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1. GENERAL 
1.01 This section describes methods of localized cross

talk balancing in 4-wire cable circuits. 
1.02 The principal changes made in the previous issue are: 

(1) the use of the 2A or 2B Noise Measuring Set in 
the balancing tests, (2) revised crosstalk coupling values for 
19-H-44-25 facilities and (3) information describing the cross
talk balancing of 19-H-88-50 4-wire facilities. 

1.03 The method in its entirety may be used in new cable 
installations consisting largely of 4-wire cable cir

cuits and in part in the maintenance of existing cable installa
tions. 

1.04 In cable installations the use of localized balancing 
for the reduction of crosstalk in 4-wire circuits in

volves a modified form of the capacitance unbalance test 
splicing procedure, together with the use of suitable balanc
ing condensers installed at a terminal of a particular repeate 
section under consideration. 
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I.OS In cable installations involving 19-H-88-50 4-wlre 
facilities the usual test splicing _procedure is followed. 

In some cases further crosstalk reduction may be necessary 
And this is obtained by localized balancing, involving the use 
of suitable balancing condensers installed at a terminal of 
r. particular repeater section under consideration. 

!. GENERAL METHOD ON NEW INSTALLATIONS 19-H .. 
44-28 FACILITIES 

Typu and Location of Cal,le Splice• 
2.01 Since the localized balancing method is only a ppli• 

cable to 4-wirc circuits only 6,000-foot loading sec
tions will be involved and further discussion will refer to 
6,000-foot loading sections. 

2.02 As outlined in Section G72.2251 usually three test 
splices arc required in each loae1ing section. Where 

the localized balancing method is employed on 19-H-44-2.5 
facilities however, a single test splice is used. 

2.03 A layout of a loading section of cable showing the 
type and location of the test points is shown in 

Fig. 1 for 750-foot and 1,000-foot lengths. 

750' R 750' R 75(1 R 750' F 750' R 750' R 75ff R 750' ~------~ 
1000' R 1000' R 1000' F 1000' R 1000' R 1000' ~----~ 

R s:: Random Splice 
F = Final Test Splice 
L = Loading Coil 

F~ .. I 

Teatiq and Splicinar Procedure 
2.04 The random splices should be made in the usual • 

manner. 
2.05 The phantom-to-side and the side-to-side unbalance• 

In the cable portions at the final test splice should 
be measured and recorded in the usual manner for the 2-wire 
quads. 

2.06 On the 4-wire quads only ·the phantom-to-side un• 
balances should be T11easured and recorded. 
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2.07 Next the 2-wire quads should be matched in accord• 
ance with the method outlined below. In general 

with this method of test splicing, a quad in Direction A !hould 
be spliced to a quad in Direction B having unbalances of the 
same magnitude. In addition, the two quads should be in 
different classes, that is, one should be a positive and the other 
a negative quad. The procedure consists in starting with the 
first quad in Direction A ( which may not necessarily be the 
quad having the highest unbalance value) and selecting a quad 
in Direction B which will effect the best unbalance neutraliza
tion. The quads in Direction A are usually taken in order. 
that is, 1, 2, 3, etc. If during this process quads in Direction 
A are found whose unbalances are of such magnitude as to 
make it impossible to effect satisfactory neutralization with 
the available quads in Direction B, the Direction A quads 
should be noted for further investigation. In this way, there 
will be a few quads having unbalances c,f such magnitud~ as 
to make it impossible to obtain saiisfactory neutralization. 
After all except these few quads have been matched they 
should be matched with the remaining quads in Direction B 
in such a way as to obtain the lowest possible resultant 
unbalances. 

2.08 The method of "doping" the unbalance sheets can 
best be illustrated by examples. Fig. 2 indicates a 

group of quads spliced in accordance with this method. 
2.09 In "doping" the data sheet shown in Fig. 2 the first 

step is to determine which quad in Direction B will 
neutralize Quad 1 in Direction A in the manner indicated in 
paragraph 2.07. It is noted that Quad 1, Direction A, is a 
positive quad and a negative quad having unbalances of ap
proximately the same magnitude should be selected. An in
spection of the quads in Direction B indicates that Quad 11 
meets these requirements fairly well. As indicated by the data 
sheet, the quads are spliced reverse, straight, straight. 
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2.10 Next it is determined which quad in Direction B 
will best neutralize Quad 2 in Direction A. It is noted 

that Quad 5 in Direction B is a quad having unbalances of 
the same order of magnitude. However, it is also a positive 
quad. A further inspection indicates that since the S-S unbal
ance of Quad 5 is only +s mmf. it still affords the best 
neutralization of Quad 2. The connection of the two quads is 
as indicated, straight, straight, straight. 

