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1. GENERAL 

1.01 This section covers the methods of test- 

ing and operating the 16Cl telegraph re- 
peater. It applies to operation over one or 

two line circuits for all methods of operation 
for which the repeater is suitable. It is as- 

sumed that the line (both lines if neutraliz- 
ing wire is used) has been tested for continu- 

ity, is connected to the repeater and is ter- 

minated at the distant ond by the equipment 

assigned to the circuit; also that the relays 

have been tested and adjusted in accordance 
with the appropriate B.5.P. sections, and that 

the LINE, OPN 1, and OPN 2 switches are oper- 
ated to the positions designated for the type 

of operation to be used. The LINE switch has 

three positions, designated 1W, 1W60%, and 2W, 
for l-wire operation, l-wire with the 60-cycle 
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filter connected, and for e-wire operation 
(with neutralizing wire), respectively. The 
positions of the OPN 1 and OPN 2 switches are 

as follows: 

  

Polarential OPN 1 OPN 2 

Type A Polar Send PSA PS 
Polar Rec. PRA PR 

Type B Polar Send PB PS 

Polar Rec. PB PR 

Differential Duplex 

Bat. Line 

Norm. Norm. PB DX 

Rev. Norm PRA DX 

Norm. Rev. PSA DX 

Effectiveness of 60% Filter and Neutralizing 
Wire 
  

1.02 When starting service on a 2-wire cir- 

cuit or one involving the 60-cycle fil- 
ter, or whenever trouble is suspected, a test 
of the effectiveness of the neutralizing wire 

or filter should be made by the following 
procedure: 

(1) The local 1601 repeater and the dis- 
tant repeater or teletypewriter set 

should be lined up according to the proce- 
dures specified for the line and type of 
operation. 

(2) Arrange for transmission of teletype- 

writer test signals from the remote 

terminal and connect the output of the 

home repeater to suitable transmission 

measuring equipment. If l-wire operation 

with 60-cycle filter is provided, observe 
the distortion in the received signals 
while the LINE switch is operated alter- 

nately to the 1W and 1W60m positions, dis- 
regarding any transient distortion pro- 

duced by operation of the switch. Sub- 
stantial reduction in any distortion due 

to 60-cyele line interference should occur 

with the switch in the latter position. 

(3) If 2-wire operation is provided, ob- 
serve the distortion in the received 

Signals while the LINE switch is operated 
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alternately to the 1W and 2W positions, 
disregarding any transient distortion pro- 

duced by operation of the switch. Sub- 
stantial reduction in the distortion due 

to all kinds of line interference should 
occur with the switch in the latter posi- 

tion. Better results should be obtained 
in the 2W position than inthe 1W60% posi- 
tion, even though the interference is due 
to 60-cycle currents. 

(4) A rough check for longitudinal balance 
of a 2-wire system can be made in the 

absence of line interference and without 
transmission testing equipment by means of 
the 163-type test set. Connect the test 
set as for the duplex balance test de- 
scribed in Paragraphs 2.09 and 2.10. Note 
the duplex balance of the resistance branch 
and the timing branch of the No. 1 network 
against the No. 1 line by observing the 
reaction of the meter totransmitted steady 
marking and spacing signals and to slow or 
fast dots. Readjust the network, if nec- 
essary, in order to obtain a high degree 
of duplex balance. Interchange the con- 
nections between the repeater and lines 
No. 1 and No. 2. Repeat the check of du- 
plex balance, noting the balance of the 
No. 1 network against the No. 2 line. Sim- 
ilar results (with a high degree of duplex 
balance in each case) indicates longitudi- 
nal balance between the No. 1 and No. 2 
lines, including their respective termina~ 
tions in the remote repeater, Longitudi- 
nal balance within the home repeater is 
indicated (roughly) by a test similar 
to that just described at the remote re- 
peater. 

