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PREFACE 

In preparation of the first few editions of the code, the 
Bureau held meetings in many parts of the country and 
welcomed sugges,tions from everyone concerned. It, how­
ever, reserved to itself the final decision on a!l contested 
points. The procedure fo!lowed in later revisions subsequent 
to the establishment of the American Standards Association 
differs essentially from the former practice in that final de­
cisions as to all details are made by the sectional committees 
formally approved by the American Standards Association 
and operating under their rules of procedure. The Bureau, 
as sponsor for the work under this procedure, has given up 
its prerogative of determining details in return for the implied 
understan~ing that the many parties concerned will accept 
such a code as they oan agree upon among themselves. A!l 
such codes of practice necessarily include compromises be­
tween conflicting aims. The Bureau has felt that decisions 
made by practica!ly unanimous agreement among the in­
terests affected would, in general, be wiser than those at 
which it might arrive after weighing the arguments of ad­
vocates for different views. It has, therefore', welcomed this 
procedure in spite of the faot that this involves the accept­
ance of some details of which it might not itself approve. 

Rules in this code which are to be regarded as mandatory 
are characterized by the use of the word "shall." Where a 
rule is of an advisory nature it is indicated by the use of the 
word "should." Other practices which are considered desir­
able and not intended to be mandatory are stated as recom­
mendations. It is realized that conditions may exist which 
necessitate departures from such recommendations. 

A representative Committee on Interpretations has been 
set up to prepare r'eplies to requests for interpretation of these 
rules. Requests for interpretation should state the rule in 
question as well as the oonditions under which it is being 
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applied. Interpretations are intended to clarify the intent 
of specific rules and are not intended to supply consulting 
information on the application of the code. Requests for 
interpretation addressed to the National Bureau of Stand­
ards, if suitable for processing, wi!l be sent to the Interpreta­
tions Committee. After due consideration by the 
Committ8!l, which may involve many exchanges of corre­
spondence, the inquirer will be notified of its decision. 



2 Definition. 

1. Alive or live means electrically connected to a source 
of potential difference, or electrically charged so as to have 
a potential different from that of the earth. The term 
"live" is sometimes used in place of the term "current­
carrying," where the intent is clear, to avoid repetitions 
of the lonj;er term. 

2. Apphance means current-consuming equipment, fixed 
or portable; for example, heating, cooking, and small motor­
operated equipment. 

3. Automatic means self-acting, operating by its own 
mechanism when actuated by some impersonal influence-as, 
for example, a change in current strength; not manual, 
without personal intervention. Remote control that requires 
personal intervention is not automatic~ I]utmanual. 

4. Cable vault. (See definition of "Manhole.") 
5. Circuit means a conductor Or system of conductors 

through which an electric current is intended to flow. 
6. Circuit-breaker means a device designed to open under 

abnormal conditions a current-carrying circuit without injury 
to itself. The term as used in this code applies only to 
the automatic type designed to trip on a predetermined 
overload of current. 

7. Climbing space means the vertical sJ?ace reserved along 
the side of a pole or structure to permIt ready access for 
linemen to equipment and conductors located on the pole 
structure. 

8. Common use means simultaneous use by two or more 
utilities oithe same kind. 

9. Conductor means a metallic conducting material, usu­
ally in the form of a wire or cable, suitable for carrying an 
electric current. Does not include bus bars. 

10. Grounding conductor means a conductor which is 
used to connect the equipment or the wiring system with a 
grounding electrode or electrodes. 

11. Lateral conductor means, in pole wiring work/ a 
wire or cable extending in a general horizontal directIon 
approximately at right angles to the general direction of 
the line conductors. 

12. Line conductor means one of the wires or cables 
carrying electric current, supported by poles towers, or 
other structures, but not Including vertical or lateral 
connecting wires. 

13. Vertical conductor means, in pole wiring work, a 
wire or cable extending in an approximately vertical 
direction. 

De:ftnition. 3 

Conflict : 
14. Antennll conflict means that an antenna or its guy 

wire is at a higher level than a supply or communication 
conductor and approximately parallel thereto, provided 
the breaking of tile antenna or its support will be likely to 
resnlt in contact between the antenna or guy wire and the 
supply or communication conductor. . 
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FIGURE 1. Conductor conflict" 

15. Conductor conflict means that a conductor is so 
situated with resIlect to a conductor of another line at a 
lower level that the horizontal distance between them is 
less than the sum of the following values: 

(a) Five feet. 
(b) One-half the difference of level between the con­

ductors concerned. 
(c) The value required in tables 6, 7, or 8 for hori­

zontal separation between conductors on the 



10 Definitlon8 

60. Maximum total sa~ means the total sag at the mid­
point of the straight line Joining the two points of support 
of the cond uctor. 

61. Total sag means the distance measured vertically 
from anYl?oint of a conductor to the straight line joining 
its two pomts of support, under conditions of ice loading 
equivalent to the total resultant loading for the district 
in which it is located. 

62. Unloaded sag of a conductor at any point in a span 
means the distance measured vertically from the particular 
point in the conductOl'to a straight line between its two 
pomter of -support, without any external load. 

'.63. Service means the conductors and equipment for deliv­
ering electric energy from the secondary distribution or 
street main, or other distribution feeder, or from the trans­
former, to the wiring system of the premises served: For 
overhead circuits, it includes the conductors from the last 
line pole to ',the service switch or fuse. . The portion of an 
overhead se~vice between the pole and building is designated 
as "service drop." 

64. Span length means the horizontal distance between 
two adjacent supporting points of a conductor. 

65. Splicing chamber. (See definition of "Manhole.") 
66. Substantial means so constructed and arranged as to 

be of adequate strength and durability for the service to be 
performed under the prevailing conditions. . 

67. Switcb means a device for opening and closing or for 
changing· the connection of a circuit. In these rules, a 
switch will always be understood to be manually operated, 
unless otherwise stated. 

68. Switchboard when referred to in connection with sup­
ply of electricity means a large single lanel, frame, or 
assembly of panels on which ar'} mounte (on the face, or 
back, or both) switches, fuses, busses, and usually instruments. 

69. Ta~s means "men at work"'tags of distinctive appear­
ance, indICating that the equipment or lines so marked are 
being worked on. 

Tension: . 
70. Final unloaded conductor tension means the longitu­

dinal tension in a conductor after the conductor has been 
stretched by the application for an appreciable leriod, 
and subsequent release, of the loadings of ice an wind, 
and temperature decrease, assumed for the loading 
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district in which the conductor is strung (or equivalent 
loading). . 

71. Initial conductor tension means the longitudinal ten­
sion in a conductor prior to the application of any external 
load. 
72. Transformer vault means an isolated inclosure either 

above or below ground with fire-resistant walls, ceiling, and 
floor, in which transformers and related equipment are 
installed, and which is not continuously attended during 
operation. 

73. Urban districts means thickly settled areas (whether 
in cities or suburbs) or where congested traffic 'often occurs. 
A highway, even though in the country, on which the traffic 
is often very heavy, is considered as urban. 

Voltage: 
74. Voltage of an effectively grounded circuit means the 

highest effective voltage between any conductor and 
ground unless otherwise indicated. 

75. Voltage of a circuit not effectively grounded means 
the highest effective voltage between any two conductors 
unless otherwise indicated. 

. If one circuit is directly c.onnected to another circuit 
of higher voltage (as in the case of an autotransformer), 
both are considered as of .the higher voltage, unless the 
circuit of lower voltage is effectively grounded, in which 
case its voltage is not determined by the circuit of higher 
voltage. Direct connection implies electric connection as 
distinguished from connection merely through electro­
magnetic or electrostatic induction. 

Voltage to ground· of: 
76. A grounded circuit means the highest effective 

voltage between any conductor of the circuit and that 
point or conductor of the circuit which is grounded. 

77. An ungrounded circuit means the highest effective 
voltage between any two conductors of the circuit 
concerned. 
Voltage to ground of a conductor of: 

78. A grounded circuit means the highest effective 
voltage between such conductor and that point or con­
ductor of the circuit which is grounded. 

