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1. GENERAL 

1. 1 This section provides REA borrowers, engineers and other interested 
parties with infomation on the electrical protection of telephone 

systems •. The general concepts of system protection for rrooem telephone 
plant are illustrated. It replaces Issue No. 3, dated July 197 4. 

1.2 Protection engineering may be defined as the.protection of subscribers, 
teleph:me company personnel, the public and teleph:me plant (inside 

and outside) against high voltage contacts and lightning; the reduction of 
interference caused by low frequency induction from power and other sources 
to the transmission of speech and other fonns of transmitted intelligence; 
the mitigation of crosstalk.between telephone circuits; the mitigation of 
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noise induced :in the telephone plant fran external sources; and the in­
vestigation and mitigation of electroiysis in underg&und and buried 
cable. The rrost appropriate tirre for combating these influences is during 
the design and oonstruction of teleph::me plant. Details on specific 
protection reoormendations can be found in the 400 and 800 series of the 
TE&CM. and those sections·of the 600 series pertain:ing to the National 
Electrical Safety Code, clearances and corrosion. · 

1.3 Teleprone systems are subject to disturbances from external sources 
of electrical energy. These sources include electrical power supply 

circuits and natural phenorrena, such as lightning and low energy static 
charges. The electrical disturbances enter the telephone systan via direct 
contacts, rragnetic fields, or electrical fields. The effect in tre tele­
phone plant rray be oonfined to int!;:!rference with its nornal use or operaticn, 
as in the case of noise or interference with signaling; or they rray be 

· capable of creating hazards to subscribers, the public, telephone personnel, 
and damage to plant (outside and inside)°. . 

1.3.1 The electrical protection discussed in.this section deals with the 
control of abnorrral potentials and currents that rray appear in the 

telecorrrnunications plant. It is irrpossible to provide sirrple specific rules 
to oover all protecticn requirerrents. Therefore, due to variations· in 
plant and equiprrent making up the total systan, only generalized recan­
rrendations are offered. Additional :recarmendations for the protection of 
specific types of plant, equipnent and environrrental oonditions are provided 
in the 'IE&CM sections listed in Paragraph 1. 2 •. 

1.3.2 Equipnent and material design engineers need to be aware of the 
abnonral voltages and currents which.rray occur within tre tele-

communications plant. · 

1. 3. 3 Evaluation. of the effects of abnornal potentials and currents on 
various types of plant and equipnent in the telephone systan is 

a primary concern of the teleph::me system engineer. - After detennination 
of the effects, · the rrost suitable fonn of mitigation rrust be reccmrended 
for each situation. 

1.4 The field of electrical protection against foreign potential covers 
two areas. 

1.4.1 First; is to minimize, as far as practical, electrical hazards 
to the general public and to individuals who use the telephone 

system. There is also the need to protect the errployees _who are in.:.. 
volved in the construction, operation ahd rraintenance of the tele­
oorrrnunications system. 

1.4.2 Second; is to reduce, as far as practical, electrical darrage 
to aerial, buried or underground plant and equiprent and to 

buildings or structures that may be. associated with such plant or equip­
rrent. 
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1.5 Protection of plant and equiprrent involves a balance between the 
initial cost of the appropriate protection measures and their 

rraintenance expense versus the value·of increased service reliability 
and cost of repairs to plant and 6:!Uiprrent. Where the general public, 
custorrers or errployees are concerned, safety from electrial shJckand 
other hazard should be the prirre consideration. · 

1.6 Tl'Dse protection problems such as connections to multigrounded 
neutral, grounding locations, etc. , relating to the econanics of 

the design srould be identified and studied early during the planning 
phase of a new facility. M:>st protection rreasures are rrore costly to 
i.rrplerrent after the · plant has been installed. 1-.Jh.ere service continuity 
is essential, there is no reasonable alternative to providing an·initial 
high level of protection. 

1.7 Sare protection rreasures are primarily designed to be effective 
against lightning. Other measures are utilized to minimize damage' 

from electric power systems. There are also. specific measures associated 
with the mi ligation of noise and signaling problems. All of these are 
discussed in detail in the TE&CM sections listed in Paragraph 1.-2. 

1. 7 .1 M:>st p~otecti ve measures designed for protection against lightning 
damage will also afford protect.ion against electric p<Mer system 

aarrage and vice versa. Sare will also provide irrproved noise performance. 
Likewise, sorre of the rreasures applied to the t~lecorrmunications system 
for noise reducticn will also provide protection against the ~ffects of 
lightning and pc,.,.rer related problems. 

l. 8 Ek!Uiprent located in the central off ice building is less exposed to 
direct lightning and high current from both power line contacts and 

inductirn than plant and equiprrent located outside the central office 
building. However, such equiprrent is exposed to lower rragni tu.de induced 
currents from the outsiae plant facilities to which it is connected. 

1. 9 A factor in detennining the protection to be used at an office, 
as corrpared with subscriber stations, is the effect of equiprent 

failure on overall service continuity. Where the probability of trouble 
is small, sorre risk of equiprent damage might be taken at a subscriber 
station providing there is no carpranise of subscriber safety. fbwever, 
with the same prol::E.bility, the possibility of damage at an office may be 
too great due to the ultirrate effect upon rrany circuits. In the rrajority 
of subscriber circuits the only perrranent connection to ground is at the 
office. In such cases the current, resulting from either a power fault 
current or induction in the cornnunications facilities, would flow toward 
the office rather than toward the staticns. The current will flow toward 
the point of least resistance. If the office protection is not adequate, 
such current might result in overheating of circuit elements in the line 
circuits. 
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1.10 Prior to designing a protection system the engineer should be 
farniliar with the various methods and types of protective 

devices described in. the TE&Q\1 Sections listed in .Paragraph 1.2. 
Fani.liaritywith potential protection problems camon to the particular 
area in which the telea::mnunication system is located is essential. 
For exarrple, has there been frequent lightning.damage, excessive power 
related darrage, or perhaps high circuit noise in the area? With this 
infonnation, a protective system can be designed to provide the best 
perfo:rnance in the desired protection area. 

2. OODES 

2.1 The National Electrical Code (NEC) and the National Electrical 
. Safety Code (NESC) are nationally recognized standards of elec-

trical wiring to protect workers and the public against shock hazard 
and property against fire hazard. Both of the codes are approved by 
the Arrerican National Standards Institute (ANSI). The NEC, which is 
sponsored by the National Fire Protection Association, generally covers 
wiring in or on a building. The NFSC is sponsored by the Institute of 
Electrical and Eiectronics Engineers, Inc. and covers outside wiring. 
Portions of the codes cover wire spacings, insulation, and clearances 
above the ground for telephone lines. Cl:i.mbing space on poles is also 
included. Also covered are protector requirements, grounding of pro­
tectors, cables and guy wires and bonding between the power·and can­
munications systerrs. 

2.2 The NEC in Article 90..:..2 (b) (4) states that; "Installation of 
connrunications equipnent under the exclusive control of comnuni­

cations utilities, located outdoors or in building spaces µsed exclu­
sively for such installations" are not covered by NEC requirements. 
Regardless of this exemption, it is recanrrended that carpanies corrply 
with the code requiranents at· all times. 

2. 3_ At all ot.ffir locations, telecarmunications plant and apparatus 
must rreet the applicable provisions of the codes or local ordin­

ances. In sare instances local ordinances may be stricter than the 
national ccxles. The engineer should bec:x:ne familiar with both national 
and local codes. 

3. SOURCF.S OF ELECTRICAL DISTURBANCES TN TELECXMMUNIC'ATIONS SYSTEMS 

3.1 Lightning 

3.1.1 Lightning is a transient high current electrical discharge. It 
occurs when.some region of the atrrosphere attains an electrical 

darge of sufficient potential to cause dielectric breakdc,..m. of the air. 
Lightning is usually an electrical discharge from cloud to cloud or from 
cloud to earth. Cloud to cloud discharges are the most numerous but are 
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of little concern to the protection engineer responsible for the protection 
of custorrers, plant personnel and telecarrnunications equiprent. The cloud 
to cloud discharges produce electrostatic induction in telecornnunication 
plant susceptible to this type interference. The rragnitude is relatively 
low and may be a source of noise but is rarely a hazard to personnel or 
equiprent. Lightning strokes to ground are a source of hazardous potentials 
and currents. Direct strokes to wire and cable plant may produce serious 
arcing near the point of contact. This is due to the plant becoming a 
part of the series path between the cloud and earth along which large arrpli­
tude surge currents will flow. Voltage differences will occur in the plant 
that are great enough to produce dielectric breakdown and hazaraous shock 
conditions. Strokes to earth near telecarmunication plant may involve the 
teleprnne plant in tv,0 ways. Should the nagni tude of the ground potential 
rise be great enough, dielectric breakd0tm of the sheath rraterial nay result 
and the cable will becorre part of the conductive discharge path. The effects 
on the plant are similar to those produced by a direct stroke but the voltage 
and current magnitudes will be lower. When a nearby stroke does not involve 
the plant directly through a conductive discharge path, the fields associated 
with such strokes may be sufficiently intense to produce inductive effects 
hazardous to personnel and plant. There is anot.rier lightning related 
phenarenon which may be the greatest source of hazardous potentials and 
current. A direct stroke to the pa.ver system nay produce a dielectric 
breakdown (ionization) of the·air resulting in an arc between tv,0 corrponents 
of the system. This can occur between two phase wires, a phase and neutral 
wire or a phase wire and grounded hardware. The resulting unbalanced 
condition of the power system nay induce. high potentials in parallel tele­
corrrmmications plant. These induced potentials last for longer tine periods, 
tran do the induced potentials associated with nearby lightning strokes, and 
can result in greater darrage in the telecrnmunications plant. 