(5) If the remote termination is a 128B 
set, interchange the connections be- 

tween the repeater and lines No. 1 and 
No. 2 at the remote repeater and repeat 
the check of duplex balance at the home 
repeater, 

(2) Make a varley measurement of the local 
telegraph repeater and of the lines 

terminated in the distant repeater. In- 
vestigate any unbalance greater than 10 

ohms by repeating the varley measurement 

with the lines grounded at various points. 

(In exceptional cases, a greater unbalance 

may not indicate a trouble, because of 
manufacturing variations in equipment; for 
instance, the two windings of a 158A re- 
tardation coil may differ 5 ohms.) 

(3) Connect the Y axis of the oscilloscope 
to line 1, the ground post to ground, 

and turn the synchronous signal selector 

to External. Adjust the Y-axis gain to 

make the peak vertical trace, due to in- 
terference, span two large divisions. 

(4) Without disturbing the Y-axis gain, 
change the connection of the Y axis 

from line 1 to the corresponding point of 
line 2, 

(5) If the peak vertical trace is not the 
same as that of Step (3), thus indi- 

cating that the magnitudes of the inter- 

ference are different in the two wires, 
repeat (3) and (4) and investigate the 
cause of the difference by grounding the 

two wires at various points. 

(6) If the magnitudes of the interference 
in the two lines are the same, check 

the relative phases by connecting line 1 
to the X axis and adjusting the X-axis 
gains to cause the resulting figure to 
slant about 5°. If there is no phase 
difference, this figure is astraight line. 
Phase difference causes it to be a circle 
or ellipse. The departure from a straight 
line which is tolerable depends on the 
magnitude of the interference, and so no 
limits can be given. 

2. DESCRIPTION OF TESTS AND ADJUSTMENTS 

1.03 If a cathode-ray oscilloscope is availa- 
ble, a more accurate method of test- 

ing the balance between the two lines is as 2.01 The following apparatus will be required 
follows: in making some of the tests: 

Additional Apparatus Required 
  

(1) At the polar sending end, remove the 
send relay and with a clip lead con- 

nect the No. 1 terminal of the send relay 
terminal block through 128 ohms to ground. 
At the polar receiving end, block the send 
relay to the mark position. 
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163A1 or 163A2 Test Unit (Balanced Loop 
Applique) 

163F1 Test Unit (1sh-Type Coupling Unit) 
165C Plug (dummy) or equivalent open plug 
118-Type Transmission Measuring Equipment or 
161A1 Telegraph Station Test Set 
100A Test Distributor (at subscriber station)



(A) Loop Current Adjustment 

2,02 With balanced loop applique, adjust the 

loop currents of the sending and receiv~ 

ing loops in accordance with Table 1 below by 

turning the rheostats by means of the screw- 

driver. Turning the loop rheostat in a clock- 

wise direction decreases the resistance of the 

Loop circuit and increases the current. 

  

Table 1 

Sum of 1130V 
Battery Voltages Loop Current 

270 65 ma 

260 62.5 " 
250 60 " 

With lj-Type Coupling Unit - No Adjustment 

(B) Type BPolarential = Polar Sending 

L Pad Switch 

2.03 Operate the L PAD switch to a position 
designated with the resistance value in- 

dicated in the following table, within the CX 
BAL OUT sector if the line is not equipped 

with composite sets, or within the CX BAL IN 

sector if the line is equipped with composite 

sets. 

Line Res. External 
to the Terminal Res. Setting of 

  

Repeaters* L PAD Switch 

Under 00 ohms 50 
00-800 ohms 300 
800-1200 ohms 150 

Over 1200: ohms 0 

% The measured or computed resistance from test- 
board-to-testboard or from testboard to line 

terminal of a 128B2 set including entrance 
cables and composite or simplex coils. 

APEX Switch 

2.0) Operate the APEX switch to a position 
appropriate to the line resistance and 

remote terminal equipment. Use the switch 
settings covered in the table below when the 

remote terminal is a 16Cl or 16Bl repeater and 
resistances of the entrance cables at the two 

terminals differ by less than 100 ohms. De- 
crease switch settings by 200 ohms when en- 

trance cable resistance at the polar sending 

terminal exceeds that at the polar receiving 

terminal by 100 ohms or more. Increase switch 
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settings by 200 ohms when entrance cable re- 
sistance at the polar receiving terminal ex- 

ceeds that at the polar sending terminal by 

100 ohms or more. 