2.11 Quad 3 in Direction A is next investigated and the 
process is repeated with 4, S, 6 and 7. Next Quad 8 is 

considered. However, an inspection of the remaining quads 
available for use in Direction B indicates that it is impossible 
to effect satisfactory reduction with any one quad. For the 
time being it is best not to consider Quad 8, making note of 
it and passing on to Quad 9. It will be noted that Quad 9 
represents a case similar to Quad 8, and this quad is also set 
aside and Quad 10 is next considered. Satisfactory reduction 
of Quad 10 is obtained by using Quad 4 in Direction B. 

2.12 The process indicated in the preceding paragraphs 
is repeated until all of the quads in Direction A have 

been investigated. Next the procedure is to take the quads 
which have been set aside for the reason that proper unbal
ance neutralization cannot be obtained. These quads in Direc
tion A are 8, 9 and 20. The remaining quads in Direction B 
to be used for neutralizing these are Quads 13, 15 and 19. 
An inspection shows that Quad 8 can be best neutralized by 
Quad 19, Quad 9 by 13 and Quad 20 by 15. The connections 
are indicated on the data sheet. 

2.13 The usual capacitance unbalance limits given should 
be observed in matching the 2-wire quads and, if the 

resultant unbalances are in excess .;)f these limits, loading 
section balancing units should he employed as described in 
other current information to bring the unbalances within thf. 
allowable limits. The usual check tests should, of course, be 
made to determine whether the necessary neutralization of 
unbalances has been obtained. 

2.14 The 4-wire quads should next be matched and spliced 
having in mind the reduction of only the phantom• 

to-side unbalances and with a view of obtaining the minimum 
average unbalance per group. This matching process should 
be carried out in the usual manner except that n considera• 
tion need be given to the side-to-side unbalances. The neu• 
tralization is accomplished by first matching a quad having 
the highest unbalances in one direction to one having the 
highest unbalances in the other direction and then proceeding 
to the next highest, etc. The elimination of the consideration 
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of the side-to-side unbalances should rualt in great 11unpti
fication in the matching process, since no attention need be 
given to positive or negative quads. ~o loading section bal
ancing units should be employed on the 4-wire quads, and 
with such a procedure it will not be possible to adhere to any 
specific capacitance unbalance limits. 

2, 15 Phantom-to-side and also side-to-side check tests 
should be made on the 4-wire quads. The side-to

side check tests are made only for the purpose of detectinl{ 
any splits and, therefore, it will not be necessary to record 
the side-to-side unbalances. 

Terminal Balancinar (4-Wira Quada) 
2.16 After the 4-wire quads have been loaded, Ph-S.. 

S.-Ph, Ph-S., SrPh, and S-S far-end crosstalk cou
pling measurements should be made on these quads over the 
repeater section of outside cable from main frame to main 
frame. The method of making these mt:asurements is covered 
in other current information. Care should be taken in the 
course of these tests to make the necessary wire turnovers 
between the oscillator and testing apparatus and the cable 
pairs, in order to make sure t!iat the testing apparatus and 
wiring is not a source of crosstalk. Record the crosstalk 
coupling measurements in the first, third, fourth and fifth 
columns of a form simrlar to that of Fig. 5 described in 
Part 4. 

2.17 Using the chart of Fig. 3, determine and record in 
Column 6 of Fig. 5, the crosstalk units conesponding 

to the db values given in Column 5 . 

• 
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RELATION BETWEEN 
CROSSTALK UNITS AND DECIBELS 

Crosstalk Units db. Cros~lk Units 

500 

db-. 

66 
65 
64 
63 

62 
61 
60 
.59 
58 
57 
56 
55 
54 
53 
52 

51 
50 
49 
48 

30-=C91 ~: 
40+88 

--=1--a1 
50 

60 

70 

80 

150 

200 

300 

86 
85 
84 

83 
82 

81 
80 

79 
78 

77 
76 

75 

74 
73 

72 
7i 
70 

69 
400 68 

--3---67 
500---3.._66 

Fis. 3 

600 

800 
900 

1000 

1500 

2000 

3000 

4000 

-47 
5000+46 

6000 ---=i-45 

7000 -=C~ 
8000±42 
9000 41 

10000 40 

I I 

2.18 Determine the average crosstalk coupling in crosa-
talk units for all phantom-to--side combinatione. aid► 

to-phantom combinations, and side-to-side combinations. 
respectively. Determine the maximum phantom-to-aide.. sido
to-phantom and side-to-side crosstalk coupling values ia 
crosstalk units, respectively. 
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2.19 In case the average values or the maximum valuea 
or both are in excess of the recommended tolerable 

values of Table 1, crosstalk reduction will be necessary aa 
outlined in succeeding paragraphs. 

