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1.01 This addendum supplements Section 644-104­
090. Place this addendum ahead of page 1 of

this section .

1.02 This addendum is issued to assist cable repair
technicians in locating and correcting

transmission and induct ive interference problems . It
cons ists of three major parts :

(a) SECTION 4. BASIC THEORY

This sect ion conta ins general information about
the nature of transmiss ion and induct ive
interference.

(b) SECTION 5. PROCEDURAL FLOWCHARTS ­
CABLE REPAIR

This section details step-by-step methods for f ind­
ing and solving transmission and interference prob­
lems for cable repair technic ians.

(c) SECTION 6. DIAGNOSTIC SAMPLE PROBLEMS

This section offers a case study approach to
solving some specific noise prob lems.

Two appendices contain additional material :

Appendix A presents sample calculations of db
values.

• Appendix B shows the circuit setup used for
making noise measurements.

1.03 The flowcharts (Figures 5-12) have been
developed for use with the test sets listed in

Part 3 . These test sets or their equivalent and the
flowcharts should be available to the cable repair tech­
nician:

2. PRECAUTIONS

2.01 Although not listed in the flowcharts, safety
procedures and precautions shall be observed at
all times .

3.01 Test sets required by the cable repair force for
fault locating transmission and inductive

interference faults are listed below:

• 1013B (or equivalent)

(Section 106-020-113) This handset has dial
capability for communication in outside plant .

• Wilcom T136BSB (or equivalent)

(Section 1QO-102-904WT) This circuit test set is
capable of measuring transmission and noise on
subscriber loops. This test set requires the 1013B
handset as its communication link

• Wi lcom T139 (or equivalent)

(Wilcom T139 Instruction Manual! This circuit
termination set is a balanced sw itch able
termination and is used in conjunction with the
T136BSB circuit test set . The Wilcom T279 is an
equivalent circuit term ination set with an
addit ional feature which is not used in this
practice .

(. )Wilcom T304 (or equivalent)

(Wilcom T30 4 Instruc t ion Manual) This cable
shield splice continuity tester is capable of
detecting defects in the bonding and grounding of
cable shields. The Wi lcom T304 is used most
effect ively on buried cable plant in addition to
aerial and underground cable plant.

4. BASIC THEORY

4.01 This section of the guide contains general
informat ion about the causes and solutions of

inductive interference problems. It covers noise
parameters and the units used to measure them, the
design of basic power systems, the theory behind
shielding and grounding , and the functions of loop aids
and ring isolators (equipment used to solve noise
problems).
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4 .02 All physical trouble . e.g. short , ground , cross,
leakage, capacit ive unbalance, must be cleared

using standard procedures prior to attempting to lo­
cate transmission or inductive interference problems.

A. Noi.e Peramater.

4 .03 Circuit noise:

Circuit noise or noise metallic, is the noise mea­
sured between the tip and ring conductor of a circuit.
This is the noise the customer hears.

4 .04 Power influenca:

Power influenca is the noise between ground
and the tip and ring conductors tied together. as mea­
sured by the Wilcom T136 or its equivalent . The
customer does not hear the power inf luenca; however,
its magnitude will determine the magnitude of circuit
noise that the customer does hear. Power influenca
may be decreased by improving the cable shield.

4 .06 Balanca:

Balanca denotes how much the impedanca
characterist ics of one conductor in a pair resemble
those of the other conductor. The electrical com­
ponents of longitudinal impedance of a cable pair are
capacitanca, resistance, and inductance. Inductance is
negligible as far as power current harmon ics are con­
cerned; therefore. balance denotes how much the
capacitance and resistance character ist ics of one
conductor of a pair resemble those of the other
conductor. The more alike these conductors are. the
higher the balance and, consequently, the less
susceptible they are to induction. Balance may be
defined as follows:

Balance = POWllr Influence - Circuit Noise

B. Unit. of Nol.e M...urement

4 .08 Decibel (dB) : The balance of a cable pair IS

measured by a meter calibrated in decibels (dB).
The decibel unit expresses the ratio of two quant it ies.
In noise wortc. the quant ities are usually voltages, cur­
rents , or power levels. Voltages or currents can be
compared in terms of dB by the following equations.

(a) For voltages :

dB = 20 log 101~ ~ I

(b) For currents :

Paga 2

dB = 20 iog 101:~ I
These equat ions relate the voltage , V 2 , or the
current , I 2 . to some other voltage, V 1 , or
current , I 1 , respect ively. The value in dB can be
positive or negative. If V 2 is less than V 1 , the
dB value will be negative. The same applis to
current and power rat ios. Power levels, however ,
are compared in terms of dB by the following
equat ion.