  

Line Res. between APEX Switch 
Terminal Repts. Setting 

Under 600 ohms 800 
600-1000 ohms 1000 

1000-1200 ohms 1200 

1200-1,00 ohms 1,00 

1400-1650 ohms (Max. ) 1600 

2.05 Operate the APEX switch as indicated in 
the table below when the remote terminal 

is a 128B2 teletypewriter subscriber set. Mod- 
ify the switch settings for unequal entrance 

cable resistances at the two terminals as de- 

scribed in Paragraph 2.0) above. 

  

Line Res. between APEX Switch 

Rept. and Sub. Set Setting 

Under 600 ohms 600 
600-1200 ohms 800 

1200-1;00 ohms 1000 

100-1650 ohms (Max. ) 1200 

2.06 Line up the repeater for Type B polar- 
ential polar sending transmission by ad= 

justing duplex balance, bias current and equal= 
ization if required. This line-up shouldpref- 
erably be made when there is no leakage on the 

line. If it is necessary to line up the sys- 
tem when leakage is present on the line, pro- 

ceed in the same way as described below, and 
check the need for later readjustment as de- 

scribed in Paragraph 3.01. 

2.07 Make preliminary or estimated settings 

of the network and equalizer controls if 

information on which to base such settings is 

available. Otherwise it is suggested that the 

controls be centered. This is to reduce the 

amount of hunting required in reaching final 

adjustment at both terminals. If it is not 
intended to employ equalization, operate the 

EQL rheostat to the OFF position. The BIAS 
rheostat may be set in the extreme clockwise 

position for the convenience of holding the 

local receiving circuit ina marking condition. 

Balance 

2.08 Connect the meter of the 163-type test 
set in the BAL 1 jack. Connect the tel- 

egraph key of the test set in the MON jack if 

a coupling unit is used for local termination, 
or in the S LOOP jack of the associated bal- 

anced loop applique if such equipment is being 

used for local termination of the repeater. 
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The balanced loop applique, if provided, should 

be conditioned for half-duplex operation dur- 

ing the use of the test set for line-up and 

commnication over the line, 

2.09 While opening and closing the telegraph 
key slowly, adjust the BAL RES rheostat 

so that the same steady reading of the meter 
is obtained in both positions of the telegraph 

key. This provides for duplex balance with 
respect to direct currents. If line interfer- 

ence is present care mst be used to distin- 

guish between any disturbance of the meter due 

to the interference and the steady change in 

reading which follows the input signal condi- 

tion when resistance unbalance is present. 

2.10 Adjust the timing branch of the network 

by means of the C BAL switch and the TIM 

RES rheostat so that the kicks of the meter 

which accompany operation of the telegraph key 
are reduced to a minimum. Rough adjustment 

can be made during the transmission of slow 

dots. Try several positions of the C BAL switch 
in two or three mf steps, and find the best 
setting of the TIM RES rheostat for each of 

the C BAL switch positions. Retaining the 

combination which appeared best, refine the 

balance by successive readjustment of the C 

BAL switeh and the TIM RES rheostat while 
sending trains of rapid dots, If the change 

in meter deflection due to transmitted signals 

can not be reduced to a small amplitude by ad- 
justment of the timing branch, change the com- 

posite set balancing elements of the network 

by operating the L PAD switch into the oppo- 

site sector from that adopted in the prelimi- 

nary setup. Readjust the BAL RES and the tin- 
ing branch as described above. Retain which- 

ever combination of L PAD switch position and 

timing branch adjustment gives the best bal- 

ance. Care must be used throughout the proc- 
ess to distinguish meter reactions due to the 

transmitted signals from those which may be 

caused by line interference. 

Bias Current Adjustment 

2-11 Procedure: 

(1) Insert the meter plug of the 163-type 
test unit in the BAL 1 jack. 