79. An ungrounded circuit means the highest effective 
voltage between such conductor and any other conductor 
of the circuit concerned. 
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series-parallel control 

(lonnected toge.ther and the negative terminals are COD­

nected together in 8. corresponding manner. Sec a/so: 
battery (primary or secondary). 42A60-0 

serles·parallel controL A method of controlling mo­
tors wherein the motors, or groups of them., may be 
connected successively in series and in parallel. Set: 
6/SO: multiple-unit control. 42A42-0 

series-parallel network. Any network, containing 
only two-terminal elements, that can be constructed by 
successively. connecting branches in series and/or in 
parallel. Note: An elementary example is the parallel 
combination of two branches. one containing resist­
ance and inductance In series, the other containing 
capzicitPJlce. This network is sometimes called a simple 
parallel circuit. Sec a/so: network analysis. 
'Pcprecated E270-0 

series-parallel starting (r(ltatbtg machinery). The 
process of starting II motor by connecting it to the 
supply with the primary winding phase circuits initially 
in series. and changing them OVer to a parallel connec­
tion for runnins operation. Sec also: asynchronous JD8~ 
chine; synchronous machine. O~31 BS 

stries rectifier circuit. A rectifier circuit in which two 
or more Simple rectifier circuits are connected in such 
a way that their direct voltages add and their commuta~ 
tions coincide. Sec a/so: rectification; rectifier circuit 
element. B59/42A15~34E17 

series regulator (Power snppHes). A device placed in 
series with a source of power that is capable of controll~ 
ing the voltage or current output by automatically 
varying its series resistance. See: passive element. Sec 
a./so: power supply. JG>SH·I0Bl 

series relay_ Sf!C.' current relay_ Sec al~o: relay. 
83A16·0 

series resistor (electric instrument). A resistor that 
forJ;Ils an essential part of the voltage circuit of an 
instrument and generally is used to adapt the instru~ 
maut to operate on some designated voltage or volt­
ages. The series resistor may be internal or external to 
the instrument. Note: Inductors, capacitors, or combi­
nations thereof are also used for this purpose. Sec also: 
auxiliary device to an instrument. 39Al/42A30-0 

series resonance. The steady-state condition that ex.w 
ists in a circuit comprising inductance and capacitance 
connected in sories. when the current in the circuit is 
in phase with the voltage across the circuit. 

42A65·31E3 
series system. The arrangement in a multielectrode 
electrolytic cell whereby in each cell an anode con­
nected to the po3itive bus bar is placed at one end and 
a cathode connected to the negative bus bar is placed 
at the other end. with the intervening unconnected 
electrodes acting as bipolar electrodes. Sec also: elec­
troreflning. 42A60~O 

Series tee junction (wanguides). A tee junction hav. 
ing an equivalent circuit in which the impedance of the 
branch guide is predominantly in series with the 
impedance of the main guide at the junction. St:e also: 
waveguide. E147-3El 

lerlea~trip rec1oser. A recloser in which main-circuit 
cUttent above a specified value, flowing through a solo~ 
naid or operating coil. provides the energy necessary 
to open the main contacts. 37 AIOO-31Bl1 

series two· terminal Pail' networks. Two-terminal pair 
networks are connected in series at the input or at the 
output terminals when their respective Input or output 

523 selVice capacity 

terminals arc in series. Soo also: network analysts. 
EIS3·0 

series undercurrent tripping. See: direct release 
(sedes trip); undercurrent release (undereurrent 
trip),· 

series winding (autotr8n~former). The portion of the 
autotransformer winding that is not comrru)n to both 
the primary and the seeoodary circuits, but is connect~ 
ed in series between the input and output circuits. See 
also: autotransformer. 57A15-0 

series-wound (rotating macltlnery). A qualifying term 
applied to a machine to denote that the excitation is 
supplied by a winding or windings connected in series 
with or carrying a current proportional to that in the 
armature winding. See: asynchronous machine; direct~ 
current commutatin8' machine. 42AlO·31E8 

serles~wound motor. A commutator motor in which 
the field circuit and "rmature circuit are connected in 
series. See: asychonous machine; dlrect--cQrrent com­
mutatinK machine. 4'2AIQ-3IE8 

service (1) (electric systems). Tho oonductors and 
equipment for delivering electric energy from the sec­
ondary distribution or street main, or other distribution 
feeder, or from the transformer. to the wiring system 
of the premises served. Note: For overhead circuita, it 
includes the conductors from the last line pole to the 
service switch or fuse. The portion of an overhead 
service between the pole and building is designate4 'as 
service drop. 
See: 
circuit; 
dual service; 
duplicate service; 
emergency service; 
loop se"ice; 
service cable; 
service conductorsi 
service droPi 
service entrance conductors; 
service equlpmenti 
service laterali 
service pipe; 
service raceway; 
single service. lAO/2A2-0 
(2) (controller) (Industrial control). The specific 
application in which the controller is to be used, for 
example: (A) general purpose. (B) defmite purpose, for 
example. crane and hoist, elevator, machine tool, etcet­
era. Sec: electric controller. ICI-34EI0 

service area (navigation). The area within whkh a 
navigational aid provides either generally satisfactory 
service.or a specific quality of service. See abo: naviga­
tion. ()"]OE6 

service blUnL A band of frequencies allocated to a giv­
en class of radio ~ervlce. Sec also: radio transmluion. 

EI4S{EI82142A65·0 
service bits (telecommunication). Those bits that are 

neither check nor information bits. Set: 8/S0: bit. 
1J..19E4 

service cable. Service conductors made up in the fomi 
of a cable. See: service conductors. See a.Jso: service. 

42A35·31E13 
service capacity (cell or battery). The electric output 

(expressed in ampere-hours, watthours, or similar 
units) on a service test before its working voltage falls 
to a specified cutotTvoltage. Sees/so: battery (prhnary 
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or secondary). 42A60..Q 
service conductors. That portion of the supply con­

ductors that extends front the street mains or feeder or 
·transformer to the service equipment of the premises 
served. For an overhead system it includes the conduc~ 
tors from the last line pole to the service equipment 
See &so: service. 42A3S·3lE13 

service corrosion (dry cell). The consumption of the 
negative electrode as a result of useful current deliv • 
ered by the cell. St!(! also: electrolytic cell. 

42A60-0 
service drop. That portion of overhead service con· 

ductors between the last pole and the prc:m.ises served, 
extending from the pole to the junction with the ser· 
vice entrBDce conductors. Sc(t aha: service. 

42A3;·3IEI3 
service entrance conductors (electrIc system) (1) (over­

head system). The service conductors between the 
terminals of the service equipment and a point usually 
outside the building, clear of building walls, where 
joined by tap or splice to the service drop. . 
(2) (underground system). The service conductors 
between the terminals of the service equipment and the 
point of connection to the service lateral. Nole: Where 
service equipment is located outside the building walls, 
there may be no service~entrance conductors, or they 
may be entirely outside the building. 

42A3SIlA0-31E13 
service equipment (electric system). The necessary 

equipment, usually consisting of circuit brep-ker or 
switch and fuses, and their accessories, located near 
point of entrance of supply conduotors to a building 
and intended to constitute the main control and means 
of cutoff for the supply to that buUding. See also: distri­
bution center; service. IA0/42A3S~31B13 

service factor (general-purpose alternattng·current 
motor). A multiplier that, when applied to the rated 
power. indicates a permissible power loading that may 
be carried under the conditions specified for the ser~ 
vice factor. Se,,' 8150: asynchConous macliine; direct .. 
current COJDlDlitatfng machine; synchronoDs machine. 

MOI·3IE8 
service ground. A ground connection to a service 

equipment or a service conductor or both. See: ground.. 
42A3;·31E13 

service lateral (elecbic system). The underground 
service conductors between the str.cet main, including 
any risers at a pole or other structure or from trans· 
formers, and the first point of connection to the servioe 
entrance conductors in a terminal box inaide or outside 
the building wall. Where there is no terminal box, the 
point of connection shall be considered to be the point 
of entrance of the service conductors into the build mg. 
See alao: service. lA()..O 

serTice life (1) (primary cell or battery). The period 
of useful service before its worEng voltagc falls to a 
specified cutoff yoitage. 
(2l (storage cell or battery). The period of useful 
service under specified condition!J, usually expressed 
as the period elapsed before the ampere·hour capacity 
has fallen to a specIfied percentage of the rated capaci~ 
ty. S(!(! also: battery (primary or secondary); charze. 

41A60-0 
service period (Uluminatini; engineering). The num­

ber of hours pcr day for which the day lighting provides 
a specified illumination level. It onen is stated as a 
monthly average. Sec also: sllllllaht. Z7Al·O 

service pipe. The pipe or conduit that contains under_ 
ground service conductors and extends from the junco 
tion with outside supply wires mto the customer's 
premises. St:tJ: dJstrJblltor duct. See Mao: service. 

42A3;·31EI3 
serrice raceway (electric system). The rigid metal 
conduit, electrical metallic tubins, or other raceway 
that encloses the service entrance conductors. S(Je also:· 
semce. lAQ..O 

senlee rating (rectifier transformer). The maximum 
constant load that, after a transform~r has carried its 
continuous rated load until there is no further measur. 
able iq,crease in teniperature rise, may be applied for a 
specified time without injury. See a/so: rectifier trans. 
former. 57 AI8~O 

service routine (computing systems). A routine in 
general support of the operation of a computer, for 
example, an input-output. diagnostic, tracing, or moni. 
torlng routine. See: utility routine. Sc(t also: electronic 
digital computer. X3A12~i6R9 

service test (1) (primary battery). A test designed to 
measure the capacity of a cell or battery under speCi­
fied conditions conwarable with some particular &ct. 
vice for which 8uch cells are used. 42A60-(} 
(2) (field test) (meter). A test made during the peri­
od that the meter is in service. Nole: A service test may 
be made on the consumer's prerpjscs without removing 
the meter from its support, or by removing the meter 
tor test. either on the premises or in a laboratory or 
meter shop. 
$e(t also: 
applO'fal test; 
battery; 
dielech'ic testSj 
inspection; 
installation test; 
office test; 
periodic test; 
referee test; 
reference performancej 
request test; 
shop test; 
watthour meter. 12AO/42A3O-0 

serviCing time (electric drive). The portion of dawn 
time that is necessary for servicing due to breakdowns 
or for preventive servicing measures. Sec: electric 
dri.e. ASI·34BIO 

serving (cable). A wrapping applied over the core of 
a cable before the cable is leaded, or over the lead jf the 
cable is armored. Note: Materials commonly used for 
servinG are jute or cotton. The serving is for mechani· 
cal protection and not for insulating purposes. See also: 
power distribution, underground construction. 