(c) For power levels:

dB = 10 log 10 1~ ~ I
For examples using these equat ions , see
Append ix 1.

4.07 It is not necessary for the cable repair
technic ian to fully understand dB in

mathematical terms to effectively wortc with noise
levels - what is satisfactory, what is slightly noise, and
what const itutes a severe noise problem .

4.08 dBm: Power levels are generally of greatest
interest in telephone wortc. For this reason, a

standard reference power level (dBm) has been
establ ished. This reference level is one milliwatt (or
10 -3 watts) of l00Q-Hz power dissipated in a 600­
ohm resistor. Substituting th is into our dB equation ,
with dBm replacing dB to designate our reference of
P 1 = 10 -3 watts, we have:

dBm = 10 log 101~~31
where P 2 is in watts.

4 .09 dBrn: Noise powers are almost always less
than one milliwatt. This means that the dBrn

values would normally be negative. Since it is desirable
to express all noise powers as positive quantities, a
new unit of measurement, dBrn, has been defined as
follows:

o dBm = 90 dBrn

The "r n" stands for " reference noise" power. This
reference noise power is a quantity of noise which has
a negligible effect on the transm ission of speech.

4.10 dBrnc: the physical character ist ics of the
telephone receiver and the human ear cause

some frequencies of noise to appear louder and more
disturbing than others . even though the noise signals
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of the different frequencies have the same power lev­
el.

4.11 A weighting curve which expresses this
difference in disturbing effective relative to the

disturbing effect of a l0Q0-Hz signal of the same
power level has been developed to show the response
of the telephone receiver and the average human ear
to various frequencies in the audible range.

4 .12 Measuring noise in dBrn with C-message
weighting (dBrnc) takes into account the

relative interfering effects of the various frequencies
which make up a noise signal and, therefore, is a more
accurate measurement of the noise the telephone user
actually hears.
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Figure 2: Current Return Paths

C. Beaic Power Syatem

4.13 Figure 1 illustrates a three-phase . V-fed . multi­
grounded neutral power distribution system .

This is the configuration of most power distribution
systems in the United States. .

4.1 6 Alternating current flowing through a wire sets
up a magnetic field which alternates with the

frequency of the current . For three-phase power lines,
each of the phase currents produces a magnetic f ield
and the returning currents produce oppos ing magnet ic
fields .

Figure 1: A Power Distribution System

D. Shielding end Grounding

4.18 There is always some unbalance in three-phase
distribution systems. In a properly planned and

constructed power system. the residual current is
usually 60 Hz. However. if. for example, a transformer
is overexcited , the residual current will also contain
exceptionally large harmon ic components (whole
number mult iples of 60 Hz). the largest Ifarmon ics are
generally the odd triples (180 Hz. 540 Hz. etc .I, Very
little intelligible sound is carried at very low
frequencies; since there is so much 60 Hz near a
power line. the phone set has been designed to reject
the low frequencies. Thus, it is the harmonics that lie
within the voice band that produce audible noise.

4.17 The residual current . wh ich is the sum of the
phase currents and the neutral current , has a

magnetic field wh ich is not cancelled. the resultant
magnetic field will induce a voltage in any conductor in
its vicinity. Thus. a telephone conductor near a power
system will experience an induced longitudinal voltage
whose magnitude depends upon the distance to the
power lines. the lellQlh of cable exposed. and the
current and balance of the power system .

A
Substation B Load

C

Neutral

_..... i I 1 -

4.14 Assume that this distribution system furnished
power to only three customers. each with an

ident ical electrical load connected to phase A, B, and
C. respectively. If each customer placas the same load
on the line at the same time . the power system load
will be balancad, and currents of equal magnitude will
flow through phasas A. B. and C.

Phase
Conductors

4.16 For unequal loads, however, these currents will
be somewhat different in magnitude. The

geometric sum of these currents must return to the
substation (I R) via the neutral w ire and the earth . As a
general rule. 40 percant of the current returns through
the neutral wire and 60 percent returns through the
earth , as shown in Figure 2.

4 .19 If another conductor is placed near the power
line parallel to the telephone conductor and is

grounded at both ends. it w ill help shield the telephone
conductor from interference. Shielding and ground ing
make up the first line of defense against external
influences to the telephone system .