(2) Obtain from the polar receiving re- 
peater or set at the distant end of 

the line a steady spacing signal and re-~ 

cord the meter indication, 

(3) Insert the meter plug into the BIAS 
jack and adjust the BIAS rheostat by 

means of the screwdriver until the meter 

reading is the same but opposite in direction 
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to that recorded in (2). This adjust- 
ment is only approximate but permits com- 

munication over the circuit. Tf sig- 

nals can not be received in test (}) be-~ 
low, it may be due to earth potential dif- 

ference; a better value for this initial 
setting, then, is the algebraic difference 
between the indications for a steady mark 
and space.) 

(4) Make a more accurate adjustment of the 
bias current as follows. Obtain from 

the distant station unbiased miscellaneous 

test signals. Measure the bias in these 
signals by means of a 118-type transmis- 
sion measuring set or by means of the ori- 

entation range of a monitoring teletype- 

writer. Remove the bias by adjusting the 

bias current. From a subscriber's sta- 
tion, if there is no transmitter-distributor, 
obtain a repeated O signal from a 100A 

test distributor or a repeated R signal 

from a locked-in teletypewriter. The 118- 
type set indicates one-half of the actual 

bias for the O signal and1.5 times the 
bias for the R signal. Recheck the bias 

current adjustment after each change in 

setting of the home equalizer. 
  

  

ualizer Adjustment 

2.12 Procedure: 

(1) At offices with Nos. 2 and 9B service 
boards, connect a 161Al1 telegraph sta- 

tion test set to the 16C1 repeater by the 
following patches, which will be described 
in more detail in Bell System Practices con- 

cerning these service boards. Patch fromthe 
LEG jack associated with the 16Cl repeater 
through a leg patch cord, a second leg 

patch cord, a trunk to the facility posi- 

tion, and a trunk from the facility posi- 

tion to the equipment aisle. Terminate 
the first leg patch cord ina spare hub 
potentiometer. 

(2) Before making equalization tests in 
these service board offices, determine 

by local test that the transmission through 

the trunk between the service and facility 

positions is satisfactory. 

(3) If the distant terminal of the line is 
in a telegraph repeater station, fol- 

low procedure (1), below; if it terminates 
in a subscriber's office, follow proce- 
dures (5) to (9). 

(4) Obtain from the distant station test 
sentence signals with 20 per cent 

switched bias impressed on them by means



of a 119C telegraph signal biasing set. 
Adjust the EQL resistance for minimum dis- 

tortion indication of a 118type telegraph 

transmission measuring set. If the 119C 

set is not available at the distant sta- 

tion, test first with signals biased 20 
per cent steady marking, then 20 per cent 

steady spacing, by means of a 119A or B 

set, and set the EQL resistance half-way 
between the two settings determined. If a 

118-type set is not available, a 16141 
telegraph station test set may be used; 

follow procedures (6) to (9), testing with 
unit mark biased 20 per cent spacing and 
Letters biased 20 per cent marking in ad- 

dition to the other test signals specified. 

(5) If there is a transmitter-distributor 
at the subscriber station, follow pro- 

cedure (1) above, but test with unbiased 
signals. 

(6) If there isno transmitter-distributor, 
obtain the following signals in turn 

over the circuit from a LOOA test distrib- 

utor, or equivalent, at the distant terminal: 

Unit mark, Blank, T, 0, M, V, and Let- 
ters, at the speed at which the circuit 
is to operate. Each signal should be 

repeated a sufficient mumber of times 

for a measurement to be made, before 
starting the next signal. 

(7) Measure the received signals by means 
of a 161A1 or i18-type transmission 

measuring set, andsubtract, algebraically, 
the distortions of the O signal from that 

of the other signals. (The indicated dis- 
tortion of the 0 signal is very nearly the 

circuit bias, one-half the bias in the 
118-type set.) 

