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1.01 This section describes the procedures for 
location of transmission irregularities 

using voice-frequency sweep test sets. These tests 
may be applied to subscriber cable pairs when 
transmission troubles are suspected. They are 
designed to locate and identify these troubles 
primarily by testing from the Central Office end 
of the pair. 

1.02 The general theory of trouble location 
using sweep test sets is discussed in Sec­

tion 330-450-100. Appl1cation to subscriber loops 
is discussed in Section 330-450-102. Procedures 
and equipment for seizing cable pairs and testing 
from various test locations are described in Sec-

tions 330-450-501 through 330-450-506. This sec­
tion covers the analysis of sweep traces to iden­
tify and locate specific transmission irregulari­
ties. 

1.03 These tests may be applied to subscriber 
cable pairs. They may also be applied to 

cable pairs for special services on an out-of­
service basis. When the distant end is terminated 
in equipment other than a telephone instrument, 
it may be necessary to arrange for the distant 
equipment to be temporarily disconnected. The 
analyses are based primarily on open-circuit 
tests. When testing circuits which are normally 
open, little or no assistance is required at the 
distant end. When it is necessary to disconnect 
equipment at the distant end, special test equip­
ment is not required. 

1.04 Pairs bridged at the Central Office must 
be tested at the main frame or on test 

shoes if they are equipped with bridge lifters. 
Each pair should be tested individually. If not 
equipped with bridge lifters, each bridged pair 
can be tested individually by removing the heat 
coils for the other pair. 

1.05 Schematic records should be available 
for the pair or pairs under test. In addi­

tion, the assignment information should also 
be available. 

2. IDENTIFICATION OF PAIR TYPE 

2.01 When the pair is in the test condition, op-
erate the TEST PAIR key of the acces­

sory arrangement as furnished per Section 
330-450-102, Fig. 1-3. The pair is then con­
nected to the sweep test set. With the set ar­
ranged for impedance measurement, examine 
the shape of the impedance curve. If it is similar 
to those shown in Fig. 1, the pair is nonloaded. 
The impedance magnitude will decrease as the 
length of the pair plus bridged tap increases. 
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SECTION 330-450-507 

2.02 If the cable pair is loaded, the impedance 
curve will show peaks and dips. A typical 

curve for a 22H88 loaded pair with four loading 
~gils is shown in Fig. 2. Note that the peaks and 
dips tend to rise smoothly from low to high 
frequency. The height of the right-hand peak is 
dependent on the amount of cable beyond the 
last load. With a short far-end section, the last 
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Fig. 1 -Open-Circuit Impedance Curves for Various 
Nonloaded Pairs 
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Fig. 2 - Typical Open-Circuit Impedance Curve for 
Loaded Cable Pair 
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peak will be shorter than the previous one. With 
a long far-end section, the last peak will be 
higher than the rest. 

2.03 Because of possible irregularities in the 
cable pair, it cannot be assumed that the 

number of peaks in the impedance curve is al­
ways equal to the number of loading points. It 
is not always true for H88 loading, and other 
loading plans may have completely different 
patterns, because the display does not extend 
above the cutoff frequency. 

2.04 Nontypical impedance curve shapes are an 
indication of a possible irregularity. Anal­

ysis of these curves is discussed further in 
Parts 3 and 4. 

3. IDENTIFICATION OF PAIR FAULTS 

lAl Short Circuits 

3.01 Faults normally found by DC tests will 
sometimes be encountered. These should 

be identified and corrected before proceeding 
with further tests. 

