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BELL SYSTEM PRACTICES 
Plant Series 

SECTION 409-312-501 
Issue 2, September, 1963 

AT&TCo Standard 

TL MICROWAVE RADIO 

DIVERSITY SWITCH 

PERFORMANCE CHECKS, ALIGNMENT, AND UNIT REPLACEMENT 

This section covers the methods of making comparator and pilot monitor checks, adjustments, 
and unit replacements on the TL Diversity Switch Panel. For clarity, a photograph showing the 
Diversity Switch Panel open and closed is attached to the section. 

This section is reissued to clarify and improve the in-service comparator alignment procedures. 
In addition, an out-of-service comparator alignment procedure has been added. Due to the ex
tent of the changes and rearrangement of the section, the use of arrows to indicate them has 
been omitted. 

The following test procedures are outlined: 

(a) Performance Checks- Routine 

(1) Comparator Checks 

(2) Pilot Monitor Checks 

(b) Alignment Procedures 

(l) Comparator Alignment- In-Service 

(2) Comparator Alignment- Out-of-Service 

(3) Pilot Monitor Alignment 

(c) Replacement Procedures 

(1) Comparator Replacement 

(2) Pilot Monitor Replacement 

In order to assure proper operation of the diversity switch, tests and alignment should be done 
only after it has been ascertained that all other components of the radio system are function
ing properly and that the requirements of Section 409-310-502, regarding the level of the pilot 
tone, have been met on an in-service basis. 

It is necessary in the following procedures to know the states of the various relays, !Whether 
operated or released. If this cannot be determined visually, the voltage measurements in 
Table A may be made for a positive indication. 

TABLE A 

OPERATED RELAY VOLTAGE IAppr~xl TEST POINT 

K1 14 DIV PIL MON TS1 term. 4 to GRD 

K2 14 REG PIL MON TS1 term. 4 to GRD 

K3 18 Comparator TS1 term. 5 to GRD 

K4 3 Across jacks GRD and K4 

Note: No voltages will exist between the indicated terminals. when any of the relays are released. 
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ISS 2, SECTION 409-312-501 

If any of the voltages lis~d in Table A are present and it is found that the relays are not oper
ated, check for broken leads in the switch panel. In the case of relay K4, also check the ALM & 
OW fuse on the power supply. 

All tests and adjustments not otherwise indicated may be made on an in-service basis. 

APPARATUS: 

STEP 

1 

J99262AA TL Test Set 

KS-14510, List 1 and List 2 Volt-Ohm-Milliammeter (VOM) 

KS-16887 Relay Blocking Wedge 

26A 6 db Split Pad (Out-of-service alignment only) 

19A 20 db Pad (Out-of-service alignment only) 

PROCEDURE 

PERFORMANCE CHECKS- ROUTINE 

Comparator Checks 

The comparator circuit compares the automatic gain control (AGC) voltages of each 
receiver IF amplifier of a diversity pair and initiates a switch when the difference be
tween these two levels corresponds to a received signal strength difference of approxi
mately 15 db. 

To properly assess the comparator operation, AGC levels should be steady and near 
the normal received signal levels for the diversity pair being checked. Indications of 
normal levels may be obtained from the routine maintenance logs kept for each radio 
bay. 

Comparator checks should not be made during radio path fading conditions as detected 
by varying AGC meter indications. 

On both meter panels of the diversity pair, set the selector switch to AGC and read the 
voltage on the 0- to 6-volt scale of the lower meter. (The selector switch shall remain on 
AGC throughout the test.) 

Requirement: AGC voltage shall be within -+-0.1 volt of normal level as determined 
from the routine test logs. This allows approximately -+-3 db variation of received sig-:
nal level during test. 

2 After complying with Section 409-312-500, Fig. 1, to ensure service continuity, operate 
the MAN switch to DIV CR. 

3 Block relays K1 and K2 to their operated positions, using the KS-168S7 blocking wedge. 

4 Insert a 15 db pad between the 1A modulator and PRE AMPL IN on the regular receiver. 

5 Operate the MAN switch to REG CR. 
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ISS 2, SECTION 409-312-501 

STEP PROCEDURE 

6 Set up the circuit in Fig. 1 (DIV RCVR) to send a 70 me signal at -58 dbm into the 
diversity receiver. 

7 

8 

9 

10 

Note: Relay K3 should now be released. 
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Fig. 1- Test Connections for Comparator Alignment 

Increase the test signal in 1 db steps until relay K3 operates. 