3 .1. 2 Lightning occurs in practically all areas of the United States. 
The annual incidence and relative intensity of thunderstorms vary 

greatly fran area to area. It can therefore be assumed that the tele­
comnunications plant will be exposed to the effects of lightning in varying 
degrees. The exposure in sparsely settled rural areas will be the greatest 
because there is little benefit from the shielding provided by other grounded 
structures. Plant located in cities and other built up areas has less 
exposure due to the presence of high structures that tend to intercept 
lightning strokes. There are also the benefits from shielding provided 
by other grounded conducting media such as public water systems. Between 
these two extrerres, there are varying degrees of exposure depending on the 
density of grounded structures in the area. 

3.1.3 There are two general types of thunderstoimS. 

a. Convection storms are local in area and of relatively 
short duration. Ccnvection type thunderstoimS account . 
fol'.'. the rrajority of thunderstorm days in the United 
States. 
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b. Frontal storn1S extend over greater areas and may 
last for several ·hours. Studies show that frontal 
type storn1S cause appreciably nore darrage tllan­
convection type storms. 

3.1 • .3.1 Convection type storms are caused by local heating of the 
air near tre earth which rises and rreets cold air at higher 

altitudes. These storms are predaninant during the surrrner rronths and 
in wann climates. They are· nonregenerati ve in nature and the rain 
usually accorrpanying such disturbances cools the earth dissipating 
their energy source. There are indications that the magnitude and 
incidence of lightning strokes to ground during these storms are lower 
than with frontal type stornlS. 

3.1.3.2 Frontal type thunderstonns are produced when a front of wann 
rroist air rreets with a cold front. These stonns may extend 

for several hundred miles and expose large areas to severe lightning 
discharges. They are regenerative in nature l:ecause the frontal air 
masses may continue to rrove into the area and maintain the turbulent 
conditions for hours. 

3.1.4 'Ihe rreasure of stonn frequency is the nUTlber of "thunderstonn 
. days" experienced at a specific location during the year. A 

"thunderstonn day" is defined by the National Weather Service as any 
day during which thunder is heard at a specific observation point. Such 
observations rrerely confinn the presence of lightning rut do not provide 
info.:rnation relative to the nurrber of strokes to earth. 

3.1.4.1 The National Weather Service has corqpiled extensive data on 
the annual incidence of thunderstonn days in the United 

States. Data has been obtained from several hundred ol:se:rvation points. 
The data has been· plotted in the fonn of an isoceraunic map. This map 
is used extensively for estimating plant exposure to lightning. See 
Figure 1. 

3.1.4.2 Info.:rnation on stroke incidence for various areas is essential 
for estimating tre probable telecarmunications plant exposure. 

It has been customary to use a "Stroke Factor" based on areas typically 
experiencing each type of stonn for this purpose. This provided a rough 
approximation since there were only two factors; one, for frontal type 
stonns and the second for convection type storms. later work in this area 
has developed a "Proportion Factor" based on latitude which provides a 
better representation of the exposure. 
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3.1.4.3 The electrical resistivity of the earth (resistance of the earth 
to the flow of current) is alrrost as irrportant as the intensity 

and frequency·of occurence of lightning strokes•in detennining the prob3.bility 
of lightning damage. The :unit of earth resistivity, the ohm-rreter, is 
defined as the resistance, in ohns, between opposite faces of earth one 
cubic rreter in volune. An alternate rreasure, the ohm-centirreter, is 
defined as tre resistance, in ohms, between opposite faces of a one cubic 
centirreter cube of earth. If earth resistivity is high, the voltage which 
a given stroke develops across a dielectric, and the distance that lightning 
currents travel along a conductor before attenuating to hannless values are 
greater than if the earth resistivity is low. The result is that the 

· probability of lightning damage is greater in sare parts of the country, 
with high earth resistivity and only rroderate incidence of stm:ms, than it 
is in other parts with lOW" resistivity and greater incidence. Earth 
resistivity varies over a considerable range in the continental United States; 
from a f"EM ohm-rreters along part of the Gulf of Mexico coast to 10, 000 ohm­
rreters or rrore in upland orrrountainous country •. Table I gives range of 
earth resistivity values to be e:>q?ected for various soils. 

( 

TABLE I: RESISTIVITY OF VARIOUS SOILS 

Soil Resistivity Range - (Ohm-Meters) 

Loam 
Clay 
Sand/Gravel 
Lirrestone 
Shale 
Sandstone 
Granite 
Slates 

5 - 50 
4 - 100 

50 - 1,000 
5 - 10,000 
5 -10,000 

20 - 2,000 
1000 

600 5,000 

3.1.4.4 By combining data on _thunderstonn days, earth resistivity and 
latitude a lightning damage prob3.bility nap (Figure 2) has 

been developed. It should be noted that this map is intended as a broad 
guideline indicating areas in which very high, high, average, lOW" and 
very low lightning damage can be expected. The map represents a useful 
tool when errployed as intended. It is a broad area system map to be 
errployed in assessing generalized protection practices over a wide 
geographical area. For example, by exarniru.ing the rrap one could quickly 
justify the use of maximum duty gas tubes on a system-wide 1:::E.sis in 
Florida while detennining this would not be cost-effective in California. 

3.1.4.5 While Figure 2 is valuable for determining if broad areas may 
. experience greater than average lightning problems, local 

e:>q?erience can reveal excepticns · to trese guidelines. · A micrdi@ve tower 
on a hilltop in a lOW" lightning darrage area may require special protection 
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while equiprent in a city of tall buildings served by cable in ducts may 
require minimal protection even when located in a very high darrage area. 
Establishing concise standards for evaluation of local experience is 
i.npossible. Good engineering judgerrent, based on the best available 
experience and info.rmation rrust be exercised to obtain optimum protection 
for the system under consideration. 

3.1.5- The characteristic cloud forn:ation norrrally associated with con-
vection and frontal type storn1S is the cumulo-nimbus cloud, 

corrmonly referred to as the ''thunderhead.'' Strong winds, heavy rain, 
hail and lightning are associated with such clouds. These clouds, when 
fully developed and observed from a lcng distance, have a characteristic 
anvil shape with a broad top,· a sharply defined outline with a brilliant 
white near the top and sorretirres a cap of ice crystals. There are 
several theories relating to thunderstorm electrification. They all 
have the cormon problem of accounting for the quantity of charge that is 
required to produce lightning. The goal of continuing research in this 
area is to better understand the electrification process and develop a 
rrodel for thundersto:rm electrification. This will provide a key tool 
toward the development of rriore effective lightning protection systems. 

3.1.6 Knowledge as to the polarity of a lightning stroke is of little 
practical value to a protection engineer. A surge propagated 

through an object in either direction will have the same effect. As a 
matter of interest, studies indicate that strokes to ground can occur 
from either positively or negatively charged clouds. The rrajority of 
strokes to ground, however, are between negatively charged clouds and 
corresponding positively charged earth. The resulting electron flow 
is from the cloud to earth. 

3.1.6.1 A lightning discharge is usually initiated fran the charge 
center in a cloud in ionization steps that are called a 

stepped leader. The stepped leader may be initiated at a structure 
where the discharge involves a tall structure. If it is assumed that 
a negative cloud is being qischarged to positive earth, the stepped 
leader path is preionized by a steady rroving pilot leader. The pilot 
leader leaves no visible track. The stepped leader fella.vs the pilot 
leader path in approximately 50-yard increrrents at 50-µsec intervals, 
with accorrpanying luminosity at each step. This discharge pattern 
has been recorded en fast-rroving film. 

3.1.6.2 As soon as the stepped leader reaches the earth, neutrali-
zation of the negatively charged channel begins at the earth 

and travels in a brightly luminous path toward the cloud at 10 percent 
of the velocity of light. This is the main lightning stroke. The 
upward progress of the ma±n stroke toward the cloud is accorrpanied by 
a rising surge of current from cloud to earth. This main surge· of 
current, which lasts less than a millisecond, may be followed by a 
low current lasting approximately 0 .1 second. A second leader, called 
a dart leader, may then occur which originates in a different part of 
the cloud charge center. It will follow the sarre path to earth but 
does not exhibit the stepped characteristic of the first leader. The ' 
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dart leader may result in a second main stroke which in turn may be followed 
by a third dart leader and so on. The average number of strokes in rmiltiple 
discharges is about four. Single stroke discharges are quite ccmron while 
discharges having rrore than six strokes are rare. The rredian number of 
strokes per rrul tiple discharge is two. The tirre interval between strokes 
in a multiple discharge is so short (0.02 second) that several strokes may 
appear to tre eye as one bright stroke. The first stroke in a rrul tiple 
discharge is assumed to contain the highest energy discharge to earth similar 
to the discharge of a capacitor. 

3.1. 7 Potentials associated with a lightning discharge are very high. 
Estimates of the potentials required to initiate a discharge are in 

the order of 5 to 20 million volts. It would require potentials in excess 
of these values were it not for the nonunifonnity of the electrostatic field 
between cloud and earth. Ionization of the charge center in a cloud initiates 
the pilot leader which carri:es- charge with it toward earth. The field at the 
tip of the leader becorres progressively intense and ultimately proceeds 
until it contacts the earth or some object on it. Occasionally, the charge 
fed from the clom. to the leader is not sufficient to maintain its progress, 
and the charge will dissipate wi trout producing a stroke. The pri.macy 
concern of a protection engineer is not related to the potentials associated 
with lightning strokes but rather the darrage to plant from high magnitude 
currents. Crest-current values vary over a wide range from stroke to stroke. 
The rragnitude depends on rreteorological factors and the overall irrpedance 
of the stroke. Figures A and B are representative curves showing the 
distribution of the crest magnitudes for direct lightning strokes to aerial 
and buried structures . The average initial stroke is ab::mt 16KA in the 
case of aerial structures and 30 KA for buried. While these currents are 
large it should be remembered that they are values associated with direct 
strokes. Typical surges conducted or induced into telecorrmunications 
facilities are considerably srraller. Ordinarily, the energy in a direct 
stroke is so great as to make protective rreasures unfeasible and uneconani.cal 
for nonna.l telecamrunications plant. However, radio towers and similar 
structures should be designed to withstand rrost direct strokes. 