42A3;·31B13 
servo. Sec: senomechanism. 
seno ampliOer. An amplifier, used as part of 11 ser­

vomechanism, that supplies power to the electric input 
terminals of a mechanical actuator. Sqe also: electranic 
analcg computer. B16S.16B9 

senomechaatsm. (1) A feedback control.systelll in 
which at least one of the system sigmb ropresents 
meChanical motion. (2) Any feedback control system. 
(3) An automatic feedback control system in which the 
controlled variable_ is mechanical position or anyorits 
time derivatives.· &e Bi3o: contra) system, feedb1lck· 

8MII X3A 12-16E9/23E0/34E12 
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prefix code 

prefix code (telephone switching systems) One or more digits 
preceding the national or international number to implement 
direct distance dialing. (COM) 312~1977w 

prefixes and symbols (International System of Units (SI)) 
Used to fonn names and symbols of the decimal mutiples and 
submultiples of the SI units: 

Prefix Abbreviation Factor 

tera- (megamega- T(MM*) lOll 
giga- (kilomega-*) G (kM*) _109 

mega- M 10' 
myria- 10" 
kilo- k 10' 
hecto- h 10' 
deka- 10 
deci- d IO-l 
centi- , 10-2 

milli- m IO-J 

decimilli- dm 10-4 

nllCro- ~ 10-6 

nano- (millimicro-*) n (m~*) 10-9 

pico- (micromicro-*) p (~jJ..*) 10-12 

*Deprecated. 

These prefixes or their symbols are directly attached to names 
or symbols of units, forming mUltiples and submultiples of 
the units. In strict terms these must be called "multiples and 
submultiples of SI units," particularly in discussing the co­
herence of the system. In common parlance, the base units 
and derived units, along with their multiples and submulti­
ples, are all called 81 units. See also: units and letter symbols. 

prefix multipliers The prefixes listed in the following table, 
when applied to the name of a unit, serve to form the desig­
nation of a unit greater or smaller than the original by the 
factor indicated. 

Multiplication Factor Prefix Symbol 

1 000 000 000 000 000 000 _ 1018 .x. E 
1000 000 000 000 000 = 10 15 pala P 

1000000000 000 = 10 12 tera T 
1 000 000 000 = 109 giga G 

1 000 000 = 106 mega M 
1000 = 103 kilo k 

100 = 102 hecto* h 
10= 10' deka* d. 

0.1 = 10-1 deci" d 
0.01 = 10-2 centi 

0.001 = 10-3 milli m 
0.000 001 = 10-6 micro " 0.000 000 001 = 10-9 nano " 0.000 000 000 001 = 10-12 pico P 

0.000 000 000 000 001 = 10-15 famto f 
0.000 000 000 000 000 001 = 10-18 .tto 

"Deprecated. 

270-1966w 
prefix notation (mathematics of computing) A parenthesis­

free method of fonning mathematical expressions devised by 
the Polish logician Jan Lukasiewicz, in which each operator 
is immediately followed by its operands. For example, A 
added to B and the result multiplied by C is expressed as X 
+ ABC. Synonyms: parenthesis-free notation; Lukasiewicz 
notation; Polish notation. Contrast: postfix notation; infix no­
tation. (C) 1084-1986w 

preform (fiber optics) A glass structure from which an optical 
fiber waveguide may be drawn. See also: ion exchange tech­
nique; chemical vapor deposition technique; optical blank. 

(StdlOO) 812-1984w 
preformed coil or coil side (rotating machinery) An element 

of a prefonned winding, composed of conductor strands, usu­
ally insulated and sometimes transposed, cooling ducts in 
some designs, turn insulation where number of turns exceeds 
one, and coil insulation. See also: rotor; stator. (PE) [9J 

preformed winding A winding consisting of coils which are 
given their shape before being assembled in the machine. 

(PE) [9J 
P register A special-purpose instruction address register that 

holds the address of the next instruction to be fetched or ex­
ecuted. (C) 61O.1O-1994w 

860 preorder travellll 

preheat (switch start) fluorescent lamp (ilIUminatin 
neering) A fluorescent lamp designed for operation .g en~ 
cuit requiring a manual or automatic starting switch toUl a CIt. 
the electrodes in order to start the arc. (EEClIEjrelkar. 

preheating time (mercury-arc valve) The time required r.[ 126] 
parts of the valve to attain operating temperature. Or all 

(ED) [45] ]84 
preheating time cathode (electron tube) The minimum ' . I 

of time during which the heater voltage should be r~.Od 
before the application of other electrod voltages. Se/~/~~ 
heater current. (ED) [45' 

preheatMstarting. (flu.ores~ent lamps) (switchMstarting S ; 
terns) The deSIgnation glVen -to those systems in which hY 

cathode electric discharge lamps are started from prehe : 
cathodes through the use of a starting switch, either m~uaJ 
or automatic in its operation. Note: The starting Switch wh 
closed, connects the two cathodes in series in the balI~t c~~ 
cuit so that current flows .to h~at the cathodes to emission 
temperature. When the SWItch IS opened, a voltage Surge' 
produced that initiates the discharge. Only the arc cum I: 
flows through the cathodes after the lamp is in Operation. S;e 
also: fluorescent lamp. (EECIIE) [126J 

preliminary design (A) (software) The process of analyzillg 
design alternatives and defining the architecture, components 
interfaces, and timing and sizing estimates for a system 0; 
component. See also: detailed design. (B) (software) The reo 
suIt of the process in definition "A." (C) 610.12-1990 

preliminary design review (A) A review conducted to evalu~le 
the progress, technical adequacy, and risk resolution of the 
selected design approach for one or more configuration items; 
to detennine each design's compatibility with the require: 
ments for the configuration item; to evaluate the degree of 
definition and assess the technical risk associated with the 
selected manufacturing methods and processes; to establish 
the existence and compatibility of the physical and functional 
interfaces among the configuration items and other items of 
equipment, facilities, software and personnel; and, as appli· 
cable, to evaluate the preliminary operational and support 
documents. See also: critical design review; system design 
review. (B) A review, as in definition "A" of any hardware 
or software component. (C) 610.12-1990 

preliminary relay contacts Contacts that open or close in ad· 
vance of other contacts when the relay is operating. 

(EEC/REE) [87] 
premises wiring (system) That interior and exterior wiring, in· 

cluding power, lighting, control, and signal circuit wiring 10' 

gether with all of its associated hardware, fittings, and wiring 
devices, both permanently and temporarily installed, which 
extends from the load end of the service drop, or load end of 
the service lateral conductors to the outlet(s). Such wiring 
does not include wiring internal to appliances, fixtures, mo­
tors, controllers, motor control centers, and similar equip· 
ment. (NEClNESC) [86] 

premolded A joint that is factory molded in the shape which it 
will take when installed. Installation is performed by sliding 
the jomt over the cable. The Use of heat is not a part of the 
installation procedure. (PE/IC) 404-1993 

pre~molded joint (power cable joints) A joint made of pre­
. molded components assembled in the field. 

(pE/lC) 404-1986' 
preoperational system test (Class IE power systems anI 

equipment) A test to confirm that all individual componen 

parts of a system function as a system and the system fUllc 
tions as designed. A preoperational test is perfonned foll?~V 
ing significant modifications or additions made to the faclhll 
at later dates. (pE/NP) 415-1986\\ 

preoperational testing All testing required for system compt)" 
nents prior to energizing or operating the major system C09~8 
poDent. (pF,lEDPG) 1248-1 

. b' arytreellla 
preorder traversal The process of traversmg a m I ft 

recursive fashion as follows: the root is visited, then th~ e 
subtree is traversed, then the right subtree is traversed. on-

PI 
p' 

P' 
P 
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fies combination does not exceed the interrupting rating of 
(he main overcurrent protective device. 