Requirement: This switch shall occur within +2 db of the normal received signal 
level of the regular channel. 

Remove the test patch from the diversity receiver and insert a 15 db pad between the 
1A modulator and PRE AMPL IN on the diversity receiver. 

Operate the MAN switch to DIV CH. 

Remove the 15 db pad from the regular receiver and set up the circuit in Fig. 1 to send 
a 70 me signal at -58 dbm into the regular receiver. 

Note: Relay K3 should now be operated. 
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11 
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15 

16 

17 

ISS 2, SECTION 409-312-501 

PROCEDURE 

Increase the test signal in 1 db steps until relay K3 releases. 

Requirement: This switch shall occur within +2 db of the normal received signal level 
of the diversity channel. 

If the requirements of Steps 7 and 11 are not met, proceed to Alignment Procedures -
Comparator Alignment (Steps 29 through 51). 

If the requirements of Steps 7 and 11 are met, remove the test patch and restore the 
original patch to the regular receiver. 

Operate the MAN switch to REG CH. 

Remove the 15 db pad from the diversity receiver and restore the original patch. 

Remove the blocking wedges from relays Kl and K2 and restore the MAN switch to 
AUTO. 

Pilot Monitor Checks 

Pilot monitors detect the presence of 2600 cps pilot tone on each channel of a diversity 
pair, and initiate a switch when the tone on one channel fails or drops below a prede
termined level. 

Prior to making the pilot monitor checks, it is necessary to know the level of the pilot 
tone on each channel as a reference point for determining the proper switching level of 
each pilot monitor, and also to determine if the pilot monitor circuit is operating prop
erly. The level of the pilot tone should be within prescribed limits to facilitate any nec
essary alignment procedures. 

Before proceeding, the requirements of Section 409-310-502 must be met regarding 
proper pilot tone levels. In addition, the following instructions should be read carefully: 

(a) The regular pilot monitor shall be checked first. 

(b) When checking the regular pilot monitor, the MAN switch shall be on DIV CH, 
and all references to a receiver in the following steps shall mean the regular 

receiver, unless otherwise indicated. 

(c) When checking the diversity pilot monitor, the MAN switch shall be on REG CH, 
and all references to a receiver in the following steps shall mean the diversity 

receiver, unless otherwise indicated. 

After complying with Section 409-312-500, Fig. 1, to ensure service continuity, operate 
the MAN switch located on the diversity switch panel to REG CH. 

18 On the order-wire panel in the adjacent TL cabinet or bay (near-end order-wire panel 
for near-end diversity switch), measure the pilot tone level between jacks OW IN and 
GRD, using the TL test set meter set for a 600-ohm bridging measurement on the -20 db 

19 

20 

range. 

Requirement: -20 to -24 dbm. 

Note: This is an indication of the pilot tone level on the active channel. 

After checking with the Control Center, operate the MAN switch to DIV CH. 

Repeat Step 18. 
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ISS 2, SECTION 409-312-501 

STEP PROCEDURE 

21 With the VOM on the 12-volt de range, measure the voltage on the · PIL TONE LEV 
jacks (red +, orange -) on both pilot monitors. 

Requirement: This voltage shall be within -+-0.3 volt of the level indicated in Fig. 2. 

-28.5 -30 

-27.5 -29 

-26.5 -28 \ 
' -25.5 -27 

2 2 
ID ID 
9 -24.5 e -26 \ 
C\1 

~ I 

~ -23.5 ~ -25 

~ 
.., 
z 

U'J -22.5 7 -24 
> 

~ i5 

\. 
\ 

~ -21.5 ~ -23 
_, _, 
!:;! -20.5 !:;! -22 
1&1 1&1 _, _, 
~ -19.5 ~ -21 
g g 

9 
-18.5 1- -20 

0 _, 
a: -17.5 a: -19 

' -16.5 

-15.5 -17 t---t--+--t----+---+----if--+--t---t-+------..1\--1 

-l4·5 -l6o -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -II -12 

VOLTAGE AT PILOT TONE LEVEL .JACKS 

Fig. 2- Pilot Tone Level Conversion Chart 

22 If the requirement of Step 18 is met but that of Step 21 for the regular pilot monitor 
is not, a faulty regular pilot monitor is indicated. If the requirement of Step 20 is met 
but that of Step 21 for the diversity pilot monitor is not, then a faulty diversity pilot 
monitor is indicated. In either case, check for possible misalignment or, if necessary, 
replace the unit. 