3.1.7.1 The irrpedance of objects such as telecarmunications plant, which 
'rray become part of the path along which the elctrical charges 

flow, is considerably lower than the total stroke path irrpedance. It is 
therefore, appropriate to consider a lightning stroke as essentially a 
constant current source. 

3.1.7.2 Recorded rreasurerrents reveal that there are wide variations in 
rise and decay, times between lightning strokes. Lightning 

strokes are sorretirres referred to as "hot" or "cold" lightning. "Cold" 
lightning is characterized by rapid rates of rise, high crest currents 
and relatively short decay tirres. These strokes leave no trace of burniIXJ 
or fusing but do develop explosive pressures in materials where the vapor 
produced cannot readily be vented. "Hot" lightning will generally have 
much lower crest current values with slower rise and delay tines. such 
long duratirn surges do not produce significant explosive effects but 
may ;ignite canbustible rraterials and fuse conductors. 
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3.1.8 The very high current values associated with lightning strokes 
to earth combined with the possible hazard to the public, 

personnel, and telecamrunicaticns plant must be given proper respect. 
such appreciation should be tenpered with the knowledge that statis­
tically there is a probability that strokes to earth may not always 
produce plant danage. The· possible hazard is real, but there is consi~­
erable info:rnation indicating that trere are limiting factors on the 
prol:e.bility that any stroke to earth will occur at or near enough to 
telepmne plant to cause darrage. Factors that reduce the nature and 
frequency of the hazard are as follows: 

a. The actual mmiber of lightning strokes to earth that may 
occur in any given square mi.le per thtmderstoml day is 
srrall; probably less than one.· Based an this, it is 
evident that even in areas with maxirrum frontal stonn 
activity such as the southern tip of Florida (See Figure 
1} trere will not be a high nunber of strokes to earth 
per square mi.le per year. 

b. Teleoornrrunications plant actually occupies auy a very 
small part of the area affected by the stonn. The 
probability, therefore, that strokes to earth within 
that area might affect the plant by direct stroke, 
induction or even distffil.ce oonducticn and produce danage 
or hazard is limited. 

c. . Reference to Figures 3A and B shows that of those few 
strokes to earth which do affect aerial and buried 
structures, only a srrall percentage are of tre high 
current, destructive type. 

d. Severe local terrain variations and shielding of telecx:m­
nunications plant by tall trees and/or other tall structures 
will further limi. t tre prol::abili ty of darrage from a stroke 
to grolID.d. Aerial cable in joint construction is well · 
shielded by the power system. 

e •. , . 'Ibwers, structures, etc. are designed and further protected 
--to provide low-resistance high-current paths to ground 

for direct strokes with minimum or no resulting damage. 
'Ieleoommmica.tirns cable shields are ciesigned and further 
protected ·against the effects.of all except a direct stroke. 
The induced voltage in tre i,iantj/1~ the- rnafc:fr· concern of the 
protection engineer. · 

3.1.9 D. w. Bodle and P. A. Gresh, of Pell La.1:oratories, conducted a 
study of the effects of lightning surges in paired telephone 

cable facilities. The report "Lightning Surges in Paired Telepmne 
C'able Facilities" was published in the Pell Systan Technical Journal, 
March 1961. Five trunk routes were studied in an urban enviroment. 
Two routes were enti_~y underg:rotmd while three had aerial cmplerrents. 
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The plant was well shielded by closely spaced buildings, extensive power 
distribution and buried metallic pipe systems, and other telecorrmunications 
cables in the sa:rre conduit run. During the period of study surges on cable 
pairs did not exceed 90 vol ts. Pairs with aerial extensions srould still 
re considered as exposed to lightning since surges will propagate for 
considerable distances into tre underground cable. 

3.1.9.1 Two aerial and one buried trunk cable routes were also studied. 
Some rather conclusive results were obtained relating to the 

characteristics of lightning surges to which tenninal equip-rent can re 
exposed. The test location for all of trese studies was at a central 
office and the test pairs were equipped with 3 mil carbon block protectors. 
Subsequent studies by REA and Bell Laboratories did record higher voltage 
levels but roth studies were oonductedon cable pairs at a field location 
rather than at the central office. The Bell Laroratories test locations 
were equipped with 6 mil carron block protectors rather than 3 mil. 

3.1.9.2 Even trough there were oonsiderable differences in the types of 
paired cable studied, the statistical results were quite similar. 

Fbr each thunderstonn, it was found that 20 surges are likely to exceed 
100 volts, five are likely to exceed 250 volts and one is likely to exceed 
400 vol ts. The rraximum surge recorded was 450 vol ts. 

3.1.9.3 The study indicated that the surges were fundamentally inpulses 
with a measurable rise tirre to peak value and an exponential 

decay tirre without severe oscillations or polarity reversals. All three 
cables studied had a rredian rise time of 100 µsecs. This is quite long in 
corrparison to the cormon thinking of lightning related surges. A small 
number of surges had a rise time as slow as a millisecond while some were 
as fast as a few microseoonds. 

3.1.9.4 There was a definite similarity in the decay times recorded for 
the three test cables. The average decay time was in the order 

of 400 µsec with the l-to-99-percent range falling retween 100 and 200 µsec. 

3.1.9.5 Based on these studies, a corrposite wave shape was selected for 
use as a standard test wave for cable circuits. This wave is 

cornronly descrired as the l0xl000 µ sec wave (Figure 4) • It is custorrary 
to define the wave shape of a surge by two numbers such as l0xl000 (ten by 
one-thousand) where roth values express time in microseconds. The number 
10 expresses the rise time from 10% to 90% peak value and the number 1000 
represents the subsequent decay time interval fran zero (beginning of surge) 
to 50 percent of the peak surge value. This wave is now used as a re­
producible wave shape for testing low dielectric and law power apparatus used 
on paired teleprone facilitles, especially solid-state type apparatus. The 
rragni tude of the peak voltage for this test is detennined by the character-
i tics of the protection devices behind which the equiprrent will operate. 
REA uses 1000 volts peak for the standard voltage surge testing of electronic 
Eqlliprent. 
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3 .1.10 The effects of lightning on the telephone plant and a general 
· discussion of lightning protection techniques are coveted in 

paragraphs 4 and 5. 

3.2 Electric Power Systerrs 

3.2.1 Since tre power and telecx:mnunications canpanies nornally serve 
the same custarers their outside plant facilities are usually 

closely associated. It is advantageous to the carpanies, as well as in 
the best interest of the general public; that both plants be coordinated 
as to location, design, construction, operation and maintenance. Un­
necessary conflicts can thus be avoided, and tre possibility of direct 
contacts, the effects of .normal and abnornal low frequency induction, and 
noise can be reduced. 

3.2.1.1 Damage to the teleprone system originating fran electric power 
· S'\.lPply lines may occur in two ways. These are by direct contact 

between overhead power supply lines and aerial telephone facilities (wire 
or cable) and by magnetic induction. Magnetic induction which is related 
to power system unbalances is discussed in REA 'IE&G1 Section 451, para­
graph 7. 

3.2.1.2 There is also another power line source, the JX)Wer follow arc, 
which is lightning associated. Darrage to the telephone system 

can be sirrd.lar to that from a direct contact when the arc occurs between 
the power and teleprone lines. Where the arc occurs between power system 
conductors or a power system conductor and ground the teleph:::me system 
darrage will result from magnetic induction due to the large power system 
l.IDbalance. 

3.2.2 The possibility of darrage to teleprone systems due to accidental 
contacts between electric power supply and aerial teleprone lines 

is an irrportant hazard requiring protection rreasures. The rrost cormon 
causes of these accidental contacts are: lack of adequate care·installing 
teleph::me facilities in joint use lines, falling tree limbs, i:rrproper · 
conductor sag, damage to power and/or teleprone plant by the public, 
structural failures, poor rraintenance, sleet and wind storms, and conductor 
failure due to lightning burns. These contacts may occur at crossings, 
underbuilds, in joint construction, and where power supply and teleprone 
lines are paralleled with inadequate separation. The National Electrical 
Safety Code (ANSI C2) provides infonnation on rrd.nimal separation · and 
construction, and should be consulted when joint use, close parallels with 
power lines, or crossings are being installed. Due to the decrease in 
aerial teleprone plant construction, which is rrost vulnerable to this type 
of problem, damage due to direct power contacts is decreasing. 

3.2.2.1 An area of increasing concern is the joint turial of power and 
telecamrunications cables in a cormon trench. In this situation, 

should a dig..:.in occur, (for exarrple, an excavation corrpany' s trenching 
machine digs through and severs the power and teleprone cables) trere is 
a likelihood that the telephone facilities may becane energized. As a 
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result, care must be taken to assure fusing coordination of telephone 
plant in joint burial situations. 1 

3.2.2.2 Two steps should be taken to avoid poller contact or follow 
arc hazards. The.first is to design, construct, operate, 

and rraintain the p::,wer and telepmne lines in such a mann~r that adequate 
separations and rrechanical strengths are achieved where possible. The 
second step is to coordinate the protective equipnent of the tw::> systems 
to insure proopt deenergization of the power line in the event of a 
contact. 