(lA/PSP) 1015-1997 

series rectifier circuit A rectifier circuit in which two or more 
simple rectifier circuits are ~~ected in s~ch a w~y ~at their 
direct \'oltages add and tlieu commutatIOns comclde. See 
also: rectifier circuit element; rectification. (IA) [12] 

series regulator (power supplies) A device placed in series 
with a source of power that is capable of controlling the volt­
age or current output by automatically varying its series re­
sistance. (AES) [41] 

series relay See: relay; current relay. 

series resistor (electric instruments) A resistor that forms an 
essential part of the voltage circuit of an instrument and gen­
erally is used to adapt the instrument to operate on some des­
ignated voltage or voltages. The series resistor may be inter­
nal or external to the instrument. Note: Inductors, capacitors, 
or combinations thereof are also used for this purpose. See 
also: auxiliary device to an instrument. (BEC/All) [102] 

series snubber (ac adjustable-speed drives) Circuit elements, 
usually including an inductor, connected in series with a 
switching device to limit the rate of rise or fall of current 
through the device when switching on or off, respectively. 
See also: snubber. (lAIID/SPC) 995-1987w, 936-1987w 

series street-lighting transformer (power and distribution 
transformers) A series transformer that receives energy from 
a current-regulating series circuit and that transforms the en­
ergy to another winding at the same or different current from 
that in the primary. See also: specialty transformer. 

(PE{TR) C57.12.80-1978" [571 
series sy.stem The arrangement in a multielectrode electrolytic 

cell whereby in each cell an anode connected to the positive 
bus bar is placed at one end and a cathode connected to the 
negative bus bar is placed at the other end, with the interven­
ing unconnected electrodes acting as bipolar electrodes. See 
also: electrorefining. (EEC/PE) [119) 

series tee junction See: E-plane tee junction. 

series thyristor converter A thyristor convelter in which two 
or more simple converters are connected in such a way that 
their direct voltages add and their conunutations coincide. 

(lAJIPC) 444-1973w 

series transformer (1) (power and distribution transformers) 
A transfonner with a "series" winding and an "exciting" 
winding, in which the "series" winding is placed in a series 
relationShip in a circuit to change voltage or phase, or both, 
in that circuit as a result of input received from the "exciting" 
Winding. Note: Applications of series transformers include: 

1) Use in a transfonner such as a load-tap-changing or reg­
ulating transformer to change the voltage or current duty 
of the load-tap-changing mechanism. 

2) Inclusion in a circuit for power factor correction to indi­
rectly insert series capacitance in a circuit by connecting 
capacitors to the exciting winding. 

(PEfTR) C57.12.BO-1978, 
~2) A transformer in which the primary winding is connected 
111 series with a power-supply circuit, and that transfers energy 
to another circuit at the same or different current from that in 
the primary circuit. See also: transfonner. (PE(fR) (57] 

series transformer rating (power and distribution trans­
formers) The lumen rating of the series lamp, or the wattage 
rating of the multiple lamps, that the transfonner is designed 
to operate. (PEITR) C57.12.80-1978r 

serieNrip recloser A recloser in which main-circuit current 
above a specified value, flowing through a solenoid or oper­
ating coil, provides the energy necessary to open the main 
COntacts. (SWG/PE) C37.100-J992 

series two-terminal pair networks Two-tenninal pair networks 
are COIUlected in series at the input or at the output terminals 
When their respective input or output terminals are in series. 
See also: network analysis. (BT) 153-1950w 

series undercurrent tripping See: direct release; undercurrent 
-release. 

series unit (power and distribution transformers) The core 
and coil unit which has one winding connected in series in 
the line circuit. (pE{I'R) C57.12.80-1978r 

series weighting Response weighting by separating a finger into 
individual elements with capacitive coupling between them; 
the elements may be separated from the bus bar. 

(UFFC) 1037-1992w 
series winding (1) (A) (autotransformer) (power and distri~ 

bution transformers) That portion of the autotransformer 
winding which is not conunon to both the primary and the 
secondary circuits, but is connected in series between the in­
put and output circuits. (B) (power and distribution trans­
formers) The winding of the series unit which is connected 
in series in the line circuit. Note: If the main unit of a two­
core transformer is an autotransfonner, both units will have 
a series winding. In such cases, one is referred to as the series 
winding of the autotransformer and the other, the series wind­
ing of the series unit. (pE{I'R) C57.12.80-1978 
(2) That portion of the autotransfonner winding that is not 
common to both the primary and secondary circuits, but is 
cOJUlected in series between the input and output circuits. 

(pEfTR) C57.15-1999 
series-wound (rotating machinery) A qualifying term applied 

to a machine to denote that the excitation is supplied by a 
winding or windings connected in series with or carrying a 
current proportional to that in the armature winding. See also: 
asynchronous machine. (PE) (9] 

series~wound motor (1) The conductors and equipment for de­
livering energy from the electricity supply system to the wir­
ing system of the premises served. (NESC/NEC) [86J 
(2) A dc motor in which the field circuit and annature circuit 
are connected in series. Speed is inversely proportional to the 
square root of load torque. Motor operates at a much higher 
speed at light load than at full load. (lA/MT) 45-1998 

servant A device that is controlled by a conunander. There are 
message-based and register-based servants. 

(CnvuvQ 1155-1992 
server (1) (telecommunications switching systems) A system 

component that performs operations required for the process­
ing of a call. See also: traffic usage count. 

(COM{TA) 973-1990w 
(2) (MULTmUS II) An agent that perfonns a service for 
clients. See also: client. (C/MM) 1296-1987s 
(3) In a network, a device or computer system that is dedi­
cated to providing specific facilities to other devices attached 
to the network. ContraSl: client. See also: mail server; disk 
server; file server; terminal server; network server, database 
server; print server. (C) 61O.7~1995 
(4) The facility in the terminal or work station that provides 
input (keyboard, mouse) and output (screen graphics) services 
to the application. Synonym: X server. (C) 1295-1993w 
(5) The software component on one device that provides ser­
vices for use by clients on the same or another device. 

(CnvuvQ 1284.4-2000 
(6) See also: batch server. 

Server Object Any Object that executes one or more of its 
operations in response to a request from a Client object. 

(IM/Sn 1451.1-1999 
Server Object Tag An attribute of a Client Port that identifies 

the Object Tag of the Server Object with wJtich the Port cOm­
municates in client-server communications. 

(IM/Sn 1451.1-1999 
Service An instance of a subclass of IEEE1451~Service. 

(IM/ST) 1451.1-1999 
service (1) (electric systems) The conductors and equipment 

for delivering electric energy from the secondary distribution 
or street main, or other distribution feeder, or from the trans­
former, to the wiring system of the premises served. Note: 
For overhead circuits, it includes the conductors from the last 
line pole to the service switch or fuse. The portion of an 
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overhead service between the pole and building is designated 
as serviCe drop. (NESC) [86] 
(2) (controller) The specific application in which the con­
troller is to be used. for example: general purpose; definite 
purptse (for example, crane and hoist, elevator, machine tool, 
etc). See also: electric controller. (lAIICfL/lAC) [60J 
(3) A distinct part of the functionality that is provided by an 
entity on one side of an interface to an entity on the other side 
of the interface. (C/PA) 14252-1996 
(4) The delivery, installation, maintenance, training. and other 
labor-intensive activities providing life-cycle support associ­
ated with the products and processes of the system. 

(C/SE) 1220-19948 
(5) System behavior as perceived by the system user. 

(CIBA) 896.9-1994w 
(6) Software that implements the interlace. 

(C/PA) 1351-1994w, 1224-1993w, 1224.1-1993w, 
1327-1993w, 1328-1993w 

(7) Capabilities provided by a tool or user to get a job done. 
(ATLAS) 1232-1995 

(8) A software interface, frequently implemented as a soft­
ware function, providing a means for communicating infor­
mation between two applications. (SCC20) 1232.1-1997 
(9) Operation or run-time call whose behavior and interface 
are standardized. See also: method. (SCC20) 1226-1998 
(10) The operation of the vehicles under normal conditions 
with or without revenue passengers. (VT) 1475-1999 
(11) An action or response initiated by a process (i.e., a 
server) at the request of some other process (i.e., a client). 

(SCC20) 1232.2-1998 
(12) (local area networks) The capabilities and action pro­
vided by one layer for another. (C) 8802-12-1998 
(13) The capabilities and features provided by an N-layer to 
an N-user. (C/LM/CC) 8802-2-1998 

service access point (SAP) (1) The point at which services are 
provided by one layer (or sublayer) to the layer (or sublayer) 
immediately above it (ISO 7498). 

(LM/C) 610.7-1995,8802-6-1994 
(2) An address that identifies a user of the services of a pro­
tocol entity. (C/EMBIMIB) 610.7-1995, 1073.3.2-2000 

service area (1) (navigation) (navigation aids) The area within 
which a navigational aid provides either generally satisfactory 
service or a specific quality of service. 

(AES/GCS) 172-1983w 
(2) The territory in which a utility system is required or has 
the right to supply or make available electric service to the 
ultimate customer. (PE/PSE) 858-1993w 

service band A band of frequencies allocated to a given class 
of radio service. See also: radio transmission. 

(APIBT/ANT) 145-19838, 182-1961w 

service bits (telecommunications) Those bits that are neither 
check nor information bits. See also: bit. (COM) [49] 

service brake (maximum) A nonemergency brake application 
that obtains the (maximum) brake rate that is consistent with 
the design of the brake system, retrievable under the control 
of master control. (VT) 1475-1999 

service braking See: service brake. 

service cable Service conductors made up in the fonn of a cable. 
(NESC/NEC) [86] 

service capacity (cell or battery) The electric output (expressed 
in ampere-hours, watthours, or similar units) on a service test 
before its working voltage falls to a .specified cutoff voltage. 
See also: battery. (EEC/PE) [119] 

service circuit (telephone switching systems) A circuit used 
for signaling purposes connected to and disconnected from a 
communication path during the progress of a call. 