(8) Adjust the EQL rheostat to make the 
largest of the differences obtained as 

in (5) a minimm. With no equalizer, the 
difference is apt to be a maximum for the 

signals biased 20 per cent, but when the 
circuit is equalized, the maximum differ- 
ence may be found in another signal. For 

more detailed information, see Bell System 
Practices concerning the 161A1 set. The 
following example illustrates test results 

which might be obtained before and after 
equalization: 

Blank T O M V Letters 

Before equalization 12 9 2 1-6 -11 
After " ho2 1 -k - 3 
Corrected for bias h 2 0-1-6 -5 
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(9) If a test distributor is not availa- 
ble, teletypewriter keyboard signals 

may be used for equalizing, provided the 
calibration error is small as determined 
by the procedure in another’ section. 

They should not be used without prior 
calibration. 

2.13 After the adjustments described above 
have been made at both terminals of the 

system, recheck the adjustment of each control 

in turn in order to make minor corrections 

which may be necessary due to the change in 

the remote terminal. Recheck the resistance 

and timing branches of the network after each 

change at the remote terminal, until the de- 
sired degree of duplex balance is obtained at 
both terminals, with line currents within the 
prescribed limits. 

(C) Type B Polarential - Polar Receiving 

2.14 Line up the repeater for Type B polaren- 

tial polar receiving operation by ad- 

justing duplex balance and equalization if 

required. 

(1) Operate the L PAD switch as described 
in Paragraph 2.03 and adjust the bal- 

ance per 2.08 to 2.10. 

(2) Recheck the duplex balance of the re- 
peater after any change in the adjuste 

ment of the APEX switch or major. change in 
the balancing network at the remote polar 

sending repeater. 

(3) If equalization is required proceed as 

described in Paragraph 2.12, except 

that any small duplex unbalance at the re- 

mote terminal due to a change in equalize 

er setting f om the initial value,may be 
disregarded. A recheck should be made, 
however, of the final bias current adjust- 
ment at the remote polar sending terminal. 

If it is not intended to employ equaliza- 

tion, operate the EQL rheostat to the OFF 

position. The APEX switch and BIAS rheo- 

stat are disabled by the OPN 2 switch and 

may be disregarded. 

(D) Type A Polarential - Polar Sending 
  

2.15 line up the repeater for Type A polaren- 
tial polar sending transmission by ad- 

justing line current, duplex balance, bias 
current, and equalization, if required. 

(1) Operate the L PAD switch as described 
in Paragraph 2.03. 

(2) Make preliminary or estimated settings 
of the apex, network, and equalizer 

controls if information on which to base 
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such settings is available. Otherwise it 

is suggested that the controls be cen- 

tered. This is to reduce the amount of 

hunting required in reaching final adjust- 

ment at both terminals. If it is not in- 

tended to employ equalization, operate the 

EQL rheostat to the OFF position. The BI- 

AS rheostat may beset inthe extreme clock- 

wise position for the convenience of hold- 

ing the local receiving circuit in a mark- 
ing condition. 

(3) Connect the meter of the 163-type test 
set in the LINE jack. Connect the key 

of the test set in the MON jack if a coup- 

ling unit is used for local termination, 
or in the S LOOP jack of the associated 
balanced loop applique if such equipment 

is being used for local termination of the 

repeater, The balanced loop applique, if 

used, should be conditioned for half-duplex 
operation during use of the test set for 

line-up and communication over the line. 

(4) Adjust the APEX switch so that the 
current read in the LINE jack is 

30 + 3 ma when a marking signal is being 
transmitted to the line. Readjustment of 
the APEX switch may be required later af- 
ter other adjustments in the home and dis~ 
tant repeaters have been made. 

(5) Adjust the balance as described in 
Paragraphs 2.08 to 2.11, inclusive. 

(6) Adjust the bias current and equaliza- 
tion (if required) as described in 

Paragraphs 2,11 and 2,12, 

(7) After initial adjustments have been 
made at the distant terminal, recheck 

controls per Paragraph 2.1). 