3.2.2.3 When a line fault to ground occurs in wye-grounded power 
system (unigrounded or multigrounded) thousands of arr[)eres rray 

flow. If the fault conductor makes a direct contact with aerial telephone 
plant the magnitude of i.rrpressed voltage and current on tpe aerial plant 
and the duration of the fault will depend on row well the telephone system 
is grounded. This is due to the current flowing tack to the substation 
transfonrer through the ground path. The objective is to provide a low 
resistance path to ground to insure the prarpt and positive de-energization 
of tre power system through the operation of its overload protection equip­
ment. In addition, it is desirable to reduce the potential on the tele­
phone cable shield below the shield-to-core dielectric level to minimize 
danage in the telepmne system from power system faults. In the case of 
a cornron multi grounded neutral · (M3N) type power sytem Y prorrpt and 
!X)Sitive ae-energization of a power circuit can usually be assured in the 
event of contact with aerial telepmne plant by grounding to the M3N. 

3.2.2.4 With a non-grounded (delta) systems, the current through a single 
contact with teleprone plant is substantially the charging 

current of the rretallically-connected power network through a single­
phase fault to ground. This current is proportional to the nornal power 
voltage to ground and to the total line mileage (three-phase basis) of 
the rretallically-connected power network. Involverrent of REA-financed 
telepmne plant with delta systems is rrostly with the lower voltage system 
(4.2 kv or below) which because of the low voltage are of relatively short 
lengths. Hence, in these ca~es, the current in the telepmne plant will 
l::e small and of no significance fran an outside plant hazard standpoint. 
The maxirrum voltage from the teleprone plant to ground at the point of 
contact, -- significant as regards hazards to linemen -- is prop'.)rtional 
to this current and to the i~ance of the telepmne·plant to ground as 
seen from the point of contact. Again, voltages of 4. 2 kv or lower, are 
hardly high enough to constitute a ha.zard. However, occasional cases may 

•!/ A cormon multigrounded neutral (I'm) electric power supply system is 
a "Wye" connected system which has solidly interconnected prirrary and 
secondary neutrals, and at least four grounds per mile (2.5 grounds/ 
Km) of line in every mile (kilaneter) of line, exclusive of grounds 
at custorrer's pranises. 
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occur in some parts of the country where contacts are possible with delta 
systems at higher voltages and of greater mileage. such cases rray require 
special attention fran the standpoint of telephone plant voltage to ground 
fran a sirigle contact, especially where the teleph:me plant irrpedance to 
ground is high (as with high protector ground resistance) . But even here 
the currents in the telepmneplant are so small that hazards to plant or 
other property -- as distinguished from possible hazards to persons -- are 
negligible. Power system protective devices such as pole-top reclosers, 
fuses, etc., would, of course, not l::e operated. Even where no rraterial 
razard is created by the single contact, noisy conditions in the telephone 
system will ordinarily call attention to its existence al though the power 
system will not l::e rrade inoperative and paver operating personnel rray be 
unaware of the condition, at least for sorre ti.Ire after it occurs. 

3.2.2.5 When a double fault to grotmd occurs on a delta system with 
one of the two faults to teleprone plant, practically the .full 

phase to phase voltage rray be irrpressed on the telepmne plant but the 
ability to deenergize the power system will l::e limited by the resistances 
of the two ground connections. Protection against single faults to 
ground (involving contact .with telepmne plant) on unigrounded wye systems 
with ground relaying, and on delta systems equipped with wye-cannected 
grounding l:anks and grotmd relaying, can be achieved in sorre instances 
by equipping open wire tel~phone line with power contact protectors con­
nected to ground rods. Aerial cable plant can usually l::e protected in 
similar circurrstances by connecting the support strand to driven ground 
rods at frequent intervals. The chances, however, of achieving satisfactory 
coordinaticn are still rruch poorer than in the case of :t-rn systems. For 
the above reasons, coordinated protection at crossings and in joint use 
with other than M3N systems is difficult to achieve arid safety is largely 
dependent on rrechanical strength. In view of these considerations, joint 
use with other than rJGN rower systems should be avoided wherever practicable. 

3.2.2.6 Buried, ratrer than aerial, plant should be considered when 
joint use construction with non-rnultigrounded neutral types of 

power systems is necessary. If aerial plant must be used under these 
oondi tions, · a stua.y of local grounding condi ticns and the power system 
characteristics should be made by the borrower's engineer to determine if 
there are any practical rreans of obtaining coordinated protecticn. RFA 
should be oontacted for advic-e. 

3.2.3 When telephone circuits are in close proximity to alternating 
current power lines, a voltage (which is saretirres called an 

electrostatic voltage)Y appears on the telephone wires as a result of 
the electric field surrounding the power oonductors7 this field is 

2,/ Tlx,ugh the relations depend upcn electrostatic principles, the tenn 
"electrostatic" is not appropriate for this situation due to the 
continuously varying field which is involved. 
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due, in turn, to electric charges on the power wires. Refer to TE&CM 
Section 451 for a discussion of electric induction. Under no:rnal 
conditions, the electrically induced voltage on teleprone cable conductors 
is limited to a very low value by drainage provided by cable shielding 
and the CEI1tral office line tenninaticm. cable capacitance and central 
office line tenninations are also effective in hoiding electrically 
induced voltage to a reasonable level an open wire conductors which 
are extended from a cable. However, if open wire circuits are disconnected 
from the cable or central office for any reascm, and also where the open 
wire lines are long, the induced voltage on these open wire circuits rray 
be hazardous and therefore, require reduction. In sorre instances its 
open circuit value may be in excess.of 800 volts to ground. The possi­
bility of injury to persons -- linerren in particular -- in contact with 
a wire subject to this induced voltage does not depend upon the open 
circuit voltage but upon the current drawn through the circuit. This 
current is so small (due prirrarily to the poor regulation characteristics 
of the capacitive coupling between the power and teleprone wires) that no 
serious hazard fran electric shock as such is to be expected. Nevertheless, 
the shock, trough it be mild in intensity, rray have a surprise effect 
causing hazard to a man working on a pole. That is, the worker may be 
startled, release his hold on a tool or the pole as a reflex action, and 
either drop sarething on personnel below or fall from the pole. While 
the shock hazard is of primary concern, the induced voltage rray also cause 
equiprrent damage or pheno:rrena such as bell tapping or noise which are 
bothersorre to subscribers, thus leading to trouble reports. 

3.2.3.l The proper rrethods of rectifying this problem are discussed in 
detail in TE&CM: 820. 

3. 2. 4 When an energized phase conductor of a grounded neutral power 
system is grounded, current flows between! the substation pc:Mer 

source and the point where the ground fault occurs. This is similar to 
the condition.that would exist if the majority of a three-phase power 
system load was connected to a single phase. See REA TE&CM: Section 451, 
for a discussion of rragnetic induction. · A similar si tuatian occurs when 
two phase conductors of a delta or an isolated neutral system becane 
grounded. In this case the fault current will flow between the two fault 
points rather than back to the substation. This earth return fault current, 
in either case, results in an increased rragnetic field intensity surrounding 
the po~r line involved. The increased rragnetic field intensity in turn 
will induce higher voltages in parallel teleph:,ne circuits~ The rragni tu.de 
of the induced voltage is proportional to the rragnitude of the fault current 
and the degree of coupling involved. 

3.2.4.1 Following the operation of power system overload protection 
equipnent due to a phase conductor ground fault the power system 

will be operating in an unbalanced state. The phase on which the ground 
fault occur will re de-energized resulting in an operating unbalanced 
two phase system~ This results in an increased rragnetic field intensity 
with an associated higher induced voltage in parallel telephone circuits. 
While the rragnetic field intensity will re less than that found during the 
fault it will be rruch higher than that found during nonral three phase 
operation. This unbalanced operation will extend over a much longer period 
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of tirre than that of the original ground fault. Depending on -the separation 
and too length of exposure the induced voltage-magnitude-could be high enough 
to be a personnel hazard and result in plant darrage. 

3.2.4.2 A pa.ver follow arc which occurs between two pow-er system con-
~uctors or a conductor and ground will also produce a high 

power system unbalance of short duration. As with ground faults the magneti,: 
field intensity surrounding too power lines is a function of the earth return 
current flow. The magnd.tilde of voltage induced in the teleplx>ne system 
depends on the earth return current-magnitude and too degree of coupling. 

3.2.4.3 Where_toore are parallel power and teleplx>ne lines at close 
separation the coupling between them is fairly high. The earth 

resistivity in the area. has a bearing on the coupling between the pa.ver 
and teleplx>ne system. This is discussed in detail in TE&CM Section 452 
under too subject of mutual irrpedance. If there is also a high unbalanced 
earth return current too induced voltage may be of sufficient magnitude 
to be dangerous to personnel working on the telepmne system. The high 
current nay be due to power system load unbalance or a fault condition. 
The induced voltage may result in hazards to the public, acoustic shock, 
and damage to telephone plant. If the induced voltage exceeds the breakdown 
of station protectors, it is prol::Eble that many station protectors nay 
becane pe:manently grounded. · · 

3.2.4.4 High voltage transmission lines used to transfer bulk electric 
pc:,.ver from one location to another are usually delta or uni­

grounded wye connected. They also nonrally have a good load 1::Elance 
between the three phases. As a result the magnetic field intensity is 
not as high as that associated with power distribution systems. The 
hanronic content of a high voltage transmission lin~ is usually quite lc:,.v 
so they are not a source of noise in a teleplx>ne system. There is a 
possibility of a high induced 60 Hertz voltage on teleplx>ne circuits where 
a long parallel exists. With unigrounded wye systems the potential for 
extrerrely high earth ret:urri fault currents with high associated power 
system unbalance will produce an excessive magnetic field intensity. This 
also will induce damaging voltage in parallel teleplx>rie system:;. Because 
of these possibilities, long parallel exposures to high voltage transmission 
lines should be avoided. Where unavoidable, special protective rreasures 
as descrired in TE&CM Section 825 are available and slx>uld be errployed. 