Pege 3
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4.20 Figure 3 shows a telephone conductor w ith a
shield conductor, both under the influence of a

power line. The shield conductor may be any
conductor w ith a ground return path (grounded at both
ends). In the telephone system, the metallic sheath of
the cable serves as a shield when properly bonded and
grounded.

I p
-------.-- - - - - Power Line

+ ; , - - - - V pS---~\ Shie ld
1 • l Conducto r

IS

r - - - VpT--- -
+ ; .. Te lepho ne

, vST--I'+ Conductor

Figrue 3 : Telephone and shield conduc tors Under
Influence of Power Line

4.21 The residual power line current (I P) generates
logitudinal voltages on the shield conductor and

the telephone conductor . These are designated V PS
and V PT, respectively. These voltages are of such
polarity that they both would cause a current flow in
their respective conductors opposite to the current in
the power line if the current were free to flow. The
current , IS , is free to flow in the shield because of its
ground return path. Since we are studying the effect of
the shield on longitudinal voltages in the telephone
conductor. The current , I S, w ill also induce a voltage ,
V ST , on the telephone conductor. Since I P and I S
flow in oppos ite directions, the voltages they will
induce on the telephone conductor will be opposite in
polarity and w ill , therefore. partially cancel each other.
Because of th is cancellat ion, the net longitudinal volt ­
age induced on the telephone conductor will be much
less with the shield than w ithout it .

4.22 The cancellat ion of induced voltages on the
telephone conductor is due to the voltage ,

V ST , wh ich is induced by the current flow in the
shield conductor. In most cases, increasing the current
flow in the shield conductor will increase the cancel­
lation effect and reduce the net induced voltage on the
telephone conductor. to keep this shield current as
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great as possible, the shield must be continuous at all
points and properly grounded through low resistance
bonds. If good shielding techn iques are applied, all
areas of the inductive noise problem will be improved.

E. Loop Aid'

4.23 Importance of Loop Current Measurement:

There is more to transmission improvement
than fixing noise problems . For the customer, the
ability to hear and be heard is just as import ant . But
before either noise or hearing problems become a
concern, the customer must first be connected w ith
the called party. This is established by the loop
current.

4.24 In general, the relays in the CO require a
minimum of 20 MA to operate reliably. A

customer line w ith very low loop current often has an
interesting trouble history character ized by comments
such as "no dial tone (NOn," "can 't break dial tone
(CBOn :' "get wrong numbers (GWN):' or " bell rings
after answer (BRM).'· A low loop current condition is
usually the result of a circuit exceeding the typ ical
design limit of 1300 ohms or the long route designs,
e.g., Resistance Zone (RZ) 1B ( 1BOO ohms) and RZ2B
(2BOO ohms) . All circuits designed to exceed 1300
ohms require range extension equipment to aid the
C.O. battery.

4 .25 Importance of Circuit Loss Measurement:

C· . I . . •Ircult ass measurements indicate how well
the customer can hear or be heard. For proper service,
a line should not exceed B.5 dB of loss to the milliwatt
term ination . A customer with a higher loss may have a
trouble history character ized by commen ts such as
" can't hear (CH) - can't be heard (CBH)" or " can't hear
on Direct Distance Dialing (CH on 000)."

4.28 If a repairperson tests th is line by calling the
testboard, it will sound like a good circuit .

However, when the customer calls across town or
long distance , the addit ional loss on the far-end loop
might make it sound like a poor circuit. Since what is
heard by calling the test board can be deceiving, the
loss measurement must be used to evaluate the line.
Loops with losses greater than 8 .5 dB can be
corrected by repair, redesign, or the addit ion of voice
frequency amplifiers, whichever is determ ined to be
appropriate.

4.27 Why Cables are Loaded:

A capacitor is two conductive plates separated
by an insulator . A cable pair may be thought of as two



very narrow, very long plates separated by an
insulating mater ial; as a result, telephone cable pairs
are highly capacit ive. Since this causes ineffi cient use
of voice power, the cable pair must be mod ified to
transmit voice power very far. This is done by adding
inductance periodically to offset the capacitance . This
process is called loading; it improves the efficiency of
a cable pair by improving the power factor and the
frequency response.

4 .28 Because some inefficiency can be tolerated for
short distances , customers close to the CO are

served by nonloaded cable pairs . Loaded pairs serve
customers w ith loops beyond 15,000 feet (or
1B,ooo feet depending on the plant design rules
used).