Length 
of Rep. 
Section 
~ 

30 
40 
50 
60 

2.20 

piing. 

TABLE 1 

19-H-44-25----+Wire Fllcilitiea 

CrOMtalk Coapling in Croestallc Unita 

P-S S-P S-S 
Ave. Max. Ave. Max. ~ ~ 
225 850 300 1150 150 1000 
250 825 365 1200 170 1000 
265 800 425 1250 190 1000 
280 750 485 1350 210 1000 

Assuming that further crosstalk reduction is desired, 
select the quad having the greatest crosstalk cou-

2.21 Connect the testing apparatus shown on Fig. 4, de-
tails regarding which are contained in other current 

information, to this quad. Either a 3A or 4A capacitance un
balam:e set may be used. In connecting in the capacity unbal
ance set, care should be taken to connect the White and its 
Mate biriding posts to the tip and ring respectively of Side 1, 
and the Black and its Mate binding posts to the tip and ring 
respectively of Side 2. 
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2.22 Assume that the Ph-S, crosstalk coupling for the 
quad being tested is of the highest magnitude. With 

the oscillator at the sending end operating on the phantom 
circuit and the noise measuring set connected to S., Sf:t the 
keys of the capacity unbalance set for the particular com• 
bination which is being measured (in thiJ case Ph-Sa). 
Next adjust the measuring set condensers (the measuring act 
condensers referred to include the variable condenser as well 
as the key operated condensers) of the capacity unbalance 
set in a manner similar to that employed in ordinarr capac
itance unbalance measurements until the volume of the tone 
heard in the telephone set plugged into the monitoring jacks 
associated with the noise measuring set reaches a minimum. 
This minimum should also be determined by following the 
changes in the volume of the tone by actual measurement 
with the noise measuring set. 

2.23 The reading of the capacity unbalance set which is 
made in the usual manner 11hould be recorded both in 

sign and magnitude in Column 7 of a data sheet similar to that 
of Fig. 5. Also record the noise on the disturbed circuit for 
this value of unbalance in Column 9. Next turn over the leada 
of the capacity unbalance set, that is connect the White post 

. of the set to the ring of S1 and its Mate to the tip of S1 and 
repeat the measurements. The values read should be approxi
mately the same as formerly but with opposite sign and If 
not, it would indicate that the capacity unbalance set was not 
properly adjusted. 

2.24 Determine in a similar manner the minimum volume 
of tone for S.-Ph and record the capacitance unbalance 

reading both in magnitude and sign in Column 7. In this case 
the capacity unbalance set should be adjusted for a Ph-Sa 
measurement. Also record the minimum noise on the dis
turbed circuit for this value of unbalance in Column 9. 

2.25 Determine the average of the Ph-S, reading and the 
S.-Ph reading, taking :into account the signs as well 

as the magnitudes. Record this anrage value both in sign 
and magnitude in Column 8 of the data sheet. 

2.26 Adjust the capacity unbalance set to the average or 
mean value just determined and measure the re

sultant Ph-S. and SrPh crosstalk coupling. Rf:cord the results 
of the measurements in Columns 10, 11 and 12 of the data 
ehcet. 

2.27 Inasmuch as the Ph-S. and S,-Ph and the S-S cross
talk can probably be improved by balancing with 

!ittle additional work which should rf:sult in a lower average 
crosstalk coupling, determine the beat balancing capacitance 



for Ph-S1 and S1-Ph as outlined in paragraphs 2.22 to 2.26, 
inclusive. Also do the same for S-S. It will, of course. be 
necessary in these cases to set up the apparatus respectively 
for a Ph-S1, Si-Ph and S-S crosstalk coupling measurement 
The capacity unbafance set, however, should be connected in 
the circuits in the manner indicated in Fig. 4 with the keys 
of the set properly adjusted. For the S-S measurement only 
one setting of the capacity unbalance sd need be made since 
the Si-St crosstalk coupling should be practically identical 
with the Sr-S1 crosstalk coupling. 

2.28 Select the· quad having the next highest crosstalk 
coupling and proceed in a similar manner as outlined 

in paragraphs 2.21 to 2.27, inclusive. Continue this procedure 
until the correcting capacitances for ~nough quads have been 
determined that after such correction is ap~-Iied it is pr-ob
able that the average and maximum values of the crosstalk 
coupling for the entire group of quads will fall within the 
tolerable values given in paragraph 2.19~ In this connection 
it will expedite matters to keep a running check of the aver
age and maximum values as the crosstalk for the different 
quads is reduced by the mean balancer. 