3.2.5 In sorre areas open wire lines are subject to excessive static 
potentials through wind blown sand and snow. - Such potentials are_ 

low in energy, which is proportional to the capacitance between line and 
earth and therefore, proporticnal to the length of the lines involved. 
The resulting interference effects are entirely in the category of circuit 
noise, mainly due to intermittent breakdown of protective devices. Rerredial 
rreasures for open wire lines are discussed-in TE&CM Section 820. 
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3.2.6 'Ieleph:::>ne equiprent interfacing with electric p::wer is exposed 
to overvoltage transients. Some transients are related to the 

nonna.l switching operation of the pc:Mer system. These are nonrally at 
a relatively low rragn.itude which may not be darraging but can result in 
electronic equiprent operational problems. Transients of higher rragn.i tude 
rray be produced by lightning surges. Darrage to teleph:::>ne plant apparatus 
associated with low voltage ac pc:Mered circuits is a problem of increasing 
concern to the telecorrmunications industry. This is due to the trends 
toward miniaturization and the greater use of semiconductor carponents. 
Fquiprent using silicone controlled rectifiers (SCR) and semiconductor 
diodes such as in tattery chargers and power supplies can be particularly 
vulnerable to power line overvoltages. ·The occurrence and magnitude of 
-t:b=se potentially damaging voltages range from minim.un in highly urtan 
areas to rna.xim:nn in rarote rural locations. They may arise from: 

a. Surges on prim3.ry distribution circuits due to lightning 
and switching operations, 

b. Surges originating in secondary circuits from such sources 
as lightning strokes coupling with grounding electrcrles, 

c. Transients generated within load circuits. such transients 
may also be electrically adjacent loads. 

3.3 Electrorragn.etic Pulse (EMP) Phenorrena 

3.3.1 Hardening of telecarmunications plant is usual:J..y understood to 
refer to a modificaticn of its structural design to resist the 

blast and shock effects of a nuclear type explosion. It has becorre evi­
dent, h:::>wever, that trese effects are not the cnly conponents of concern. 
TI-ie effects of radiation rave been recognized for sare time. The effect 
of the electramgn.etic pulse· (EMP) is of increasing concern to those 
engineers who must ensure tha:t an electronic system will function during 
and after a nearby nuclear explosion. This is prirrarily due to the 
increasing use of semiconductor equiprent and magnetic rrerrory devices 
which are especially sensitive to EMP. 

3.3.2 A nuclear explosion at or near -t:h= earth's surface prcrluces two 
transient effects which rray damage aerial, buried, or underground 

plant, and electronic equiprent. First, there is a pulse of current in 
tre ground which flows radially from the i;:x::>int of explosion. Second, 
there is a pulsed electrorragn.etic field that propagates away from the 
point of explosion as from a vertical dii;:x::>le. The damage to the plant 
fran these corrponents of the EMP phenarena rray be.canpared in a very 
general way to that of the currents and fields associated with a lightning 
stroke. High altitude hrrsts generate electraragn.etic fields of large 
rragnitude but relatively small earth currents. 



( 

RFA TE&CM 801 
Page 23 

3.3.3 At the present tine there are no plans for hardening rrost tele­
camrunications plant. Such action is limi tea to plant carcying 

essential defense cormnmications. 

4. EFFECTS OF LIGH'INING SURGES IN TELECDMMUNICATIONS SYSI'EMS 

4.1 Lightning surges can appear in various parts of a cormnmications 
system. They may produce explosive effects from arcing, dielectric 

failures, and fusing of ccnductors. Discussion of the effects in various 
types of plant follow: 

4.2 Aerial Facilities 

4. 2 .1 Sup:i;x:>rting rretallic structures are generally relatively irmnme to 
significant lightning darrage. Concrete footings and guy anchors, 

associated with such structures, must be protected fran the explosive 
effects of lightnin;J related to arcing when surging through concrete. 
This protection is provided by bypassing the footings or anchors from the 
rretallic tower legs or guy wires to ground via heavy gauge ground wire. 
'Ille wire connects the leg or guy wire to burie:i ground electrodes. 

WOod poles are frequently splintered and sorretirres shattered by a direct 
stroke. 'Ihe shattering is produced by sudden vaporization of moisture 
present in the pole. Sustained canbustion of a wood pole due to lightning 
is improbable. Major darrage usually oocurs in the pole top as the stroke -
current ultimately arcs to the line facilities. 

The stroke current :may fuse open wire plant and in cable may fuse through 
the sheath to the core conductors. Once a surge has contacted the line 
facilities, it will seek paths to ground, and the extent of plant darra.ge 
will depend u:i;x:>n h:Jw rapidly and in what rranner the surge reaches effective 
ground. Surges on open wire or other well insulated wire propagate for 
considerable distances. They finally reach electronic equiprrent or lower 
dielectric plant where frequently darrage occurs unless adequate protection 
is present to limit potential rise and provide effective paths to ground. 

4.2.2 With rretallic shield cable, stroke currents of low :magnitude may 
not seriously darrage the shield through arcing or produce core 

conductor problems. 'As surge current prqpagates along the shield, it 
produces a potential between the core conductors and the shield (core­
shield voltage). The shield potential with respect to ground is a function 
of the irrpedance drop along the shield while the core-shield voltage is 
a function of the resistive carponent only. This is a result of practically 
all the rnagnetic flux established by the shield current cutting the core 
conductors and thus canceling out the reactive c::arponent. The core-shield 
voltage, therefore, is essentially equal to the product of surge current 
and the shield resistance. For illustration, consider a section of cable 
that is corrpletely insulated from ground except for a single good ground 
connecti~ at one end. A surge current · entering the shield at the ungrounded 



REA TE&CM 801 
Page 24 

end flows through the entire length. The crest rragni tude of the core­
shield voltage is·the product of the surge current and the shield 
resistance of the cable section. (This is essentially true because the 
srrall capacitive current rray be neglected.) In actual cable plant, the 
problem is corrplicated through ground paths established by arc-over to 
grounded hardware and by randomly distributed grounds such as guys connected 
to the supporting strand. Because of such complexities, solutions involving 
actual plant are usually only approxirrations. Since the surge currents 
will not have a constant value except in short sections of shield, it is 
necessary to add the increrrental IR drops along the shield. 

4.2.3 The core-shield voltage will nornally be rraxirm.m at the point a 
surge current enters .the shield. When a breakdo.m occurs at or 

near the stroke point, or if a protector operation occurs at or near the 
point, the facility voltage to ground drops to essentially zero and 
increases gradually with increasing distances from the stroke point. The 
voltage is a function of the facility IR drop CCIT\Pared to ground. The 
core-shield voltage builds up again, but to a substantially lower value. 
than at the stroke point prior to the initial breakdown. If the original 
core-shield voltage at the stroke point is quite high, it is probable that 
several punctures will occur along the cable. 

4.2.4 Lightning problems are principally of the core-shield type in 
trunk cables where all pairs proceed fran one tenninal point to 

another with a minimum of side taps. Conductor to conductor faults are 
rrore COTIITOn in distribution plant where there are frequent connections to 
individual stations. In this latter type plant, the possible combinations 
of grounds, which not only act as sinks for lightning surges but on rare 
occasions as sources, are so much greater than trunk plant that theoretical 
analysis is impractical. 

4.3 Buried Cable Plant 

4.3.1 Lightning surge currents along the shield of a 1:::uried cable 
produce core-shield voltages in the sarre rranner as in the aerial 

plant previously discussed. Those lightning effects described for trunk 
versus distribution cable also apply to the buried foTIT\S of these cables. 
The rranner in which surge currents flow into the ground from a buried. 
cable is rrore predictable than for an aerial cable. This is especially 
true when fairly accurate data is available on soil resistivities. 

4.3.2 Since the core-shield voltage is, for practical purposes, equal 
to the product of the surge current in the shield and the de 

shd:eld resistance, detennination of the core.shield voltage for any given 
set of conditions is basically a rratter of adding the increrental IR drops · 
along the shield. 

4.3.3 The resistivity of the soil in which a cable is buried has a 
significant effect upon its lightning performance with regard to 

direct qtrokes, earth potential gradients, and the rate at·which current 
leaves the shield. In areas of high earth resistivity, lightning strokes 
will arc through greater distances to a cable than in areas of low earth 
resistivity. The higher the soil resistivity the rrore susceptible the 
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cable is to darrage fran strokes that produce extrerrely high voltage gradients 
in the soil near or across the cable path but do not necessarily arc to 
the cable. 

4.3.4 Soil resistivity will vary even along relatively short sections of 
a cable route. The usual practice fran a practical standpoint, 

is to use a value of soil resistivity which is assumed to re representative 
of a reasonably large area. This representative va.lue may re determined 
by averaging the recorded soil resistivity values from several rreasure­
rrents along the route (REA TE&CM Section 817) . As a sirnplification, it is 
frequently assumed that the soil resistivity is unifonn and the current 
leaves the shield at an exponential rate. 

4.3.5 When a rrore rigorous consideration of core-shield voltages is 
desired in a buried cable, it is necessary to consider the condition 

of a two-layer earth structure which provides a closer approximation of 
actual field conditions. The average resistivity of the surface layer 
of earth in which the cable is buried will usually re significantly 
different from that at greater depth. The effects of lightning voltages 
in two-layer earth will re entirely different from those in uniformly 
conducting soil. For exa.rrple, where the resistivity of the soil relow 
the surface layer is low, strokes that do not arc directly to the cable 
will not usually cause trouble, even though the surface layer in which 
the cable is buried has a high resistivity. Such strokes will channel 
through the surface layer to the more conductive layer relow and the 
resulting earth potential will re lower than in a unifonn soil of even 
a noderately high resistivity. This condition can be assumed to occur 
where the low resistivity layer is at a depth of about 10 rreters (30.5 
feet) or less. Conversely, when the lower layer has high earth resis­
tivity, cable faults may be experienced from strokes contacting earth at 
a considerable distance from the cable. This can occur even though the 
surface resistivity is only moderately high. 