4.29 The HBB loading scheme requires that load coils
be placed 6,000 feet apart along the pair. The

first load point out of the CO will be 3,000 feet out so
that customer lines will be spaced correctly through
the CO sect ion. Load spacing is critical , particularly in
the first four sections from the CO, because loop aids
(such as repeaters and range extenders w ith gain) are
designed to work on properly loaded cable pairs.
Missing or improperly spaced load coils will degrade
the transmission Quality of the cable pair .

4.30 Two other situations w ill prevent loaded pairs
from working porperly: a customer line or

bridged tap located between two load points. All
customers on a loaded pair must be located in the end
sect ion, the portion of the cable beyond the last load
coil. Bridged tap may be used in an end section, too ,
as long as the total cable length past the last load coil
does not exceed 12,000 feet or less than 3,000 feet .

4.31 Several pro blems may arise if these
requirements are not met:

I••ue B, Addendum 644-104-090 WT

• for nonloaded cable, there is more than 6,000
feet of bridged tap.

F. Ringer I. olator.

4.33 If the tip and ring could be perfectly balanced,
no noise would be heard on the telephone line.

The design of CO equipment, cable, and stat ion
equipment minimizes the differences in tip and ring,
but perfect balance is never found . Perhaps the
biggest single source of unbalance in multiparty lines is
more ringers to ground on one side of the line than on
the other. This is especially difficult to control because
every disconnection or addition to the line changes the
balance. The answer is to have no ringers to ground.
This can be accomp lished w ith ringer isolators.

4.34 A ringer isolator is a switch between the ringer
and ground wh ich is normally open. It mon itors

the tip and ring looking for the negat ive superimposed
battery current wh ich accompan ies the ring ing signal.
Whenever ringing is present , the ringer is connected to
ground. At all other t imes, the ringer is not grounded;
therefore, it cannot unbalance the line during a phone
call . Using ringer isolators on all part ies of a multiparty
line can improve the balance by as much as 15dB.

G. Guideline.

4.36 The Guidelines for Transm ission and Noise in
the Wisconsin Telephone Company are the

values shown in Table A.

4.36 Each transmission and noise measurement has
a value range wh ich can be categor ized as

Sa tisfa ctoTll, Ma rg inal or Unsat isfactoTll. The
measurement value ranges are shown in Table A.

(a) Satisfa c!oT1J - Provides acceptable service and
should not result in a trouble report.

poor frequency response may prevent Touch­
Tone telephone digits from register ing correctly,

•

the customer may have trouble hearing, or

ther~ may be transm ission distoration.

(b) Marginal - May provide a poor level of service
that boarders the unacceptable area. The circuit

possibly is not out of service, but will almost
certainly cause a tro uble report due to customer
dissat isfaction. Correct ive action should be taken to
improve the level to satisfactory.

4 .32 To detect bridged tap or a customer line in a
loaded cable, measure and compare the loop

current and circuit loss. If the loop current seems cor­
rect for the distance from the CO but the loss is high,
th is suggests one of the following:

the customer line is being fed between loads,

there is bridged tap in the loaded sections, or

(c) Unsatisf ac!oT1J - Provides unacceptab le service.
If a circuit is considered to be out of service.

Correct ive action must be taken to restore service.

Page 6
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6. DIAGNOSTIC SAMPLE PROBLEMS

8.01 This section offers a case study approach to
solving some specif ic noise problems.

6 .02 Case 1

_ 1· 11_ ... __ "" . ....... ___
_ 2 · " _~ ""CG"ec ' _ od lO lCf " l ....... "" .....__ _s....

__.. .0 "' "'- _ f ....-.... . oCt, _'-oHI H 1 ""'''2"" _
E_ CO".c .... ..""",. ..."_ ~_ ' _ '00d '0 'DH' E......- "" .......- s..." ..- _.0"" ___
""-'11 _ E_ . ICEI' _ ~ ""· 1) 1 ...., ...: "" .... ... _
SlM_ 0:-.... . , 1M _ . _ -... . DC ,_ ,__ ~ 4JO _

This measurement to be made with a T136 test
set having a DC resistance of 430 ohms.

A possibility exists that a marginal or
unsatisfactory balance will occur when noise
and power influence are in the satisfactory
range. When this happens. the balance should
be considered satisfactory if noise is less than
20 and power influence is less than 70. If noise
is more than 20. balance is not considered
satisfactory and corrective action should be
taken.

6. PROCEDURAL FLOWCHARTS - CABLE REPAIR

6.01 Fault locating and correction procedures for
transm ission problems are shown in Fig. 5 and

Fig. 6 .

6 .02 Fault locat ing and correction procedures for
inductive interference problems are shown in

Fig. 7 through 12.
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Probl em - There is a sudden rash of trouble
reports in a confined area.