2.29 After the proper balancing capacitances for the vari-
ous quads requiring reduction have been determined, 

the size and connections of the balancing condensers should 
be determined in the same manner as outlined in other cur
rent sections of Bell System Practices relating to the loading 
section balancing units. 

2.30 In view of the relatively large balancing capacitances 
which will ordinarily be required, the spool type 

adjustable balancing condensers described in- other current 
sections 3hould in general be used for this localized cross
talk balancing. 

2.31 These condensers should be vrepared for installation 
and adjusted to the desired capacitance values as de

scribed in other current information. 
2.32 Next the condensers should be connected temporarily 

to the proper wires of each quad on which balancing 
is required. 

2.33 After the connections are made far-end Ph-S1, Ph-S .. 
Si-Ph, SrPh and S-S cros!Jtalk coupling· measure

ments ~hould be made (with the capacity unbalance set re
moved from the circuit), in order to determine if the proper 
reduction is obtained. The results of the measurements should 
be recorded in Columns 13, 14 and 15 of the data !beet. 

Adden• 
dum 
G72.225 
Paae 11 

CABLE TESTING 
LOCALIZED BAUNCING FOi 
REDUCTION OF CROSSTALK 

IN 4-WIRE 
CABI.£ CIRCUITS 

_) 



Paae 12 

2.34 Using the chart of Fig. 3, determine and record in 
Column 16 of the data sheet the crosstalk units cor

responding to the db values given in Column 15. 
2.35 In case the crosstalk reduction obtained is not ap

proximately the same as calculated, the calculations 
and connections should be checked for errors. 

2.36 After the units have been permanently installed and 
the splice wrapped up preparatory to wiping on the 

sleeve, the far-end crosstalk CQUpling measurements discussed 
in paragraph 2.33 should be repeated in order to make sure 
that the balancing capacitances have been installed properly. 
The results of the measurementc; need not be recorded but 
merely checked against those recorded in Columns 13. 14, 
15 and 16. 

3. GENERAL METHOD ON NEW INSTALLATIONS 19-H-
88-50 FACILITIES 

3.01 As indicated in paragraph 1.05 it is assumed that the 
usual test splicing procedure will have been carried 

out on the 19-H-88-50 4-wire facilities. 
3.02 In order to determine the necessity of futther cross-

talk reduction make Ph-Si~ Si-Ph, Ph-S,, SrPh and 
S-S far-end crosstalk coupling measurements from main 
frame to main frame as outlined in other current infor
mation. Care should be taken in the course of these tests to 
make the necessary wire turnovers in order to make sure 
that the testing apparatus or wiring is not a source of cross
talk. Record the results of the measurements in the first, 
third. fourth and fifth columns of a form similar to that of 
Fig.!;. 

3.03 Using the chart of Fig. 3 determine and record in 
Column 6 the crosstalk units cor:responding to the 

db values given in Column 5 . 
. 3.04 Determine the average crosst~lk coupling in cross 4 

talk units for all phantom-to-side combinations. sidc
to-phantom combinations and side-to-side combinations. 
respectively. Determine the maximum phantom-to-side. side
to-phantom and side-to-side crosstalk coupling values in 
crosstalk units, respectively. 

3.05 In case the average values or the maximum values 
or both are in excess of the recommended tolerable 

values given in Table 2, crosstalk reduction will be necessary 
~s outlined in paragraphs 2.20 to 2.34, inclusive. 
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.l"ABLE 2 

19-H-88-50----<4-Wire Facilities 

Length Crosstalk Coupling in Crosstalk Unit• 
of Rep. P-S S-P S-S 
Section 
Mile,, Ave. Max, Ave. Max. Ave. Max. 

30 250 950 310 1125 150 1000 
40 280 925 350 1175 170 1000 
so 300 900 400 1200 190 1000 
60 310 875 450 1225 210 1000 
70 320 850 500 1275 225 1000 

4. GENERAL METHOD ON EXISTING INSTALLATIONS 
t0l Because of road changes, cable failures, etc., it is 

sometimes necessary to reroute or replace sections 
of cable containing 4-wire circuits. Where such reroutes or 
replacements are made the initial capacitance unbalance con~ 
ditions may be upset and serious crosstalk may result. In 
such cases, localized balancing may be employed on the 
4-wire circuits for reducing the crosstalk. 