4.3.6 The canputation of core-shield voltage is a tedious, tirre consuming 
operation. The rrany factors and considerations involved have been 

incorporated in a series of empirical formulas, graphs, and tables of 
cable electrical specifications which can be used to determine core-shield 
or ctmductor..;.to-Conductor voltage for a given situation. Combining 
these with environmental factors such as earth resistivity it is possible 
to estimate whether a cable provides the necessary safety margin between 
dielectric breakdc,,.m voltage and expected lightning induced voltages. 
Discussion of the computation techniques is beyond the scope of this 
practice. 

4. 3. 7 · Insulated jackets are corrm:mly used over the shields of buried 
cable and wire for rrechani cal and corrosion protection. Even 

though these jackets may have substantial dielectric strengt..11 they do not 
provide effective protection against direct lightning .strokes. The 
voltages associated with direct strokes will in rrost cases exceed jacket 
dielectric strength. After the initial puncturing of the jacket, which 
occurs at or near the stroke point, subsequent puncturing is highly 
probable. Higher stroke currents with buried cable will produce punc-
. tures to the extent that,. from,a surge standpoint and along the punctured 
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length, it rray be considered essentially the same as a shield in direct 
contact with the soil. 

4. 4 Station and Otrer System Fquiprent 

4.4.1 Any equiprrent connected to outside plant will be exposed to 
lightning surges to sorre degree. Cable in urban areas will have 

the lowest exposure while that located in sparsely settled rural areas 
will have the highest. A cable in an urtan area which extends into a 
rural area will have a higher exposure to lightning surges than one 
entirely located in an urtan area. 

4.4.2 Fquiprrent installed along a line, such as voice frequency or 
carrier re:peaters, will be exposed to higher surge rx>tentials 

than terminal equiprent. This is due to the equipnent teing located 
closer to the rrajor sources of lightning. 

4. 4. 3 Lightning prirrarily produces longitudinal surges on a cable pair 
which subject equiprrent connected to the pair to high potentials 

betv.een the cable condu::::tors and ground. Due to cable circuit ml:alances 
and asyrrmetrical operation of protection devices, metallic surge poten­
tials rray occur. When determining appropriate protection requirerrents 
both types of extraneous potentials must be considered. For cc:npanents 
that are connected in series with the line, such as loading coils, the 
ability of the carponents to carry surge current must be considered. 

5. FUNDAMENI'AL PROIECTION MEASURES 

5.1 It is not econanically feasible to provide total protection for' 
all situations through basic insulation and conductivity incorpor-'­

ated in the design of equiprent, rraterial and plant. Sane additional 
protection rreasures are usually required in situations involving rela­
tively high lightning or power contact exposure. These supplerrentary 
measures are the following basic principles of protection: 

a. Shielding: By di version of lightning surges before contact 
with telecomnunications plant. 

b. Parallel Conductivity: By providing parallel conducting 
paths to reduce the surge current that would otherwise 
flow through the telecamrunications plant. 

c. Grounding: By diverting surge or fault current from the 
teleconmmications plant to ground as close to the point 
of contact as practical. Th:j_s can be accarplished by direct 
connections or through insulating discharge gaps. 

d. Voltage Limitation and Equalization: By means of bonding 
and use of discharge gaps, semiconductor diodes, and n~:m­
linear resistances. 

e. CUrrent Interruption: By use of fuses, fuse links and circuit 
breakers. 
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g. Acoustical Click Limitation: By use of semiconductor click 
suppressors (varistors). 

h. Construction and Spacing: By provision of sturdy construction 
and adequate spacing between power and corrmunications facilities. 

5.2 Shielding: 

5. 2 .1 Shielding is provided by placing a grounded conductor or conductors 
so that they will intercept lightning strokes that might otherwise 

arc directly to telecarmunication plant. To shield aerial plant a conductor 
rray be placed alx>ve it with sufficient separation to reduce the possibility 
of arcing between the shield wire and the telecarrnunications plant but close 
enough to create a shielding zone. Existing plant on a J_X)le line will pro­
vide sufficient shielding for facilities installed below it to eliminate the 
need for placing a shield wire. In joint construction with a power system 
there is adequate shielding provided for the telecornnunications plant located 
l::eneath the power wires. High induction into the corrmunications system may 
occur should a lightning stroke produce a power follow arc. 

5. 2. 2 Telecarmmication cable buried in the earth rray be darraged by 
lightning strokes that arc to it through the earth. Those having 

heavy metallic coverings of such rraterials as vrire and tape anror are less 
susceptible to darrage from heat developing at the arc contact point. A 
core-to-shield insulation failure rray still occur as a result of surge 
current flowing in the shield. Where there is a record of such trouble, 
buried shield wires rray be installed along the cable. The shield wires 
distribute sufficient current to earth so that the remnant current reaching 
the cable will not be great enough to cause a cable fau_l t. 

5.3 Parallel Conductivity: 

5.3.1 A lightning current flowing in the shield of a cable develops a 
voltage between the core conductors and the shield. This core­

shield voltage is a function of the surge current and the resistance of 
the shield. Shield resistance is therefore a critical factor in cable 
protection problerrs. It is also essential that good longitudinal shield 
continuity is maintained for the total cable length. 

5. 3. 2 In the rranufacture of lead shield cables, the shield for any given 
core diarreter was made only as thick as necessary for rrechanical 

reasons. The thickness of a lead shield varies with the core diameter. 
In rrost cases, the lead shield thicknesses provided to meet mechanical 
requirements was adequate the meet electrical conductivity requirerents. 
The thickness of an aluminum shield has been selected to have approximately 
the same conductivity as the shield of equivalent size lead sheath cables 
up to aoout 25rnn (1-inch) in diameter. Satisfactory mechanical properties 
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are obtained, in aluminum shield cables rranufactured today, even in larger 
sizes witrout increasing the thickness of the shield material alx>ve that 
used on 25mn (1-inch) diarreter cables. The lower conductivity, of an 
aluminum shield versus lead in the large size cables, is not of practical 
significance since it is adequate for rrost applications. 

5.3.3 It may be necessary to consider alternative measures in areas of 
high lightning exposure where the resistance of the cable shield 

is such that there is a probability of excessive core-shield potentials. 
Alternative measures include the use of cable with a double jacket to 
increase the core shield dielectric strength, installation of cable with a 
0.25rrm (10 mil) copper shield to increase the shield conductivity, or 
provision of shield wires to reduce the rragnitude of lightning current reaching 
the cable. In some severe situations it rray be necessary to use a combination 
of alternatives to effectively protect the cable. 

5.4 Grounding: 

5.4.1 Grounding is the first line of defense against excessive lightning 
damage in telecorrrm.mications plant and equiprent. When lightning 

current has entered telecarrnunication plant, tte extent of possible darrage 
rray be reduced if sane means are available for its rapid rerroval. C. F. 
Boyce of the South Africa Post Office wrote Y that a cable with the shield 
in continuous contact with the earth is less likely to be darraged by a 
nearby lightning stroke than one with a plastic sheath.· 

5.4.1.1 It is irrpractical, due to corrosion problems, to bury corrmonly 
used shield rraterials in direct contact with earth. While 

research has been in progress to develop semi-conductive plastic sheaths 
which would approxirrate the protective characteristic of a shield in direct 
contact with earth, it is at the present tirre not corrpleted. Reported 
results fran this research effort are pranising since significant reductions 
in the nagnitude of measured lightning surges on the cable pairs have been 
achieved, when corrpared to those recorded on pairs in a standard plastic 
sheath cable. This technique provides no solution for draining surge 
currents from aerial cable plant. 

5.4.1.2 The rrethod available to provide paths to earth for surge currents 
to leave the cable is the provision of frequent grounding con­

nections along the route. Multi grounded paver neutrals that have frequent 
connections to grolll1d generally provide a convenient means of grounding 
telecarmunications plant. Underground metallic pipe systems and other 
extensive buried structures provide very effective grounding mediums.. Ground 
connections must be constructed at locations where the previously mentioned 
means of grolll1ding are not available. Effective grounding is discussed in 
TE&CM Section 817. 

l/ Lightning, Volurre 2, "Lightning Protection", Chapter 25, "Protection 
. of Teleccrnmunications Systems", edited by R. H. Golde, 1977. 
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5.4.1.3 Gromi.din:J is also an effective rreans for controlling noise in 
telecarmunications cables. When designing a grounding system 

specific connections should be.included that are proven to be effective 
in noise reduction. These connections are discussed in TE&CM Section 451. 7. 

5.4.2 Even under an ideal gromi.ding condition, such as an extensive metallic 
water pipe system where the contact resistance to earth is vecy 

low, the earth itself introduces additional resistance. It is, therefore, 
practically irrpossible to secure a resistance-free path to rerrote earth. 
A grounding connection rray have a significant reactive corrponent when 
conducting steep wavefront Sl,lrge currents. As a consequence, trere will 
always be differences of potential between grounaed plant and :rerrote earth. 
The plant is considered to be adequately grounded where such potentials ao 
not present a shock hazard or exceed tre dielectric strength of the plant 
involved. 

5. 4. 3 Direct grounding is preferable and rray be used for those parts of 
a telecarmunications system such as cable or guy wires that do 

not carcy intelligence. Wbrking conductors are usually grounded through 
discharge gaps which effectively isolate the conductors for all norrral 
working voltages. The introduction of a discharge gap provides a path to 
gromi.d which will clanp working circuits during breakaown discharge periods. 