23 

24 

If the requirement of Step 21 is met, make test connections as shown in Fig. 3, on the 
regular receiver (or diversity receiver for the diversity pilot monitor) with attenuator 
dials set to 0 db. 

Reduce the signal level in 1 db steps until relay K2 (REG PIL MON) or K1 (DIV PIL 
MON) remains released. Prior to this point, the relay should release and then operate 
~ach time the attenuator is switched. 
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PROCEDURE 

rr-------rJ PART OF REG 
TRANSMITTER 
RECEIVER CABINET {BAY} 

VOM 

(TEST CONNECTIONS SHOWN 
ARE FOR REG PIL MON CHECKS) 

Fig. 3- Test Connections for Pilot Monitor Check 

25 Measure the voltage at the PIL TONE LEV jacks with the VOM on the 12-volt de 
range. 

Requirement: 3.5 to 4.1 volts. 

If this requirement is not met, follow the Pilot Monitor Alignment procedure (Steps 60 
through 73). 

26 This completes the check of the regular pilot monitor. Now proceed to check the di
versity pilot monitor in the same manner by repeating Steps 23 through 25, operating 
the MAN switch to REG CH first, and working on the diversity pilot monitor. 

27 When both pilot monitors have been checked, be sure all patches are restored before 
proceeding with other tests. 

28 If no further tests are to be made, restore the MAN switch to AUTO. 
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PROCEDURE 

ALIGNMENT PROCEDURES 

Comparator Alignment 
tin-Service) 

ISS 2, SECTION 409-312-501 

These alignment procedures shall be followed any time the comparator check require
ments cannot be met, and whenever a new unit is installed. 

On both meter panels of the diversity pair, set the selector switch to AGC and observe 
the voltage on the 0- to 6-volt scale of the lower meter. 

Requirement: The voltage shall be within +0.1 volt of that corresponding to the 
normal received signal level for each bay, as determined from the routine test logs. 
This corresponds to approximately +3 db variation of received signal level. 

After complying with Section 409-312-500, Fig. 1, to ensure service continuity, operate 
the MAN switch to REG CH. 

Block relays K1 and K2 to their operated positions, using the KS-16887 blocking wedge. 
(Refer to Section 069-020-801 for the procedure on blocking AK-type relays.) 

Set up the circuit in Fig. 1 (diversity receiver) and send a 70 me signal to PRE AMPL 
IN jacks of the diversity receiver, adjusting the level for an AGC reading correspond-
ing to the normal received signal level for that channel, as determined from the routine 
maintenance logs. 

Set the OUT and BAL controls on the comparator to their midrange position, and set 
the COMPR GAIN control maximum clockwise. 

34 With the VOM across jacks J6 and COMPR BIAS on the comparator, adjust the BAL 
control to give a 0-volt indication on the 3-volt range. In case of slight signal instabil-. 
ity, adjust to 0 +0.25 volt. 

35 If relay K3 is not operated, rotate the OUT control clockwise until K3 operates. Check 
for 18 volts across the coil of K3 (see Table A). 

36 

37 

With the VOM (on 12-volt range) connected from the COMPR BIAS jack to ground, 
rotate the OUT control slowly counterclockwise until K3 releases. Note this voltage to 
the nearest 0.05 volt. 

Rotate the OUT control slowly clockwise until relay K3 operates. Note this voltage also. 

38 Rotate the OUT control counterclockwise until the meter indication is halfway between 
the two readings taken above. 

39 Recheck the voltage between jacks COMPR BIAS and J6. Due to interaction between 
the BAL and OUT controls, it will be necessary to reset the BAL control for a 0-volt 
indication on the VOM and repeat Step 38. 

40 Rotate the COMPR GAIN control maximum counterclockwise (minimum gain). 

Note: Relay K3 should be operated. 

41 Reduce the test signal level by 15 db. 
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STEP PROCEDURE 

42 Rotate COMPR GAIN control slowly clockwise until relay K3 releases. 

43 Remove the test patch from the diversity receiver and restore normal patching. 

44 Operate the MAN switch to DIV CH. 

45 Insert a 15 db pad between the lA modulator and PRE AMPL IN on the regular 
receiver. 

46 Operate the MAN switch to REG CH, and then set up the test circuit in Fig. 1 to send 
a 70 me signal at -58 dbm into the diversity receiver. 