(E) Type A Polarential - Polar Receiving 

2.16 Line up the repeater for Type A polaren- 
tial polar receiving operation by ad- 

justing duplex balance and equalization if 
required, 

(1) Operate the L PAD switch as described 
in Paragraph 2.03. 

(2) Adjust the balance rheostat as de- 
scribed in Paragraphs 2.08 to 2.11,in- 
inclusive. 

(3) If equalization is required proceed as 
described in Paragraph 2,12. 

(4) The APEX switch and BIAS rheostat are 
disabled by the OPN 2 switch and may 

be disregarded.. 
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(5) After initial adjustments have been 
made at the distant terminal, recheck 

controls per Paragraph 2.13. 

(F) Differential Duplex 

2.17 Line up the repeater for differential 
duplex transmission by adjusting line 

current, duplex balance and equalization if 
required, 

(1) Operate the L PAD switch to position 0 
in the CX BAL OUT sector if the line 

is not equipped with composite sets, or to 
position 0 in the CX BAL IN sector if the 
line is equipped with composite sets. The 
line pads are short-circuited by the OPN 2 
switch. On some non-composited lines, a 
better balance may be obtained by use of 
the CX BAL IN sector. 

(2) Make preliminary or estimated settings 
of the apex, network, and equalizer 

controls if information on which to base 
such settings is available. Otherwise it 
is suggested that the controls be cen- 
tered. This is to reduce the amount of 
hunting required in reaching final ad just- 
ment at both terminals. If it is not in- 
tended to employ equalization, operate the 
EQL rheostat to the OFF position. The BI~ 
AS rheostat is disabled by the OPN 2 switch 
and may be disregarded. 

(3) Connect the meter of the 163-type test 
set in the LINE jack. Connect the key 

and sounder of the test set in the MON 
jack if a coupling unit is used for local 
termination, or in the S LOOP jack of the 
associated balanced loop applique if such 
equipment is being used. The balanced 
loop applique, if used, should be condi- 
tioned for half-duplex operation during 
use of the test set for line-up and comm- 
nication over the line. 

(4) Adjust the APEX switch so that a dif- 
ference of 65 +5 ma is obtained be- 

tween the meter readings taken in the LINE 
jack when marking and spacing signals are 
transmitted by the telegraph key of the 
test unit. Readings on the opposite side 
of zero should be added to obtain the al- 
gebraic difference. Readjustment of the 
APEX switch may be required later after 
other adjustments in the home and distant 
repeaters have been made; also when the 
line is dry if the initial adjustment is made 
under leaky conditions. The final adjust- 
ment should result in apex resistances at 
the two terminals of the system which are 
the same or not more than 100 to 200 ohms



different when 16Bl or 16Cl repeaters are 

used at both terminals. if there is no 

line leakage or earth potential the cur- 

rent read in the LINE jack should be close 

to zero when the batteries at the two ter~ 

minals oppose each other, that is, when 
the terminal of a "normal" system is send- 

ing a mark against a received mark, or 

when the terminal ofa system with reversed 

battery and line is sending a space against 

a received mark, 

(5) Balance the repeater in accordance 
with 2.08 to 2.12, 

(6) The distant repeater attendant should 
follow the same procedure as above af- 

ter which a rebalance should be made. 

(7) Readjust the equalizers as covered in 
2.12. For differential duplex opera- 

tion best results may in some cases be ob~ 

tained when the equalizers are not used. 

(EQL in OFF position.) 

(8) Repeate (6) and (7). 

(9) If the system is to be used for full~ 
duplex service, final adjustment of 

the duplex balance may be made.on the ba-~ 

sis of telegraph transmission tests. For 

this purpose, arrange for transmission of 

test teletypewriter signals by the remote 

repeater, and for connection of the local 
repeater to distortion measuring equip- 

ment. Connect a local source of signals 
to the input of the repeater, and adjust 

the balancing network for minimum increase 

in distortion in the received signals when 

outgoing signals are transmitted simlta~ 
neously. Test dots or other signals may 

be used for this test. 