5.4.4 Grounding is also used to reduce the possibility of electric shock. 
The use of grounding alone rray not assure protection unless supple­

rrented by reliable solid tending connections between conducting objects 
\which personnel rray contact ei trer accidentally or in the no:rnal perforrrance 
of their duties. Arrong tre rrore obvious applications of bonding are the 
interconnection of power and teleccmm.mications system grounds, equipment 
cases, and otrer rretallic carponents of an installation, such as cable 
shields at a pedestal. A less obvious situation is the case of personnel 
standing on the ground while operating, rraintaining or :repairing equiprent. 
A conductive grid under the areas where personnel stand that is tended to the 
equiprrent will reduce the voltage difference between the person and ground. 

5.4.5 The grounding and bonding at a central office installation is 
corrplex. Special designs are essential with digital switching 

rrachines. It is suggested that 'IE&CM Section 810 be consulted for a discussion 
of this subject. 

5.5 Voltage Limitation and Equalization 

5.5.1 Voltage equalization is the prevention of hazardous voltage 
differences developing between various plant ccrqponents. Direct 

J:::onding by solid mechanical, soldered, or welded connecticns is the rrost 
effective way to equalize potentials. The technique of direct bonding 
cannot be used en lines and equip.rent during nornal operation. The rrbst 
comron rrethod of limiting and equalizing voltages in working lines and 
equipment is by means of discharge gaps called protectors. These discharge 
devices are connected from line to line and/or between line and ground to 
limit longitudinal voltages. 
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5.5.2 Grounding provides limitation of voltages with respect to local 
ground. Calculations to aetennine the effectiveness of a 

grounding system in limiting voltages to earth and providing good voltage 
equalization are canplex. Such calculations are seldom made since exper­
ience has shown that the provision of frequent grounds along a cable 
route to provide a low effective resistance to ground will provide the 
desired voltage equalization. 

5. 5. 3 Teleprone lines should be brought into a building as near as 
possible to the power service entrance (REA TE&G1 Section 805). 

This .reduces the possible hazard of high potential differences and danger 
of side flashing by establishing short, low irrpedance connections to a 
common ground. 

5.6 Metallic Voltages 

5.6.1 Metallic voltages are produced frcrn longitudinal surge voltages 
in two ways. The first is due to unbalances in th:? plant and 

occurs in the sarre rranner as circuit noise from induced power influence. 
This conversion is discussed in detail in 'IE&CM Section 451. Metallic 
voltage levels produced from plant unbalances should not be high enough 
to dama.ge properly designed equip.rent. For exanple, a 2000 volt longi­
tudinal surge when the plant has 60dB balance will produce a rretallic 
voltage of only 2 volts. The second and rrore darraging way is due to non­
uniformity in protector block operation. ~tallic surge voltages, under 
sone conditions, can be as high as 700 to 800 volts peak. To illustrate, 
such voltages may occur when the protector gap connected to the tip 
conductor has a 450 voltage peak breakdown a."ld t._1-e gap connected to the 
ring conductor has a 800 voltage peak operating value. A longitudinal 
surge up to 800 volts peak on the ring conductor could then cause current 
to flow through the connected equiprrent to ground via the lower 
voltage gap connected to the tip and side. 

5.6.2 Where trere is sufficient rragnitude of longitudinal surge potentials 
to operate 1:oth protectors, the rretallic surge potential will be 

much lower after both protectors have operated. There rnay still ce residual 
peaks that might darrage sorre types of miniaturized equiprent. The presence 
of rretallic transients is well known and of concern with circuits such as 
pilot wire and audio tone relaying ci1rcui ts. The problem Jin such cases 
is not one of insulation damage but rather that of false signaling which has 
been minimized through the use of protector drainage. 

5. 7 Open Wire Plant 

5.7.1 Lightning surges entering open wire plant conductfvely may 
occasionally exceed 5000 crest amperes. The protector is the 

first line of protection against darmge in such cases. Rerrote lightning 
discharges produce a relatively large amount of lower voltage induced 
static in addition to the higher rragnitude surges, which cause operation 
of the protectors. This voltage induced static is capable of damaging 
sare types of solid state equiprrent. r' 



REA TE&CM · 801 
Page 31 

5. 7.,2 Static discharges, iri open wire pairs., produce line transients in 
the fonn of darrped oscillations having a relatively low fundamental 

frequency with superirrposed higher frequency carpanents. The arrplitude .of 
each half cycle drops off rapidly so that subsequent peaks are only about 
50 to 60 percent of the arrplitude of the preceding one. While the entire 
transient has a total duration in the order of 2000 microseconds, only 'the 
first 400 to 600 microseconds are of concern from the standpoint of 
dielectric breakdown and life of protection devices. 

5.8 Aerial, Buried, and Underground Cable 

5.8.1 Studies of lightning surge effects on aerial and buried cable 
show that during a single thunderstorm day it is likely there will 

be at least one surge of 1000 to 1300- volts peak induced an the cable 
pairs as observed at the station end of the loop. These cable pairs were 
all equipped with 6-rnil carl::on blocks during the studies. Protectors 
nonnally used at the station end of the loop provides dependable surge 
voltage limitation of about 600 volts peak. 

5.8.2 Field tests indicate that, in underground cable pairs located in 
rretropolitan areas, electrical surges do not exceed 90 volts peak. 

When connected apparatus used exclusively in this environrrent is capable 
of withstanding such surge rragnitude, no further protection is needed. 

5. 9 Solid State Electronic Equiprrent: The trend to integrated 
circuits and large scale integration has presented a problem, i.e. 

developing rretmds of limiting apnorrral voltages in sorre cases to only a 
few vol ts. In such cases, low voltage protection such as semiconductor 
diode circuits 1are used as a second stage of protection behind the norrral 
protectors. This type protection is provided by the manufacturing during 
the rranufacturing process. 

· 5.10 Current Interruption: 

5.10.J Under steady state conditions, the current in a circuit can be 
intenupta:1 by use of a fuse or circuit breaker. When the 

current through a fuse reaches a magnitude greater than sorre value above 
its naninal rating the fuse will open and interrupt the current. The 
excess current value dete.rmines the tine lapse before interruption occurs. 
If current is just above trie naninal value it rray take several minutes 
to interrupt. With much larger currents the fuse will operate in a very 
short tine. A fuse is considered effective: 

a. When its tirre current operating characteristic is lower 
than that of the circuit it is intended to protect. 

b. When the voltage holdover and short circuit current rating 
characteristic is properly coordinated with the circuit 
being protected. 
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5.10.2 Fuses are not satisfactory for interrupting lightning surge 
currents because of inherent tirre delay. The prirrary use of 

fuses is for interruption of power fault current before wiring and 
conponents can be darraged by overheating. · 

5.10.3 Since fuses are not effective for limiting short duration 
surges, it is saretirres desirable to provide sane rreans of 

diverting surge currents through other paths having adequate current 
carrying capacity. One way to achieve this is by providing an alternate 
path of lower irrq;:iedance a:romd the vulnerable corrponents (See RF'...A TF.,&CM 
822). 

5.11 Acoustical Click Lirrd.tation: 

5.11.1. Acoustical click is a short duration abnornal sound level output 
f ran a telephJne receiver. Abnorrrelly high receiver currents 

nay be caused by system switching transients, however, the principal 
source is usually rretallic surges initiated by foreign potentials such as 
lightning. These rretallic surges are sanetirres aggravated by such things 
as circuit mJ:alance, sparkover, and protector operation. 

5.11.2 The intensity of these clicks is effectively reduced by non­
linear click suppression devices (usually a varistor) connected 

in parallel with the receiver in the receiver cavity'. 'lhey consist of a 
sma.11 pile of copper oxide discs or a silicon diode send.conductor. 

5 .12 Construction and Spacing 

5.12.1 The first line of defense against power contacts and induction 
is good construction which assures adequate rrechanical -strength 

and proper spacing between pc:1Ner and corrmunications facilities. A second 
defense rreasure is provided by establishing paths to ground along the 
camrunicaticns facilities sufficient to prevent excessive voltage rise in 
thJse facilities. These ground paths will pass enm:gh pcM"er line fault 
current to provide either rapid operation of deenergizing devices (fuses, 
breakers, etc.) on the faulted· pc:Mer line or to cause line conductors to 
"fuse" open at the fault point. The joint cooperative effort of tele­
oorrmunication and power corrpany personnel is essential to achieve coordi:.nated 
protection. 

5.12.2 The insulation on telea::mm.mications conductors rray often be 
adequate to .withstand power voltages, but reliance upon insula­

·-tion alone introduces consiaerable hazard. The insulation of rrany iterrs 
in tlE outside plant is not sufficient to prevent energizing the plant as 
a result of paver contacts. 

5.12°'3 Cooperative effort should be sought where there is a high prob-
ability of a power contact requiring protective rreasures. For 

exarrple, telecdnmunica.tions lines in joint construction with power lines 
should be equipped with protectors capable of discharging suf~icient 
current to insure pranpt deenergization of the faulted pcM"er circuit. 
Protector grounds should be connected to the pa,1er system mul tigrounded 
neutral. In sane cases, eJ<P05ed circuits rray be equipped with fusible 
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links. These circuits should be adequately grounded to prevent excessive 
rise in i;:otential at the equiprent locations. 

5.12.4 Line conductors, cable and cable strand in the vicinity of power 
circuits should be adequately 1::onded and grounded as a safety • rreasure. Personnel working on these conductors should treat them as 

energized power oonductors. 

5.13 Special Protection 

5.13.l There are situations, such as telecarmunications facilities 
serving power stations, where special protection rreasures are 

required. These are discussed in REA TE&CM Section 825. 