(COM) 312-1977w 

service circuits Common or shared equipment units or software 
facilities (e.g., registers) associated with lines or trunks to 
provide specialized functions. Examples of service circuits 
include the following: 

1) Customer digit receivers 
2) Interoffice receivers 
3) Interoffice transmitters 
4) Ringing circuits 
5) Universal announcement circuits 
6) Tone circuits 
7) Conference circuits 
8) Memory registers 

service class (use in primitives) A parameter used 
class of service required or desired. 

(C/LM/CC) ,"U2-2-19 
service code (telephone switching systems) Any of the 

nation codes for use by customers to obtain directory 
ance or repair service, or to reach the business office 
telecorrununications company. (COM) 

service condition (thermal classification of 
ment and electrical insulation) A cmmbi."tic," 
influence, which are to be expected in a 
of electric equipment. 

service conditions (nuclear po .• w~e':ri::::l::'I:,g :.:~:!::~) 
actuators) (safety systems e 
generating stations) Environmental, 

nal conditions expected as a result of 0~~::::1;~ 
quirements, expected extremes (abnonnal) in 0 

quirements, and postulated conditions appropriate 
design-basis events of the station. 

(PE/NP/EDPG) 382-1985,323-1974as, 
317-1983r, 649-19808, 69('-1984r, 

service conductors The supply conductors~:~~:~~~~ 
street main or from transfonners to the 
the premises supplied. 

service controls Parameters conveyed as :,~,F.f;~~~ 
eration that constrain various aspects 

(C/PA) 1328.2-1993w, 1327.2-1993w, 

service corrosion (dry cell) The conswnption of 
electrode as a result of useful current delivered 
See also:. electrolytic cell. (EJEC/P1l) 

service current, continuous See: continuous 
service data unit (SDU) (1) Jnformation that is 

unit between peer service access points (SAPs). 
service access point. 

(LM/C/EMBIMIB) 8802-60--;~19:94~,.~~~~;j;~ 
(2) The 48-byte data payload of an ru 
mode (A TM) Cell. (CIBA) 
(3) The data associated with a service primitive. 

(SCC32) 
(4) Information delivered as a unit between adjacent 
that may also contain a PDU of the upper layer. 

(C/LM) 

service date (power 8~:~~ .:~::;::,:~n;~~:~~:'t~: 
enters the active state. On this date the 
ance data shall begin. Note: The service date 
confused with the installation date (the date the 
electrically cOIUlected to the system) or with 
operanon date (usually related to the 8ati8Dactory 
of acceptance tests as specified in the purchase 

(PE/PSE) 
service delay In data communications, the time 

from the release of a message by an originator to . 
by the addressee. (C) 

service discovery The function of providing --.----~ > 
with the ability to dynamically qu~ry 
within a peer transport entity. 

service drop (1) The overhead conductors 
supply or communication line and the 
being served. 
(2) The overhead service conductors from the 
other aerial support to and including the splices, . 
necting to the service-entrance conductors at 
other structure. 

"viice .. ,ntJ· .. ,:e c.b1e 

",vice-ent,ance cable 
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a) Type SE, having a 
ering, but not reql 
mechanical abuse 

.,",\Type USE, recO! 

· flame-retardant 0 
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sulation specifica 

· quire an outer c( 
· USE constructior. 
: have a bare copp 

Type USE single, 
recognized for UI 

concentric condu 

conductor: 

nC~ interface Th' 
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"';,'e_.mt.ran,, cable A single conductor or mlliticonductor 
provided with or without an overall covering, pri-

used for services and of the following types: 

SE, having a flame-retardant, moisture-resistant cov­
but not required to have inherent protection against 

hn",h,,ru"al abuse. 
recognized for underground llse, hq.ving a 

,nloistur·e-,esi.st'"'t covering, but not required to have a 
fiame-re,tllldant covering or inherent protection against 

'inedolllll",] abuse. Single-conductor cables having an in­
,;"oIaoon specifically approved for the purpose do not Te­

an outer covering. Cabled single-conductor Type 
constructions recognized for underground use may 
a bare copper conductor cabled with the assembly. 
USE single, parallel. or cabled conductor assemblles 

'':~~~~~~: for underground use may have a bare copper 
:~ conductor applied. These constructions do not 

an outer overall covering. 
SE or USE cable consists of two or more conduc­

H"" m10 shall be permitted to be wtinsulated. 

(NESCINEc) [86J 
'~',i.i.r.,nce conductors (1) (electric systems) (overhead 

conductors between the terminals of the 
eqiuipm''"t and a point usually outside the building, 
'y"U~'b walls, where joined by tap or splice to the 

(NESC) [86J 
~i"~e>'ground system) The service conductors between 

,~,'mu"w" of the service equipment and the point of con­
the service lateral. Note: Where service equipment 

the building walls, there may be no service-
iiO!o,o'cond,uctors., or they may be entirely outside the 