3. SERVICE ADJUSTMENTS 

Type B Polarential 

3.01 Experience in service may indicate the 

need for refinement of the initial ad- 

justments made. Do not readjust the polar re- 

ceiving terminal unless a complete new systems 

line-up is to be made. Small amounts of bias 

received at the polar sending terminal when 

there is no line leakage may be corrected by 

readjustment of the biasing current. There 

will always be some swing in bias (in the dif. 
ferential direction of transmission) with chang- 

ing conditions of line leakage, since exact 
compensation is possible for only one specific 

condition of leakage. The need for a change 

in line-up is indicated by a predominance of 
one sign of bias over the range of conditions 
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of line leakage. Such an offset in the com- 
pensation characteristic may be due to unusual 
distribution and amounts of entrance cable, or 

to the fact that initial line-up was made un- 

der wet weather conditions. If the predomi- 

nant tendency is toward marking bias, decrease 
the APEX switch setting one step, or if the 
predominant tendency is toward spacing bias, 
increase the APEX switch setting one step. 
Such a change may be made at any time, but for 
best performance it should be followed up by 
recheck of duplex balance at both terminals 
and bias current at the polar sending terminal 
when there is no line leakage. If there is a 
frequently recurring or normal condition of 
iine leakage, exact self-compensation for that 
specific condition can be obtained by setting 
the APEX switch at such a value as to reduce 
the received bias to zero. This direct ap- 

proach can be used, however, only when it is 
known that other causes of bias are absent, 
including duplex unbalance in the dry Line con- 
dition, or abnormal battery voltages at either 
terminal. Any change of more than one step in 
the APEX switch setting should be followed up 

by recheck of duplex balance (of the resis- 
tance branch) at both terminals and bias cur- 
rent at the polar sending terminal during dry 
line conditions. 

Type A Polarential 

3.02 Experience in service may indicate the 

need for refinement of the initial ad- 
justments. Do not readjust the polar receiv- 
ing terminal unless a complete new systems 

line-up is to be made. Small or temporary 
corrections of bias received at the polar send- 
ing terminal can be made by readjustment of 
the biasing current. Bias changes with line 
resistance may be experienced on long lines 
because the apex resistance, adjusted to ob~ 
tain specified line current, is too low for 
correct self-compensation. 
be identified by a change toward spacing bias 
when the line resistance becomes higher than 
at the time of line-up, and a change toward 
marking when the line resistance decreases. 
If such swings exceed a few per cent, make a 
new systems line-up, preferably at a time when 
the line resistance is near the average value 
expected in service. Increase the polar send~ 
ing APEX switch setting to a value equal to 
00 ohms plus the combined resistance of the 
line and the line pads at both terminals. (Up 
to the maximum value of 2000 ohms provided by 
the APEX switch.) This will improve the self- 
compensation, but may result in slight impair- 
ment of the transmission in the polar direc- 

tion. In most cases the latter effect will be 
of no consequence, since transmission in the 
polar direction is considerably better than in 
the differential direction. 
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This condition can
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Differential Duplex 

3.03 Readjust the repeater as experience in 
service indicates the need. Generally 

such readjustment will be limited to the du- 

plex balance. The BAL RES rheostat can be 
used to trim the bias out of the received sig- 

nals when half-duplex service is provided. It 
mist be readjusted whenever the line resis- 
tance changes appreciably. Only wide swings 

in line impedance will necessitate any other 
adjustments in half-duplex systems, and if re- 

quired, these should be made by following the 

complete line-up procedure in Paragraph 2.17. 
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With full~duplex systems a larger amount of 
attention will be required, depending on the 

performance expected. Readjustment of the 
timing branch as well as the resistance branch 

of the network will probably be necessary as 
line conditions change. APEX switch settings 
should be changed only when a wide swing in 

line resistance takes the total line current 
outside limits, andthen a complete new line-up 

will be necessary. A recheck of the resis- 

tance balance at half~duplex terminals, or of 
both resistance and timing branches at full- 
duplex terminals, should be made after each 
change in adjustment at the remote terminal.