6. (X)MM)NLY USED PROTECTION DEVICES 

6.1 Voltage Lind.ting Ievices 

6.1.1 The general categocy of voltage limiting devices includes not only 
gap devices, such as air gap carbons and gas tubes, but also solid 

state uni ts such as zener diodes and varistors. The voltage limiter 
appears as an open circuit until a threshold or breakdown voltage is reached. 
At this point the device changes to a conducting node and provides a low 
irrpedance shunt across the tenninals it is protecting. In this manner 
voltage across a load in parallel with the voltage lirrd.ting device will 
re restricted to approxirrately the voltage limiter's threstold voltage. 

6.1.2 Perhaps tre rrost oormon categocy of voltage limiting devices in 
the typical telepmne system is the gap type arrester, sucn as 

the carton arrestor, which errploys the dielectric breakdown of an air discharge 
gap as a rreans of providing the low irrpedance shunt. The discharge gap type 
arrester will generally handle rrore energy than solid state devices of 
equivalent cast. Unfortunately, it is difficult to produce discharge gaps 
with extrerrely low breakda.vn voltages. Also, by its nature, the discharge 
gap provides a broad range of prol::able breakdc,..m voltages, frequently± 25~ 
from the naninal. In sorre instances these lirrd. tations rray take the discharge 
gap useless wi th:mt additional supplerrP...ntal protection, while in others they 
may not matter and the discharge gap will re the rrost economical rreans of 
protection. 

6.1.2.1 Carron block air discharge gap arresters are available in a numrer 
of breakdown ranges, and are color ccxled as shown in Table 2 . 

. . 
TABI.E 2: CARBON B10CK ARRESTER (X)J..DR (X)DES 

NCMINAL DC BRFAKIXl'ilN 
CX>I.OR (X)DE VOLTAGE RANGE 

White 
Blue 
Yellow 

350 
500 
700 

600 
1,100 
1,400 
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'I1lE prirra:ry objection to the carton block form of arrester is the high 
rraintenance associated with low breakaown voltage uni ts. When a srra 11 
gap is ei,p:JYed, U-:.::: .... c L a tendency for carton particles to beoorre lodged 
in the ga~,. thus pe:r::manently grounding the unit and disabling the circuit. 
Where larger gaps can be errployed, permanent grounding occurs less infrequently . . 

6.1.2.2 An arrester assembly from a carbon block station protector, as 
shown in Figure 5, is an excellent exanple of discharge gap type 

protector which will fail in a short circuited rrooe.when subjected to long 
duration energization. The cylindrical electrode is recessed about O. Olmn 
(0.004 inches) from the top of the ceramic insulator so that when the unit 
is-assembled an isolation gap exists between the ca:rton disk and cylindrical 
carton. This is the air gap that rrust be ionized for tlE unit to provide 
a low inpedance path to ground. In the event of a long duration energization, 
such as from a power contact, cerrent between the ceramic insulator and 
cylindrical carbc:n softens, permitting the carton to slip, under spring 
pressure, and close the gap. If energization continues beyond this point, 
the generation of heat within the unit rrelts the fusible pellet, pennitting 
the cage to slide carpletely over the cerarrd.c insulator and contact the 
rrounting base electrode, thus providing a rretallic by-pass around the carton 
electrodes. 

6.1.3 Gas tube arresters, covered in detail in TE&CM Section 823, are 
discharge gap ·electrodes ina sealed abrosphere of. inert gas. 

In general, maintenance of gas tubes is lower than for carton block protectirn, 
however, the initial cost of the gap tube arrester is higher than for the 
carton block arrester. 

6.1.3.1 Gas tube arresters are available that will fail in a short 
circuited rroae when subjected to long duration energization. 

All station protector assemblies with9ap tube protectors included in the 
REA List of Materials enploy gas tubes of this type. 

6.1.4 At present, due to their relatively high cost and canparatively low 
energy handling ability, solid state voltage limiting devices are 

in very limited use within the teleph:>ne industry as rrain energy handling, 
or "prirra:ry" protection. The forerrost use of these aevices is as low 
voltage "secondary" protection for electronic equiprent, as covered in 
TE&CM Section 822. Due to the solid state aevices' relative insensitivity 
to surge rate of/ rise, and its ability to furnish a precise, low breakdown 
voltage, these units are invaluable for protecting aelicate electronic 
ca:rp:ments from electrical over-loads • 

• 
6. 2 CUrrent Limiting Devices 

6.2.1 The fuse, such as used in a fused tYJ;e station protector is probably 
the prirre exarrple of a current limiting device. It should be noted, 

h::>wever, that other aevices, such as the fuse link, circuit breaker, and 
heat coil are also current limiting aevices. The current limiting device 
appears as a short or low i:rrpedance until excessive current is forced· 
through it. When this happens it opens the clrcuit and isolates the 

• equiprrent being protected fran the line. Since rrost current limiting 
devices are thenrally activated, there is a significant delay before the 

/ 
I 
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device operates. Figure 6, illustrates the tine versus current curve for 
a typical self:...resetting circuit breaker. While this device is slow 
conpared with rrost fuses, it provides an excellent illustration of what 
the protected device must withstand before this fonn of protection will 
operate. 

6.2.2 The fused type station protector, as shown in Figure 7, illustrates 
one nethod of reducing current passing through the protected load 

while still causing fuse operation. It is essential that fuse type station 
protectors be. camected in this rranner, with the fuses between the line and 
the arresters so that operation of the arresters provide current paths to 
ground for operation of the :fuses. 

6.2.3 Fuseless station protectors in preference to fused protectors 
are strongly recormended by REA where ever the National Electrical 

Code (NEC) requirarents can be net. These req:uirerrents are set fo.rtl;i in 
Article 800 of the NEC. Fuseless protectors, when properly installed 
provide equivalent voltage limiting to fused protectors, but must be 
camected in series with a fuse link consisting of a short length of wire, 
usually 24 AWG oopper, instead of a cartridge fuse. The 24 AWG fuse link 
has a time-current fusing characteristic that is equivalent to about a 30 
arrpere fuse instead of the 7 arrpere unit used in fused type station 
protectors. As a result, the fuseless protector should require much less 
naintenance. Because much greater energy is required to open the 24 AW3 
fuse link than is required to open the 7 anpere fuse, the current carrying 
parts of fuseless station protectors must be capable of handling relatively 
large anounts of energy witrout becani.ng a fire ha.zard. This capability 
is provided by a rretallic by-pass consisting of the cap, spring, cage, and 
nel ting of the fusible pellet shown in Figure 5. The advantage of fuseless 
station protectors, and the aisadvantages of fused staticn protectors are 
discussed in 'IE&CM Section 805. 

6.2.4 Heat ooils are not fuses, but nay be connected in series between 
the line and the line circuit equiprent of the central office. 

Abnornal current through the winding of the heat ooil generates heat which 
softens a soldered connection and pernd.ts :a spring to open a set of contacts 
and isolate the equiprent from the iine circuit while opticnally grounding 
the energized outside plant conductor. Tests conducted by REA have srown 
that heat coils are generally not effective in protecting rrode:m switching 
equiprent because they are not sufficiently sensitive. In rrost cases, the 
energy required to operate the heat ooil results in current through the 
line circuit equiprent which will darrege the equiprent prior to heat coil 
operation. It is not practical to make the heat coil more sensitive, so 
the use of heat coils is not recarnended as they represent a possible 
source of noise as well as an unnecessary cost with no engineering benefit. 
Heat coils were dropped from the.COE contract in 1963 (See REA 'IE&CM Section 
81!0). 
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6.3.1 While the itans covered in paragraphs 6.1 and 6.2 are the rrost 
frequently used protection devices, other iterrs exist whose appli­

cation is i:rrportant to carprehensive protection of a teleprone system. 
Several of t1E rrore irrportant exa:rrples are as follows: 

6. 3. 2 Neutralizing Transfonrer. The principle of the neutraliziLng trans-
fonrer is to produce induced potentials in the telephone conductors 

equal in rragnitude and opposite in polarity to tlE potentials developed 
by power line induction or a ground potential rise at a power station. The · 
two ends of the prirrary winding are connected to the ground at different 
locations so that the voltage tote neutralized appears across this winding. 
Secondary windings having a 1:1 ratio to tlE prirrary are connected in series 
with the telephone circuit oonductors in such a ·way that the potentials 
induced from the primacy are opposed to and approxirrately equal to the induced 
foreign potential on tlE conductors. Use of the neutralizing transfonrer for 
electrlcal protection is covered in detail in TE&CM Section 825. Neutralizing 
transfonrers might also te used for noise oontrol in sorre situations. Data 
on this application is covered in REA TE&CM Section 451.5. 

6.3.3 Drainage Units. Drainage units usually consist of inductor-capacitor 
networks connected fran each side of the line to ground. Drainage 

units are designed to reduce electrically induced voltages in open wire 
telephone circuits with a minimum of disturbance to the corrmunications 
signals. Electrically induced voltages are caused by capacitive coupling 
l::etween a power supply line and a telephone line. The application of these 
units is covered in TE&CM Sections 820 and 825. 

6. 3. 3 .1 Isolating Transforrrer. The isolating transfonner is sirrply a 
1:1 transfonrer \vith high dielectric capability which "isolates" 

the station tenni.nal equiprrent from the reirainder of the corrrnunications 
facility. Thus, the station tenni.nal is free to "float" with the local 
ground witrout feeding excess voltage back into the comrrunications facility. 

6.3.3.2 Isolating transforrrers are generally less expensive and rrore 
conpact than neutralizing transfonrers. They are available with 

dielectric withstand capability from 1000V to approxirrately 25 KV and 
insertion losses of approxirrately 1 dB at either voice or carrier frequencies, 
depending on the transfonrer selected. One shortcoming of the isolating 
transforrrer is that it does not provide de continuity. The use of isolating 
transfonrers is discussed further in REA TE&CM Section 825. 
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