(NESC(f&D/PE) [IOJ. [86J 

~~~::~~~d(~d:~ieSel-generator unit) The aggregate of 
the diesel-generator unit in its enclo-

the design load during nonnal, accident, 
:'al:ci,j"" operation. 

(PE/NP) 387-1995.387-1984; 
,irim"n'Th, necessary equipment, usually consisting 
jifbi"aker ,o"switch and fuses, and their accessories, 

of entrance of supply conductors to a 
structure, or an otherwise defined area, and 

:to'cc,nsoOt,te the main control and means of cutoff 
(NESCINEc) [86J 

(telephone switching systems) Detennina­
of service received by the customer. 

(COM) 312-1977w 
'iylet,'ral-purp,ose alternating-current motor) 

"~'1~~:;'~: applied to the rated power, indicates 
~ loading that may be carried under the 
'"'I'ec.ified for the service factor. See also: asyn­

(PE/NP) [9J.741-1997 
connection to a service equipment or 

both. See also: ground. 
(T&D/PE) [lOJ 

measurement) (electric gener­
·availability, and productivity) The 
was in the in-service state. 

(PE/EDPG) [3J 

\):J.32Il-I!/93w. 1224.1-1993w. 1327-1993w. 
1224-1993w 

~'~i~!:~~~~ either internal to an agency 
.'; contracted, which perfOlIDs 

for purpose of providing ana-
of the purpose of monitoring or test­

laboratory" is synonymous with "pro­
(NI) N42.23-1995 

,e 'liliile~lIo,"nd service conductors between 
any risers at a pole or other structure 

and the first point of connection to the 

service-entrance conductors in a tenninal box or meter or 
other enclosure with adequate space, inside or outside the 
building wall. Where there is no tenninal box, meter, or other 
enclosure with adequate space, the point of connection shall 
be considered to be the point of entrance of the service con­
ductors into the building. (NESCINEC) [86] 

service life (1) (primary cell or battery) The period of useful 
service before its working voltage falls to a specified cutoff 
voltage. (EEC/PE) [119J 
(2) (storage cell or battery) The period of useful service un­
der specified conditions, usually expressed as the period 
elapsed before the ampere-hour capacity has fallen to a spec­
ified percentage of the rated capacity. See also: battery; 
charge. (EEC/PE) [119J 
(3) The actual period from initial operation to retirement of a 
system, structure, or component. (PE/NP) 1205-1993 

service life capacity Minimum battery capacity needed to meet 
design requirements, including temperature correction but ex­
cluding margin. (PElEDPG) 1106-1987s 

service life of cable (cable systems) The time during which 
satisfactory cable performance can be expected for a specific 
set of service conditions. 

(PE/SUB/EDPG) 422-1986w. 525-1992r 
service order process time A command to a switching system 

to install, remove, or rearrange trunking, routing, or a cus­
tomer's service. The time required for input of a service order 
and its implementation in the switch under specified traffic 
conditions may be defined separately for manual or computer­
generated input. (COM!I'A) 973-1990w 

service period (illuminating engineering) The number of 
hours per day for which the daylighting provides a specified 
illuminance level. It often is stated as a monthly average. 

(EECIlE) [I26J 
service pipe The pipe or conduit that contains underground ser­

vice conductors and extends from the junction with outside 
supply wires into the customer's premises. See also: service; 
distributor duct. (f &D/PE) [10] 

service-point The point of connection between the facilities of 
the serving utility and the premises' wiring. Note: For clear­
ances of conductors of over 600 V, see ilie National Electrical 
Safety Code. (NESCINEC) [86] 

service pole See: structure. 
service primitive (1) A specific service provided by' a particular 

protocol layer entity. (CJMM) 1394-1995 
(2) An abstract, implementation-independent interaction be­
tween a service user and the service provider. Synonym: prim­
itive. (LMlc) 8802-6-1994 
(3) A function in the external interface of a kernel element 
(ICE) that may be invoked to access services provided by the 
KE. (SCC32) 1455-1999 

service provider An implementation of the ACSE and Presen­
tation Layer protocols, to which the APS API provides access. 

(C/PA) 1351-1994w 
service raceway The raceway that encloses the service-entrance 

conductors. (NESCINEC) [86] 
service rating (rectifier transformer) The maximum constant 

load that, after a transformer has carried its continuous rated 
load until there is no further measurable increase in temper­
ature rise, may be applied for a specified time without injury. 
See also: rectifier transformer. (StdlOO) C57.18-1964w 

service recovery Actions or strategies that restore the service 
capabilities of a switching system from detected troubles, 
both internal and external to the switching system, in order 
to protect service with minimal impact on customers, con­
sistent with reliability and service objectives. 

(COMlfA) 973-1990w 
service request A solicitation of services from a client to a 

server. A service request may entail the exchange of any num­
ber of messages between the client and the server. In this 
amendment, the term request denotes a service request. When 
naming specific types of requests, the tenn request is qualified 
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34 Article 100 • Definitions 

The definition of plenum in the Code is essentially the same 
• as the definition of plenum in NFPA 9OA, Standard for 1M 

Installation ofAir-tonditioning' and Ventilating Systems. For 
, information on :wiring' methods permitted within plenilmB, 
see 300.22(B). 

The definition of pknum is not intended to apply to the 
space Obov. a suspended ceiling that is used for environmen­
iaJ air referred to in 300.22(C). 

The air-handling space Under a computer room floor 
has special reqUirements. See Article 645. 

Power Outlet. An enclosed assembly that may include re­
ceptacles, circuit brealrers, fuseholders, fused switches, 
buses, and wan-hour meter mounting means; intended to 
supply and control power to mobile homes, recreatiorud 
vehIcles, park trailers, or boats or to serve as a means for 
distributing power required to opernte mobile or temporarily 
installed equipment. 

Premises WIrIng (System). That interior and exterior wir­
ing, including power, lighting, Control, and signal circuit 
wiring together with all their associated hardware, fittings, 
and wiring devices, both pennanently and tempo .. rily in­
stalled, that extends from the service point or source of 

, power, such as a battery, a solar photovoltaic gystem, or a 
generator, transformer, or converter windings, to the out­
let(s). Such wiring does not include wiring internal to appli­
ances, luminaires (fixtures), motors, oontrollers, motor 
control centers, and similar equipment 

QuaIIIIed Person. One who bas skills and knowledge re­
lated to the constrnction and operation of the e1ectrical equip­
ment and installations and bas received safety training on 
the hazards involved 

New in the 2002 edition, the definition of the term quaJijred 
person now includes 8Mely trsining. No longer is it adequate 
for an electrical wOJ:l<Or to be "familiar with the hazards 
involved"; the; electrical worker of today must also have 
safe~ training on the hazards' involved. 

Raceway. An enclosed channel of metal or nonmetallic ma­
terials designed expressly for holding wires, cables, or bus­
bars, with additional functions as permitted in this Code. 
Raceways include, but are not limited to, rigid metal conduit, 
rigid nonmetallic conduit, intermediate metal conduit, liq­
oidtight flexible conduit, flexible metallic tubing, flexible 
metal oonduit, electrical nonmetallic tubing, electrical metal­
lic tubing, underfloor raceways, cellular conerete floor race­
ways, cellular metal floor raceways, surface raceways, 
wireways, and busways. 

Cable trays (see Article 392) are not considered raceways 
in theNEC. 

RaInproof. Constrncted, protected, or treated 80 as to pre­
vent rain from interfering with the successful operation of.. 
the apparatus under specified test conditions. 

See the commentary following the definition of enclosur~. '-

RalntlgbL Constrncted or protected so that exposure to a 
beating rain will not result in the entrance of water under 
specified test conditions. 

Raceways on exterior surfaces of buildings are required to 
be made raintighi (see 225.22 and 230.53). For boxes and 
cabinets, see 300.6. Al$O see the commentary following the 
definitions of wet loc~n, and enclosure. ' 

Reoeptacle. A receptacle is a contact device installed at the 
outlet for the connection of an attachment plug. A single 
receptacle is a single contact device with no other contact 
device on the same yoke. A nmltiple receptacle is two Or 
more contact devices on the same yoke. 

Exhibit 100.9 shows one single and tWo multip, Ie receptacle.. 
, , 

., 

Single 
Receptacle 

Munlple 
Receptacle 

(Duplex) 

Multiple 
Receptacle 

ExhlbH 100.9R~c~ptacie~. " 

Receptacle Ou1leL An outlet where one or more receptacles 
are instal1ed. 

See Exhibit, 100.9 and, the commentary following 
220.3(B)(9). 

2002 NlJtional Electrical Code Harulboc 



Remote-Control ClrcoJt. Any electric circuit that controlB 
any other circuit through a relay or an equivaleot device. 

Exhibit 1 00.10 illustra~ a remote-control circuit that starts 
and stop. an electric motor. 

1 1 
. Remote--ciontcO"I •.. 
circuit· . 

Exhibit 100.10 Remate-canlral circun for starting and stopping 
an electric motor. -. , . 

Sealable Equipment. Equipment enclosed in a case or cabi­
net that is provided with a means of sealing or locking SO 

that live parts cannot be made accessible without opening 
the enclosure. The equipment may or may not be operable 
withont opening the enclosure. 

Separately Derived System. A premlBes wiring system 
whose power is derived from a battery, from a solarphotovol­
laic system, Or from a generator, transfonner, or converter 
windiogs, and that has no direct electrical connection. includ­
mg • solidly connected grounded circuit conductor, to supply 
COnductors originating in another system. 

~ce. The conductors and equipment for delivering elec­