4.02 In order to determine the necessity of crosstalk im-
provement, make Ph-S,, S,-Ph, Ph-S,, SrPh and S-S 

far-end crosstalk coupling measurements on the 4-wire quads 
from main frame to main frame as outlined in other current 
information. Care should be taken in the course of these tests 
to make the necessary wire turnovers in order to make sure 
that the testing apparatus or wiring is not a source of cross
talk. Record the results of the measurements in the first, 
third, fourth and fifth columns of a form similar to. that of 
Fig. 5. 

4.03 Using the chart of Fig. 3, determine and record in 
Column 6 the crosstalk units corresponding to the 

db values given in Column 5. 
4.04 Determine the average crosstalk coupling in cross-

talk units for all phantom-to-side combinations, 
side-to-phantom combinations and side-to-side combinations, 
respectively. Determine the maximum phantom-to-side, side
to-phantom and side-to-side crosstalk coupling values in 
crosstalk units, respectively. 

4.05 In case the average values or the maximum values 
or both are noticeably in excess of the values given 

in Tables 1 and 2, crosstalk reduction will be necessary, as 
outlined in paragraphs 2.20 to 2.34, inclusive. 
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5. LOCALIZED CROSST ALIC BALANCING DAT A SHEET 
5.01 Reference has already been made to a data sheet for 

recording the results of measurements made in con
nection with localized crosstalk balancing. A copy of a sug
gested data sheet is given in Fig. 5. Some actual test data 
have also been recorded in order to indicate how to use such 
a form. 

Cab\e_ft 

·LOCALIZED CROSSTALK ·1i'i>.LANCING ON 4-WIRE CIRCUITS 
MEASUREMENT OF BALANCERS REQUIRED 

,,,., 

01:TERMINATION 01' BALANCING CAPACITANCE'.$ 

f-t1oasurin1 End r:;o., 
CROSSTALK co!SPUNQ WJTH 

BALANCING C0NO£l,,ISERS 
INST~LU:D 

PINAL 
CROSSTALK 
COUPUNQ 

Si· PH ,-,,('y .t;"''7iJ. -o,I 7;,<J,., - _.,,.., r-1, q, /">'f,<1 u. ,,., t, ',_r ll1'.3 .-.- ~!'\;, 

Pfl-S2 ,..u .,;7.;:..,1'711 ,,,._,- -So LL-::t S 1),71' :1.11,c6 "-·tJ !r>,7,P H;~ll ,_ 0 ,,,,. 

S;;,•PH )'jy' 50 . .S-;~t/,? 11 ... -/on -7.J Ur.:d- • ':"' 3J'J ",i:! ,17.J,t; ?,f/_ >7.~ U<fl. 

Pll•S1 

PII-S1 
S1·PH 
PH· S2 

S1-S2 

PH· S1 
S1-PH 
PH· S2 

S1-5.2 

PH-St 

Nate:- O'ING Disturbing Circuit 
0'£0 - Disturbed C!rcuil 

BAL'R • Balancer 
CU - Crcsstalk Un115 
• db above ref•r~ noae(M.Mqo Wtlstlllnili) 



5.02 In view of the expected relatively small demand m 
the near future it is suggested that forms similar 

to that of Fig. 5 be made up locally. 
5.03 At the top of the data sheet are spaces for recording 

the particular section and the location of the measur
ing end. The number of the quad being tested should be re
corded in Column 1 of the form. The results of the initial 
crosstalk coupling measurements should be recorded in 
Columns 3, 4 and 5. The noise in db above reference noise on 
the disturbing circuit is recorded in Column 3 and the noise 
on the disturbed circuit in Column 4. The crosstalk coupling 
in db which is the difference betwe~n Columns J and 4 fo 
recorded in Column 5, the corresponding values in crosstalJ. 
units being recorded in Column 6. 

5.04 The amount of capacitance introduced by the capac-
ity unbalance set for the minimum crosstalk coupling 

3hould be recorded in Column 7. Also the noise on the dis
turbed circuit with this value of capacitance should be re
corded in Column 9. The average of the Ph-S and S-Ph mmf. 
values is recorded in Column 8. The noise on the disturbing 
:ind disturbed circuits with the capacity unbalance set ad
justed to a value equal to the meaa or average balancing 
capacitance is recorded in Columns 10 and 11, respectively, 
and the crosstalk coupling which is the difference betwee1i 
these two values is recorded in Column 12. 

5.05 The noise on the disturbing and the disturbed cir-
cuits v,dth the adjustable balancing condensers actu

:llly connected to the proper wires of the quad i3 recorded 
in Columns 13 and 14. The final crosstalk coupling which i8 
the difference between the values recorded in Column.11 13 
and 14 is recorded in Column 15 and the corresponding value1 
in crosstalk units are recorded in Colti1mn 16. 
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