3.02 Fig. 3 shows the effect of a short circuit 
at the distant end of the pairs shown in 

Fig. 1. Notice that the impedance approaches the 
DC resistance of the loop between the Central 
Office and the short at low frequency. 
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Fig. 3- Short-Circuit Impedance Curves for Various 
Nonloaded Pairs 
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3.03 Fig. 4 shows the effe'ct of a short at the 
distant end of the H88 loaded pair of 

Fig. 2. Note that the impedance curve is similar 
to that of Fig. 2, but the peaks and dips are 
turned over. 
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Fig. 4- Short-Circuit Impedance Curve for H88 
Loaded Cable Pair 

IBl Effect of Terminations 

3.04 Terminations will sometimes be encoun-
tered during testing. Fig. 5 shows two 

types that may be found on nonloaded cable 
pairs. Curve A illustrates the effect on a 15 KF 
loop if a 500-type telephone set is encountered 
in the off-hook condition. Curve B shows the ef­
fect of a 120-type repeating coil at the far end 
with a resistive termination and equipped with 
capacitors across the center taps. 

3.05 Fig. 6 shows the effects of terminations 
on an H88 loaded cable pair with four 

loading points and 6 KF of cable in the far-end 
section. Curve A is for an off-hook 500-type 
telephone set, and Curve B is for the 120-type 
repeating coil termination described in 3.04. 

3.06 When terminations are encountered, it 
may be necessary to disconnect the ter­

mination to complete the ana.lysis of the sweep 
traces. When the termination consists of a re­
sistive short circuit, the fault should be located 
and corrected before proceeding further. 
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Fig. 6- Terminated Circuit Impedance Curves for an 

H88 Loaded Cable Pair 

ICl Unbalance 

3.07 An unbalanced cable pair will often be 
encountered. It will usually be indicated 

by a widening of the trace due to noise. A typical 
display for a 15 KF nonloaded cable pair is 
shown in Fig. 7. In this case, an unbalance exists 
9 KF from the Central Office. 
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Fig. 7- Noise on Open-Circuit Impedance Curve for 
a Nonloaded Cable Pair 

3.08 To test for unbalance, operate the TEST 
RIN:G key on the accessory arrangement 

and observe the impedance trace, then operate 
the TEST TIP key and observe the impedance 
trace. Notable differences in the curves are due 
to structural differences between the two sides 
of the pair and they may also be caused by lack 
of balance in the station equipment. 

3.09 Fig. 8 shows some typical displays for 
a 15 KF nonloaded pair with a fault on 

the ring side 9 KF from the office. When the 
ring side is open, its impedance is higher than 
the tip side. When the ring side is grounded, its 
impedance is much lower. 

3.10 Unbalance may be due to excessive resist-
ance or capacitance in one side of the line, 

such as may occur in a corroded splice. This may 
cause only a small difference between the tip­
ground and ring-ground impedance curves. If 
the unbalance disappears when de voltage 
is applied to the pair, it may not affect trans­
mission except for special services using key cir­
cuits. DC voltage should not be applied to the 
pair when the sweep test set is connected, unless 
the set is equipped with a de blocking capacitor. 

3.11 Unbalanced loaded cable pairs may be de­
tected in the same manner as nonloaded 

pairs, with one exception. When an open or 
ground occurs in one side of the pair, the peaks 
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and dips in the impedance curves for the two 
sides of the pair will be substantially different. 

3.12 Erratic traces may be encountered. This 
condition is usually due to intermittent 

opens, sometimes caused by faulty test connector 
switches in the testing train. 
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Fig. 8- Tip and Ring Impedance Curves for a Non­
loaded Cable Pair with Fault in Ring Side 

4. ANALYSIS OF IMPEDANCE MEASUREMENTS 

lA) General 

4.01 Some troubles can be identified and lo-
cated by inspection of the open-circuit 

impedance curves as displayed by the sweep set. 
The analysis can be done after any faults have 
been located and cleared as discussed in Part 3. 

4.02 When apparent irregularities cannot be 
located and identified by inspection, an 

artificial cable kit may be used. An artificial 
cable pair is assembled from the kit and made 
to look like a model of the real pair. Various 
irregularities may then be inserted in the artifi­
cial pair until the curve for the artificial pair 
is identical to the curve for the real pair. The 
troubles in the artificial pair then simulate the 
troubles in the real pair. 