ttic energy from the serving utility to the wiring system of 
the premises served. 

The definition of service wits modified for the 1999 Code 
10 .tate that electric energy to a service can be supplied only 

National Electrical Code Handbook 2002 

Article 100 • Defln~lon. 35 

by the serving utility. 1f electtic energy is supplied by other 
',than the serving utilitY, the supplied conductors and equip­
. ment ere considered feeders, not a service. 

Service Cable. Service conductors made up in the form of 
a cable. 

Servioe COnducto.... The conductors from the service point 
to the service disconnecting mew. 

The definition'of service coriductors was revised in the 1999 
Code to be more precise. The phrase "or, other source of 
power" was delet;ed, The service condUctors origin.teat the 
sirvii:e point (where the 'serving utility ends) and end at the 
service disconnect Thre to the associated 1999 Code change 
in the definition of service; these' service condu~ may 
Origiljate onlyfrOIll u.e ..,rVing utility. 

Service coriducwrs is a broad term. and may include 
. 'serVice 4rop~, s~~ 'laterals, and servipe.:~traitce .conduc­

umi. But this term specifically excludes any wiring on the 
supply side (serving utility side) of the .&vice point ". 

If the utility, has specified that the service point is at 
the utility pole, then the service conductors from an overllead 
distribution system originate at the utility pole aDd terminate 
at the service 'disconnecting ineans. 

, If the 'uimly has specified ikt th~ shvice point is' at 
the 'utilitymanbule,then the siirVii:ecoitductors frciman 
undd:'ground diStribution system originate at the utility man­
hole and teriniriate at the service' dlBconlleeting means. 
Where utility-owned primary condUCtors are extended to 
outdoor pad-mounted transformers on private property, the 
service conductors originate at the ~ndary' ccinnOcaons 
of thetrari,formers only if the utility has 'specified that the 
service point is at the secondary connections. 

See Article 230, Part VITI, and the conunentary fol1ow~ 
ins 230.200 for service conductors exceeding 600 volts, 

nominal. 

Service Drop. The overhead service conductors from the 
last pole or other aerial support to and including the splices, 
if any. conoecting to the service-entrance conductors at the 
building or other structure. 

In Exhibit 100.11, the overhead servjce4'op conductors nm 
from the utility pole and, 90nnect to the' service-entrance 
conductors at the" service painL Conductors on the utility 
side of the service point Ore not coverOd by the NEC. 1M 
utility specifies the location of the serviCe point. Exact loca­
tions of the service point may vary from utility io utility, as 
well as from occupancy to occupancy. 
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ExhlbH 100.11 Overhead system showing a service drop from 
a utility ~e to attachment on a house "and servfoe..entrance 
conductors from point of attachment (spliced to servie&drop oon~ 
ductors), down tho Sldo of tho house, through tho meter socket, 
and terminating .In tbe serVice equipment. 

Service-Entrance Conductors, Overhead System, The 
&e<Vice conducton between the terminals of Ille service 
equipment and a point usually outside the building, clear of 
bnilding wail., where joined by tap or splice to the service 
drop. 

See Exmbit 100.11 for an illuStration of service-entrance 
cond~ctors in an overhead system. 

Service-Entrance Conductors, Underground Syste'm. 
The service conductors between the terminals of Ille service 
equipment and the point of connection to the service laternl. 

See Exhibit 100.12 for an illustration of service-entrance 
conductors in an underground system. 

FPN: When: service equipment;' located outside the 
building wal.ls., there may be no service-entrance conduc­
tors, or they may be entirely outside Ibe building. 

Service Equipment. The necessary equipment, usually 
consisting of a circuit breaker(s) or switch(es) and fuse(s) 
and their accessories, connected to the load end of service 
conductors to a building or other structure, or an otherwise 
designated area, and intended to constitute the main control 
and cutoff of the supply. 

The definition of service equipment was revised for the 
1999 Code. In addition to editorial corrections, the phrase 
"connected to the load end of service conducto,"" was 
substituted for the phrase "located near the point of en­
trance." 1b.is change is in concert with the other associated 
changes made to the definitions of service an4 service 
conductors. 

Service equipment may consist of circuit breakers or 
fused sWitches provided to· disconnect all ungrounded con­
ductors in a building or other struc~ from the service- . 
entrance conductors. 

/The disconnecting means at anyone location is not 
allowed to consist of inore than six drcmt breakers or six. 
switches and ;. required to· be readily accessible either otit­
side the building or structure or inside nearest the point of 
entrance of the ·service-entrance conductors. See 230.6 and 
Article 230, Part VI, for service conductors outside the build­
ing and service disconnecting means, respectively. 

Service Lateral The undeIground service conductors be­
tween the street main, including any ris.,. at • pole or 
other structure or from transformers, and the first point of 
cmmection to the service-entrance conductors in a terminal 
box or meter or other enclosure, inside or outside the building 
walL Where there is no termiual box, meter, or other enclo­
sure, the point of connection is considered to be the point 
of entrance of the service conductors into the building. 

The definition of service lateral was revised for the 1999 
Code; eliruinating the references to adequate space. . 

As Exhibit 100.12 shows, the undergrauod Service later, 
als may be run from poles or from transformers and with 
or without terminal boxes, provided they begin at the service 
point. Conductors on the utility side of the service point are 
not Covered by the NEC. The utility specifies the location 
of the service point.. Exact locations of the service point may 
vary from utility to utility, as well as from occupancy to 
occupancy. 

Service Point, The point of connection between !he facili­
ties of the serving utility and the premises wiring. 

The service .point is the point of demarcation between the 
serving utility and the premises wiring. The service point is 
the point on the wiring system where the serving utility ends 
and the premises wiring begins. The serving utility genOra!ly 
specifies the location of the service point . 

Because the location of the service point is generaily 
deterruined by the utility, the service-drop conductors and 
the service-lateral coiiduciors mayor may not be part of the 
service as covered by the NEC. For these types of conductors 
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Exhibit 100.12 Underground systems showing"service laterals 
run from a pole and from a transformer. : "", 

to be covered, they must be physically locate,fon the prem_ 
ISes wiring side of the service point If these 'conductors are 
located on the utility side of the service point, they are not 
covered in the definition of service coTuluctors "and are t:here..: 
fore not covered by the NEC, 

Oenerally, based on the definitions of the terms service 
P~i?t ~d service conductors, any conductor on the serving 
UlllIty SIde of the service point is noi covered by the NEC. 
For example, a typical suburban residence has' an' overiIead 
service drop from the utility pole to the house. If the utility 
specIfies that the service pomt is at the point of attachment 
ofth . drop " e servIce to the bouse. then the s"erVice-drOp 'con-
ductors are not considered service condnctors because the 
service drop is not on the premises wiring side of the service 
pomt. Alternatively, if the service pom! is specified as "at 
the pole" b th tiIi· ' Y e u ty, then the service-<lrop conductors 
are consid~red service conductors, and the NEC would apply 
to the service drop. 

Nariollal Elecn-icai Code Handbook 2002 
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Exact locations for a service point may vary from utility to. 
utility, as well as from occupancy to occupancy. 

Show WIndow. A1ly window used or designed to be used 
for the display of goods or advertising material. whether it 
is fully or partly enclosed or entirely open at the rear and 
whether or not it has a platfoxm raised higher than the street 
floor level. 

See 220.3(B)(7), 220.12(A), and Exhibit 220.1 for shoiv' 
window lighting load requirements. 

Signaling CJrenlt. A1ly electric circuit tbst enexgizes signal­
ing equipment. 

Solar Pholovoltalc System. The total components and snb­
systems that, in combination, convert solar energy into elec­
trical energy suitable for connection to a utilization load 

s.;" Article 690 for s~1ar photovoltaic system requirements. 

SpecIal Permission. The written consent of the authority 
having jurisdiction. 

. : . 

The aull)oritjl having jurisdiction for enforcement Of the ' 
Code is responsible forniaking interpretationsan~ Ilmnting 
special permission contemplated in a number of the niles, ' 
as stated in 90.4. For specific examples of special permission, 
see 1I0.26(A)(I)(b). 230.2(B), and 426.14. 

Structure. That which is built or constructed. 

,Added for the 2002 Code. this dCfinition aIIo";s the architect, 
electrical eilgiD-e~r. general contractor, eiectrica1 contractor, 
and all building officials to use the same definition for , 
structure. 

Switch, Bypass JsoIadon. A manually operated device used 
in conjunction with a transfer switch to provide a means of 
directly connecting load conductors to a power source and 
of disconnecting the transfer switch. 

See 700.6(B) and 701.7(B) for furtber infonnation on bypass 
isolation transfer switchM. " 

Switch, General-Use. A switch intended for use in general 
distribution and branch circuits. It is rated in amperes, and 
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KEITH MALMEDAL, PHD., P.E. 12/2/2009 

1 STATE OF ILLINOIS 

