent and which were filters, the performance of scan converters,

not. In zonal coding, all coefficients are and the scan aperture of television images.

transmitted in order of increasing spatial fre-

guency or some other predetermined order . .

and a end-of-block code-word is sent when ZON€ recording  a technique that allows

all code words are below the thresholgee  the number of sectors per track on a magnetic

also threshoti sampé selection. disk to vary with the radius of the track. The
tracks are divided into several zones, such

zone of protection  the area of a power sys- thgt the number of_ sectors per track is det_er—

tem for which a particular set of protective re- Mined by the maximum possible bit density

lays has primary protection responsibility. In N the innermost track in each zone.

typical cases, operation of any of these relays

wi.II open circuit bregkers which willisolate  7gr  seezero state response

this zone. Each major power system compo-

nent (line, transformer, bus, generator) has a

separate zone of protection. ZVS  Seezero voltage switching
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