4.03 The discussion here is based primarily on 
tests of nonloaded pairs and pairs with 

H88 loading. When other loading plans are en-

• 
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countered, or when more precise analysis is nec­
essary, return loss tests may be used as dis­
cussed in Part 5. 

!B) Analysis of Impedance Curves 

4.04 Open-circuit impedance curves for non-
loaded cable pairs should look like those 

in Fig. 1. When an irregularity exists, such as 
an incorrectly placed loading coil, the curve 
will be irregular. Some examples are shown in 
Fig. 9 for a pair 15 KF long. 

4.0S An exception will be found on nonloaded 
pairs terminated at 155G coin telephone 

sets. An example is shown in Fig. 10. The low 
impedance at low frequency is caused by the 
subset. These stations are being replaced. 
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Fig. 1 0- Open-Circuit Impedance Curve for Non­
loaded Cable Pair Terminated at 1 SSG Coin 
Telephone Set 

4.06 Improper bridged tap on nonloaded pairs 
cannot be detected by looking at the 

impedance curve, unless there is bridged tap con­
taining one or more loading coils. It will only 
make the pair appear to be longer. The curve 
will then appear similar to one of those in Fig. 9. 
If there are no coils present, excessive bridged 
tap can be detected by the pair length tests of 
Part 6. 
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4.07 When testing loaded cable pairs with 
properly spaced 88 mh loading coils, the 

high-frequency end of the curve will be affected 
by the total length of cable pair plus bridged 
tap in the far-end section. Some examples of 
22H88 loaded cables with four properly spaced 
loads are shown in Fig. 11. Note that the last 
peak disappears when the far-end section is very 
short. The effect of the last loading coil will ap­
pear if the pair is short-circuited at the far end. 
Its presence can also be detected by the return 
loss tests of Part 5. 

4.08 The length of the Central Office end sec-
tion has an effect on the open-circuit im­

pedance curves of loaded cable pairs .. Fig. 12 
shows impedance curves for a 22H88 load pair 
with four properly spaced loads, a 6 KF far-end 
section and various C.O. end sections. These 
types of curves may be found when there is 
bridged tap in the C.O. end section or when the 
first loading coil is missing. 

4.09 The effects of other irregularities may be 
observed. Some of these are missing coils, 

doubled coils, half coils, reversed sides, im­
properly spaced coils and bridged tap between 
coils. Many irregularities have been investigated, 
and some of the resulting displays for H88 
loaded cable pairs are illustrated in Appendix A. 

4.10 A few exchanges are engineered for H44 
loading. Since H44 loaded cable pairs 

have a frequency cutoff just above 4000 cps, the 
open-circuit impedance curves are substantially 
different. Other loading plans, such as B or D 
spacings, also produce different patterns. A few 
open-circuit impedance curves for H44 loaded 
cable pairs have been investigated. Some typical 
examples are shown in Appendix B. 

4.11 Many irregularities cannot be identified 
and located by inspection of the open­

circuit impedance curve, although the effect may 
be seen. When this occurs, or when unusual load­
ing schemes are encountered, the techniques of 
Part 4(C) or 5 should be used. 

!C) Use of Artificial Cable Kit 

4.12 The Western Electric Company lA Arti­
ficial Cable Kit, or equivalent, may be 

helpful to identify and locate irregularities when 

iii 
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Fig. 13- Connection of Dual Channel Sweep Set for Impedance Comparison 
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Fig. 14- An Arrangement for an Impedance Com.. -• .. on Test 

inspection of the open-circuit impedance curve 
fails. A model of the real pair is constructed 
from the artificial cable kit. The impedance 
curve of the real pair is compared with the 
impedance curve of the artificial pair. Irregulari­
ties are introduced into the artificial pair 
until one is found which results in matching of 
the curves. 

4.13 When the sweep set is arranged for dual 
channel operation, practically all trans­

mission-affecting irregularities are easily iden­
tified. The connections may be made as shown 
in Fig. 13. 