Solution - A number of things could cause this
situation . This discussion addresses the prob­
lem of blown capacitor bank fuses.

Figure 13 illustrates a typ ical arrangement of a
capacitor bank. Note that the capacitors are
rectangular in contrast to transformers wh ich
are cylindr ical. The fuses in this f igure are in the
closed posit ion; the capacitor bank is in service.

Figure 13



Figure 14 illustrates the arrangements when all
fuses are open; this capacitor bank is out of
service. This. also. is a normal arrangement.
This situation occurs when the capacitor bank is
needed only for a peak power load season (such
as summer air conditioning); for the rest of the
year. the bank may not be needed .

Figure 14
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Figure" 15 illustrates the problem which can cause a
large increase in the noise heard on a telephone line.
When only one or two fuses are closed, the power line
is extremely unbalanced.

Figure 15

The capacitor bank fuses are visible from the ground
and may be noted while you are driving along a road
paralleling the power line. Watch for any such irregu­
larities while traveling to the customer who reported
the circu it noise problems.

Report the location of any unbalanced capacitor banks
to the leEP engineer. Once these unbalances are cor­
rected. investigate any remaining noise problems.

Pege 7



Issue B, Addendum 844-104-090 WT

8.03 Case 2 8.04 Case 3

Problem - There is a chron ic noise problem .

Solut ion Since many chron ic trouble
cond it ions are intermittent, ordinary test ing
methods frequently fail to identi fy the problem .
This is part icularly true in the case of poor
connections where applying test battery tempo­
rarily " seals" the poor connect ion and results in
multiple TOK's .

Problem - "Touch-Tone telephone digits fail to
work," " cannot hear," or "distortion:'

Description - When measured at the station.
the loop current seems acceptable for the
distance from the CO, but the circuit loss is
quite high.

Solution - One of three th ings may be causing
th is situation:

The Varley test is designed to locate these
intermittent poor connect ions; however, if the
test battery is applied to the line just prior to
the Varley test or if the repairperson calls the
testboard on the line in quest ion, the trouble
probably will not show up on the Varley.

the customer line is being fed between load
coils ,

• there is bridged tap in the loaded sect ions
of the cable. or

Use the lowest possible battery voltage for the
Varley test (20V or, preferably , less). Always
call the testboard on a line other than the line in
trouble to request a Varley. Ask the test board
to avoid putting any test battery on the line
other than the 20V Varley. If the Varley results
do not show a problem, ask the tester to open
the line to you and tell the tester you will call
back to restore it later.

for . ,;onloaded cable, there is more than
6,000 feet of bridged tap .

If the customer line is fed between load coils or
is fed by nonloaded cable, request a change to
another cable pair. If not , find the bridged tap in
the loaded section and remove it .

8 .06 Case 4

8.08 Case 5

Problem - There is unbalance in the loop.

Problem - There is a balance problem in B-buri­
ed service wire .

Solution - Use the following chart to determ ine
the cause of the problem , then correct it.

WHA T TO LOOK FOR

Mois tu r. in t. rmina l s
Oitty carbon s
Tr •• l imh. touch ing open wire
Wire in s ula t ion damaged by li ght ni nJ

Solution - Measure the balance of both pairs in
the B-buried wire and use the pair w ith the best
balance. If the balance of neither pair is accept ­
able. the w ire must be replaced.

Lea k to ground
(h igh resista nce Vfound )

TYPE OF UNBALANCE

With the line open to you, begin sect ionalizing
the cable w ith the noise measurement set and
the T139 or 120H coil to determine whether
the trouble is in the station wiring or in the
cable facilities . With the T139 or equivalent in
the circuit, record the circuit noise toward the
station and toward the CO. Monitor the noise
reading until the troub le appears on the line
(usually w ithin ten minutes). A substantial
increase in circuit noise will indicate trouble (it
usually pegs the meter). Once the trouble ap­
pears, it will remain until battery is applied to
the line.

If the trouble is toward the station, it can be
isolated by lifting IW'5, sets, etc. If it is toward
the CO, continue sectionalizing the cable to iso­
late the trouble.

Cabl. below manufoc tu ring standard .
R• • h to nc e in spl ice .
Cobl. damoged dur ing construct ion

Capacitance unbalance Cobl. b.low manufac tur inljl s ta nda rds
Spl it pa in
Bridged tap with on e sid. aIM"
Sid. cra un to dead conductors
Unbalanced ring.rs on pa rty line
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