ILLINOIS COMMERCE COMMISSION 

2 

TRI-COUNTY ELECTRIC 

3 COOPERATIVE, INC., 

4 Complainant, 

5 vs. 

6 ILLINOIS POWER COMPANY 

D/B/A AMEREN IP, 

7 

8 

9 

Respondent. 

Case No. 05-0767 

10 DISCOVERY DEPOSITION OF KEITH MALMEDAL, 

Page 3 

11 PHD., P.E., produced, sworn and examined on December 

12 2, 2009, between the hours of eight o'clock in the 

13 forenoon and six o'clock in the afternoon of that day, 

14 at the offices of Tri-County Electric Cooperative, 

15 Inc., 3906 West Broadway, Mount Vernon, Ilinois, 

16 62864, before Jenna L. Higgins, a Certified Court 

17 Reporter (MOj, Certified Shorthand Reporter (ILj, and 

18 a Notary Public within and for the State of Illinois, 

19 in a certain cause now pending with the State of 

20 Illinois, Illinois Commerce Commission, between 

21 TRI-COUNTY ELECTRIC COOPERATIVE, INC., Complainant, 

22 vs. ILLINOIS POWER COMPANY D/B/A AMEREN IP, 

23 Respondent; on behalf of the Complainant. 

24 

25 
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KEITH MALMEDAL, PHD., P.E. 1212/2009 

PageS 
1 IT IS HEREBY STIPULATED AND AGREED by and 

2 between counsel for the Complainant and counsel for 

3 the Respondent that this deposition may be taken In 

4 shorthand by Jenna L. Higgins, a Certified Court 

5 Reporter (MOl, Certified Shorthand Reporter (ILl, and 

6 Notary Public, and afterwards transcribed into 

7 typewriting; and the signature of the witness is 

8 expressly reserved. 

9 * * * * * 

10 KEITH MALMEDAL, PHD., P.E., 

11 of lawful age, produced, sworn and examined on behalf 

12 of the Complainant, deposes and says: 

13 EXAMINATION 

14 QUESTIONS BY MR. TICE: 

15 Q. I will tell you what. You have got your 

16 report. Just give that to the court reporter because 

17 you have yours already. Would you state your name, 

18 please? 

19 A. Keith Malmedal. 

20 Q. Spell that for me, please. 

21 A. K-e-i-t-h M-a-l-m-e-d-a-l. 

22 Q. Have you -- where are you from, 

23. Mr .. Malmedal? 

24 A. 

25 Q. 

!"-.midwestlitigation.com 

Denver, Colorado. 

Okay. And your age? 

MIDWEST LITIGATION SERVICES 
Phone: 1.800.280.3376 Fax: 314.644.1334 



i. 

KEITH MALMEDAL, PHD., P.E. 121212009 

Page 102 

1 as well as physical facilities, correct? 

2 A. Yes. 

3 Q. Weight of equipment and so forth? 

4 A. Yes. It would be expensive and --

5 Q. Okay. And they'd have to do that even 

6 though Citation didn't require any additional power; 

7 is that correct? 

8 A. If there are other customers that needed 

9 the power? 

10 Q. Yes. 

11 A. Yes. They would have to do that. 

12 Q. Okay. NOW, Robert Dew in his report in his 

13 testimony has referred to the fact that IP has made a 

14 number of modifications to the Texas substation over 

15 the years from 1965 on up including new transformers, 

16 larger transformers. You read his report? 

17 A. Yes. From 1952 on up. 

18 Q. pardon? 

19 A. 1952 was the first instance he referred to. 

20 Q. yeah. And did you investigate any of those 

21 assertions by Robert Dew that, in fact, these changes, 

22 these modifications, had, in fact, been made to the 

23 Texas-substation, physically made to the Texas 

24 substation? 

25 A. Other than -- no. I didn't investigate, 

www.midwestJitigation.com 
MIDWEST LITIGATION SERVICES 

Phone: 1.800.280.3376 Fax: 314.644.1334 
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1 but I have no reason to believe they weren't done. 

2 Q. Okay. And do you have any reason to 

3 believe that those modifications had an effect upon 

4 the increased capacity to serve load out of that Texas 

5 substation? 

6 A. They very likely did, yes. Some of them 

7 did. 

8 Q. Now, also, the Texas substation is a three 

9 phase substation, isn't it? 

10 A. Yes. 

11 Q. I mean -- and what does that mean? Tell 

12 me. 

13 A. It means there are three phases of voltage 

14 that are going in and out of it. 

15 Q. Coming in on the high side and going out on 

16 the low side, is that correct? 

17 A. Yes. 

18 Q. So every circuit coming out of that 

19 substation on the low side is a three phase circuit, 

20 isn't it? 

21 A. Yes. At least where it attaches to the 

22 substation. 

23 Q. And, well, it is a three phase circuit 

24 going to the Citation connection, isn't it? 

25 A. 

www.midwestlitigation.com 

It is, yes. 
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1 CERTIFICATE OF REPORTER 

2 

3 I, JENNA L. HIGGINS, a Certified Shorthand 

4 Reporter (IL), and a Notary Public within and for the 

5 State of Illinois, do hereby certify that the witness 

6 whose testimony appears in the foregoing deposition 

7 was duly sworn by me; that the testimony of said 

8, witness was taken by me to the best of my ability and 

9 thereafter reduced to typewriting under my direction; 

10 that I am neither counsel for, related to, nor 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

employed by any of the parties to the action in which 

this deposition was taken, and further that I am not a 

relative or employee of any attorney or counsel 

employed by the parties thereto, nor financially or 

otherwise interested in the outcome of the action. 

Notary Public within and for 

the State of Illinois 

IL CSR #084-004398 

OFFICIAL SEAL 
JENNA L HIGGINS 

NOTARY PUBliC· STATE OF ILLIN01S 
MY COMMISSION EXPIRES:Olf27I13 
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Phone: 1.800.280.3376 Fax: 314.644.1334 



KEITH MALMEDAL, PHD., P.E. 121212009 

Page 119 

1 STATE OF 

2 COUNTY OF 

3 

I, KEITH MALMEDAL, PHD., P.E., do hereby certify: 

4 That I have read the foregoing deposition; 

That I have made such changes in form and/or 

5 substance to the within deposition as might be 

necessary to render the same true and correct; 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

That having made such changes thereon, I hereby 

subscribe my name to the deposition. 

I declare under penalty of perjury that the 

foregoing is true and correct. 

KEITH MALMEDAL, PHD., P.E. 

Executed this;<~ day 0 

2009, at Srql It.Mi2JJ Mxici w)~f-I 

&; lo/2.t1t.d 0 

Signature page to: 
My Ca, .... ' Exp<re, '/lOlt3 

Matthew Frey 

20 Jh/KEITH MALMEDAL, PHD., P.E., 12/02/2009 

21 

22 TRI-COUNTY ELECTRIC COOPERATIVE, INC. Vs. ILLINOIS 

POWER COMPANY D/B/A AMEREN IP 

23 

24 

25 

MIDWEST LITIGATION SERVICES 
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- EXHIBIT 4.1 
JUL -13-2005 WED D2; 2~ BROWN HAY & STEPHENS 

--- -- FAX NQ 2175449609 
CITATION OIL 

l111y 8, 2005 

Mr. Todd MutaI 
Replatmy SpecieJist, AIDI:reo IP 

Mr.Masu:n. 

Thia IcUIr is ~ 1'IrittaIl1o expWri Ciwion'. plllll to ~ AmcIreII IP pOWa", lia III 
m.tins ~ IIno, that II 0WIIe4 by the SaIlIa! Unit lII\mIat CIMIOI'I, I11III c:um:atly 
adSII in Tn County Elcc1ric Coop tsriIory,lo pawer ~ in 1be SJIan Unit. 

CitIIion Oillllld Ou Cclip.ICC}lIitDcl1iJ§opmtioo of1iJ§ SIIeaL WIIIItflooc1 UIIit ill 
Decombot 1991 !OlIL T_ &pkrradca 1I!d1'rocluollclll~. ThII UDitI1nCcbe8 
teVCIlmllelin\coslh fiomSection l6, T2N.R2E. fo8eclti= 17, TlN,1l2BinMarion 
County, DIiDoI.s. CuIraD:Iy the Salam lhIit 1I1iliT.cf ,pcrIlc load of 5,800 KW 1'Ii12I1I1 
annae _11f - 3.7 MKWK. The voltase AuuInm lP IUJlPIicJ to Citation ill 69 KV II!d 
lJ IIeppcd down 10 12A7 KV pdor to bIiq tflItdbqjed 1Invvgh the Sala U1Iit via tbur 
Hpaillte primary cirI:uitI. The primIIy GimuillIIIt !IWDII4 by 1iJ§ irJImeIt cnmm ofdic 
Salem T.1IIit A to1al of296 wolJs j1IOducIDg via lldifioia1li1l, lajecdon JIIIIDPIIhat iqject 
proc\Ilced wateriato 61 iqjegtioa wcIIt, l1li4 two oilllll4 WIllet IIep""tIion 1icilir:ies (nodh 
baItery IIIl4IOU1h DaUcry) a JlO""'l'eCI by .Amacn Ii' via tho fmlr IOpIl'lltO dMlits which 
fXist 10 II Iarp: CODt ill Tn Coauty's tcaitmy. AlIIaGD JP is tho 0IIly eIcct.ric.t ~ 
to the Saltm Unit. . 

Citalion ia conatruetiDI II su plant to be locaIed auliacent to the South batuIy in the 
DGrIhweat qlIIder of section 6, TIN, lUB. 'lbe au pbm! will n:ceivc ps fI'om !be 296 
producing WDIII that a llIIn1!IIlIypowtad by "-JP. llipt 1CIJIarar. wmpiClilOl'l 
will be seC 1hro.'Bbout dic field 10 pun tho ps li= tba pr:vdlIciq wells IIIId dcliYar the 
field ps 10 the pi plant. The &as plaut will cm1CI hydmam wJBde II1d t.beII ~ 
Jiquicls (fQ bco tIIId uliqui411111in1l ps) fI:om 1be field pi. It II cIi1iI:aI to tho opeutiOII 
oflho su pJam fo be iDtuCOllllCOtecl with the _ oimIiIB thai JIOWer the ~ 
wo1lI. if tho su plam ~ CD Tn Couuty'l ,_l1li4 Tn Count;y lutt poWC" IlI/I 
field ps WIlIII4 flare 10 aunope (foxio ms 1I'01IId be tD1eeae4 to IlI/I atmnopbtn and a 
leIOWCO _14 bco 1I"lI5Ied). On tho oth« IwId, ifTrl CodIIty pow« &ta)Ild on Jjae 10 the 
gas pJam md AIDma\ lP lost powr:r .xJd tho field IIU rupply was iDteItupled, equiptrJeI1t 
at the ps pJam wollld poIIIaIia1Iy over!lqt aad bo c\~ The eaftIt. JIlClBt ecoaomio. 
1114 cfliclrm 1VJ)' to opetate IIIe ps plll1t W01lld be 10 iDreR:oDI1ect tho &as plAInt wiIh Iho 
power IlIJIPBed 10 Iboproclucllls we1It. If. po1VU iDtDttuplioD occ:an to 111., ~ 
weIla, the _can be tabn offlilll wid! the COIIttola !bat atD c:umatly ill pi-. 

The Sal pllmtwill ~ 800 KW' of~ ~willlill initial averaae 
opetam.,loIIdofSIOKW. Tho algbt1ic1d COlUIn- wUlhavcl600KW ofcormected 
load I!Id III avarase inltiIlla.d of - SOO XW. 1biI1oad 1I"ilI be I:ntcadecl fo operate • an 
timce IIId ....m eery a load &ctor IiJDiIat 10 tbI! load facIor of the enllllna optdIiOllJ. 11Ie 
iDItialloada oltha JlIB prot ,.,'3 equlpIIIent wiI1 more than Ilk1ny Increase CJVrJt time u 
~ Il1'O zeacti '-.lIICODIpl*d, or _ wolls are cIriJled. 

P. 02 
i002/00a 
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Prepared Rebuttal Testimony of Robert C. Dew, Jr. P.E. in Support of Tri-County Electric 

Cooperative, Inc. and attached hereto, addressed to the following persons at the addresses set 

opposite their names: 

Mr. Scott C. Helmholz 
Bailey & Glasser LLP's 
Suite 520 
One North Old State Capitol Plaza 
Springfield, IL 62701 
Shelmholz@baileyglasser.com 

Larry Jones 
Administrative Law Judge 
Illinois Commerce Commission 
527 East Capitol Avenue 
Springfield, IL 62701 
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