4.14 Fig. 14 illustrates an arrangement that 
might be found in actual practice. The 

real pair has an irregularity, and the artificial 
pair is constructed in accordance with the cable 
record. Most irregularities, such as missing or 
doubled loading coils, can be identified by im­
pedance matching. 

4.1 S Fig. 15 shows the results of the test above. 
The two impedance curves have been dis­

placed vertically for easier comparison. Inspec­
tion shows that the irregularity is not due to a 
missing coil, because the peaks occur at the same 
frequencies. The impedance curves can be made 

to match by introducing bridged tap in the 
second loading section of the artificial pair or by 
lengthening the section. The correct interpreta­
tion can be selected by inspection of the cable 
schematic or by measuring loop resistance to 
any terminal beyond the irregularity. Most ir­
regularities, such as missing or doubled loading 
coils, can be positively identified. 
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4.16 When a more precise location of irregular­
ities and their magnitudes is desired, the 

tests of Part 5 should be used. 

5. ANALYSIS OF RETURN LOSS MEASUREMENTS 

5.01 Return loss measurements can be used 
for location of transmission irregularities. 

They are generally more precise than impedance 
measurements but may require more testing time. 
The troubles cannot be identified by inspection 
of the shape of the sweep trace. 

5.02 The internal hybrid of the sweep set is 
used, if provided, or an external resistance 

hybrid may be used. A simple one suitable for 
the purpose is described in Section 330-450-101. 
The pair under test is connected as the line, 
and a model of the real pair is assembled from 
the artificial cable kit and connected as the net­
work. 

5.03 In this test arrangement, the hybrid 
functions like a wheatstone bridge. The 

real pair is compared with the artificial pair. 
As the artificial pair is made more like the 
real pair, the balance of the circuit is improved, 
and the apparent return loss increases. 

5.04 The impedance comparisons of Part 4(C) 
involved impedance magnitudes orrly. The 

return loss tests require matching of both the 
magnitudes and phase angles of the compared 
pairs. Therefore, the .return loss tests can be 
quite sensitive to small differences. 

5.05 Fig. 16 shows the effect of some typi-
cal irregularities on return loss curves. 

Fig. 16A illustrates the effect of unsuspected 
bridged tap on a nonloaded cable pair. The vari­
ous curves show the effect of adding various 
amounts of additional bridged tap to the artifi­
cial pair. 

5.06 It should be noted here that, when test-
ing nonloaded pairs, it is not possible to 

determine whether the pair has unknown bridged 
tap or is longer than the records indicate. Both 
situations produce about the· same effect. This 
can be resolved by making tests with a short 
circuit at the known distant end terminals and 
by comparison with the cable schematic. When 
the distant end is short-circuited, the artificial 
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pair must have a short circuit at the same lo­
cation for best return loss. 

5.07 Fig. 16B, C and D show some results of 
tests with H88 loaded cable pairs. Similar 

results are obtained with other loading plans. 

5.08 The amount of cable plus bridged tap in 
the distant end section can be determined 

with reasonable accuracy, but the amount of 
each cannot be readily determined. This can be 
resolved by testing with a short circuit at the 
known distant terminals in the same manner 
as in 5.06. 

5.09 It may be difficult to detect the presence 
or location of the most distant loading 

coil when the distant end section is less than 
3 KF. The coil can be readily located when test­
ing with a short at the distant end. 

5.1 0 When stations are connected on short 
bridged tap between loading points, they 

are not readily detected by open--circuit tests. 
The fact that they are located between loading 
points can be readily detected when a short cir­
cuit is put on at the station location. 

6. MEASUREMENT OF PAIR LENGTH 

6.01 Total pair length, both loaded and non-
loaded, plus bridged tap can be measured 

with reasonable accuracy by measuring the ap­
parent shunt capacitance of the cable pair under 
open-circuit conditions. This is easily done with 
the accessory arrangement described in Section 
330-450-102. 

6.02 To measure shunt capacitance, operate 
the sweep set with the oscillator fixed 

at about 200 cps. Note the indicated impedance, 
then operate the CAL key on the accessory ar­
rangement. This connects the decade capacitor to 
the sweep set in place of the cable pair. Adjust 
the decade capacitor for the setting which repro­
duces the open-circuit impedance measurement 
of the pair. 

6.03 Measured shunt capacitance of nonloaded 
high capacitance cable pairs can be con­

verted to pair length using the curves of Fig. 17. 
For loaded high capacitance cable pairs, use 
Fig. 18. If older low capacitance cables are en-

il 
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countered, Fig. 17 and 18 are not applicable, and 
the return loss technique should be used. At 
some test locations, it may be necessary to sub­
tract the office wiring. This can be determined 
as described in Part 7. 

6.04 Tests of H88 loaded cable pairs can be 
used to estimate the amount of cable plus 

bridged tap in the distant end section, if the 
open-circuit impedance curves are normal. 

Fig. 19 may be used for this purpose. It is ap­
plicable only for high capacitance cable and only 
for H88 loading. Other arrangements do not 
produce one peak in the impedance curve for 
each loading coil. 

6.05 Pair length can be simulated by construct­
ing a model from the artificial cable kit 

which best matches the real pair on return loss 
tests. This method gives the greatest accuracy in 
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checking far end sections of loaded cable pairs. 
It may also be used to check improper spacing 
of loading coils and bridged tap between coils. 

6.06 Bridged tap between loading coils has the 
same effect as an excessively long loading 

section. The difference between the two irregu­
larities can generally be detected by comparison 
of the results with the cable schematic. 

6.07 Return loss measurements and compari-
sons are convenient for determining the 

length of very short cable lengths. The open­
circuit impedance may be too high for conven­
ient impedance measurement. 

7. EFFECT OF OFFICE WIRING 

7.01 When trouble location tests are made at 
points in the office other than the main 

distributing frame, it is desirable to know if the 
office wiring is sufficient to affect measurements. 
E'xcessive office wiring may occur due to cross­
connection of the test circuit through an inter­
mediate distributing frame, multiplying test 
positions through an intermediate distributing 
frame, the presence of unknown jumpers at the 
main frame and Central Office bridges. 

7.02 The average length of office wiring can be 
determined by seizing pairs for testing 

at scattered locations at the main frame and 
removing the heat coils. The office wiring length 
is then measured by the procedures described in 
Part 6. The average length of office wiring 
should be used to adjust pair length measure­
ments if it exceeds about 500 feet. 

7.03 If the average office wiring is substan­
tially greater, it is desirable to locate and 

eliminate the cause of the excess wire or to test 
at a different location, such as the main frame. 

7.04 If tests are made at a test desk and the 
Central Office end of a loaded cable pair 

appears to be too long, the pair can be retested 
over a direct MDF trunk of known length. This 

ISS 1, SECTION 330-450-507 

may reveal unknown jumpers or Central Office 
bridges. 

7.05 When tests are made at the main frame, 
it may be desirable to make tests with and 

without the heat coils in place. This will also re­
veal the presence of unknown jumpers or Cen­
tral Office bridges. A DC blocking capacitor is 
necessary in the test set. 

8. NOISE INDICATIONS 

8.01 Noise will sometimes be indicated by wid-
ening of the sweep trace. The noise signal 

level necessary to produce this condition is well 
above normal noise levels, but the noise may be 
at a frequency which will not affect transmis­
sion. Noise measurements should be made only 
with the 3A Noise Measuring Set equipped with 
a C-497 A network. The cable pair can be easily 
transferred to a 3A NMS for noise measure­
ment, if desired, by operating the NMS key on 
the accessory station arrangement. 

8.02 Noise displays may be due to faults or 
unbalanced conditions in the cable pair. 

These conditions may be detected as discussed 
in Part 3. 

8.03 If no faults are found as discussed above, 
the noise display may be caused by 60 cps 

voltage induced on the cable pair. This may be 
verified by making noise measurements with the 
3A NMS, first with C MSG weighting and then 
with 3 KC FLAT weighting. If the flat weighted 
noise is 15 db or more higher than the C MSG 
weighted noise, the display is probably due to 
60 cps voltage. The message weighted noise read­
ing should be used to decide whether the noise 
level will affect service. 

8.04 Widening of the trace due to 60 cps longi-
tudinal voltages can be remedied by con­

necting a repeating coil in the line at the sweep 
test set. Other tests should be made to determine 
the source of the 60 cps voltage. 
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SECTION 330-450-507 
APPENDIX A 

Issue 1, July, 1965 

ANALYSIS OF 

OPEN-CIRCUIT IMPEDANCE CURVES 

WITH VOICE-FREQUENCY SWEEP TEST SETS 

H88 LOADING PLAN 

1. This appendix illustrates some of the open-circuit impedance curves 
found during analysis of troubles in subscriber cable pairs equipped 
with 88 mh loading coils and using H spacing. The curves are typical 
of the types obtained with a voice-frequency sweep set covering the 
frequency range 200-4000 cps. The impedances shown are absolute 
magnitudes. The phase angles are unknown. 

2. There are many arrangements of cable pairs not shown here which 
.represent irregularities. Some of the illustrations do not represent 
irregularities. For example, a pair equipped with only two loading 
coils may be serving a PBX. The examples are chosen to aid in field 
analysis and suggest some types of troubles that should be checked. 

3. All illustrations involve 22- or 24-gauge high capacitance cable. Since 
the wire resistance has little effect on open-circuit impedance, other 
gauges of high capacitance cable will produce substantially the same 
results. 

4. Caution should be used if low capacitance cable is encountered. A 
loading section composed of low capacitance cable will appear to be 
somewhat shorter than a section of high capacitance cable of the 
same physical length. 

5. The figures are grouped on the basis of the number of peaks in the 
impedance curve. The groups are: 

Number of Peaks Figures 

1 1-5 

2 6-16 

3 17-32 

4 33-55 

5 56-78 

6 79-91 

7 92-93 
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SECTION 330-450-507 
APPENDIX B 

Issue 1, July, 1965 

ANALYSIS OF OPEN­

CIRCUIT IMPEDANCE CURVES 

WITH VOICE-FREQUENCY SWEEP TEST SETS 

H44 LOADING PLAN 

1. This appendix illustrates some of the open-circuit impedance curves 
found during analysis of troubles in subscriber cable pairs equipped 
with 44 mh loading coils and using H spacing. The curves are typical 
of the types found with a voice-frequency sweep test set covering the 
frequency range 200-4000 cps. The impedances shown are absolute 
magnitudes. The phase angles are unknown. 

2. H44 loaded cable pairs do not have as high impedances as similar 
H88 loaded pairs. Since the cutoff frequency of H44 loaded pairs is 
normally above 4000 cps, the sweep set does not show all the 
characteristics of the open-circuit impedance curves, and the curves 
cannot be analyzed in the same manner as for H88 loaded pairs. 

3. There are many arrangements of cable pairs not shown here which 
represent irregularities. Some of the illustrations do not represent 
irregularities. The examples are chosen to aid in field analysis and 
suggest some types of troubles that should be checked in an exchange 
where H44 loading is employed. 

4. All illustrations involve 22- or 24-gauge high capacitance cable. Since 
the wire resistance has little effect on open-circuit impedance, other 
gauges of high capacitance cable will produce substantially the same 
results. 

5. Caution should be used if low-capacitance cable is encountered. A 
loading section composed of low capacitance cable will appear to be 
somewhat shorter than a section of high capacitance cable of the 
same physical length. 

6. The figures are grouped on the basis of the number of peaks in the 
impedance curve. The groups are: 

Number of Peaks 

1 

2 

3 

4 

Figures 

1-10 

11-19 

20-30 

31-34 
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