Note: Relay K3 should now be released. If not, momentarily remove the test signal to 
release the relay. 

47 Increase the test signal in 1 db steps until relay K3 operates. 

Requirement: This switch shall occur within -+-2 db of the normal received signal 
level of the regular channel as indicated on the AGC meter. 

If this requirement is not met, repeat Steps 39 through 47. 

48 Remove the test patch and restore the original patch to the diversity receiver. 

49 Operate the MAN switch to DIV CH. 

50 Remove the 15 db pad from the regular receiver and restore normal patching. 

51 Remove the blocking wedge from relays Kl and K2 and restore the MAN switch to 
AUTO. 

Comparator Alignment 
(Out-of-Service) 

For those situations where it becomes absolutely necessary to align a comparator in 
the absence of a stable received signal level, the following procedure applies. It is nec
essary in these steps to disable both channels of the diversity pair in order to send a test 
signal into each receiver IF amplifier simultaneously. The following additional appa
ratus, not normally supplied with the TL maintenance kit, is required for this pro
cedure: 

1 - 26A 6 db Split Pad 

1 - 19A 20 db Pad 

52 Operate the MAN switch to REG CH. 

53 Set up the test circuit in Fig. 4 to send 70 me signals to both receiver PRE AMPL IN 
jacks at the normal IF levels for each channel, as determined by the AGC meter indi
cations. (If necessary, use the OSC LEV control on the TL test set for adjustment of 
proper level to the regular receiver.) 
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26A SPLIT 
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NOTE: 

FOR NOMINAL -43 DBM INTO REGULAR RCVR, 
SET OSC LEV TO READ -2 DBM ON THE TEST 
SET OSCILLATOR METER. 
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~ 
19A PAD 

20 DB 

RCVR IF 
& BB AMP 
(REGULAR) 

)' PRE 
I 
AMPL 

IN 

RCVRIF 

& BB AMP 
(DIVERSITY) 

I 
''PRE AMPL 

IN 

Fig. 4- Test Connections for Out-of-Service Comparator Alignment 

54 Block relays K1 and K2 to their operated positions, using the KS-16887 blocking 
wedge. 

55 Perform Steps 33 through 40 of the In-service Comparator Alignment procedures. 

56 Reduce the signal level to the diversity receiver by 15 db with the test set attenuator. 

57 Rotate COMPR GAIN control slowly clockwise until relay K3 releases. 

58 Insert an additional 15 db pad in the path to the regular receiver. 

Note: Relay K3 should now be released. 

59 Increase the signal level to the diversity receiver in 1 db steps until relay K3 operates. 

Requirement: The level of operation shall be within -+-2 db of the normal received sig
nal level, as determined from the AGC meter reading. 

If this requirement is not met, repeat Steps 39, 40, and 56 through 59. If this require
ment is met, remove all test patches and restore normal patching to both receivers. 
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PROCEDURE 

Pilot Monitor Alignment 

These procedures shall be followed whenever the requirements of the Pilot Monitor 
Checks cannot be met, or whenever a new unit is installed. 

After complying with Section 409-312-500, Fig. 1, to ensure service continuity, operate 
the MAN switch to DIV CH if aligning the diversity pilot monitor or to REG CH if 
aligning the regular pilot monitor. 

On the order-wire panel in the adjacent TL cabinet or bay, measure the level of the 
pilot tone between jacks OW IN and GRD with the TL test set voltmeter set for a 
600-ohm bridging measurement on the -20 db range. 

Requirement: -20 to -24 dbm. 

62 Operate the MAN switch to the opposite channel from that in Step 60. 

63 With the VOM across the PIL TONE LEV jacks and on the 12-volt de range, rotate 
AMPL GAIN control to maximum clockwise position (maximum gain) and adjust 
AMPL BIAS control for a peak meter indication. 

64 

Requirement: 9 to 13 volts. 

If this requirement is not met, replace the pilot monitor and repeat test. 

Rotate AMPL GAIN control counterclockwise to a value corresponding to the meas
ured pilot tone level in Step 61. (See Fig. 2.) 

65 With the VOM still connected to the PIL TONE LEV jacks, set up the test circuit 
in Fig. 3 and adjust the attenuator for a VOM reading of between 3.3 and 4.3. 

66 Disconnect the VOM from the PIL TONE LEV jacks. 

67 Rotate SW BIAS control clockwise to release the pilot monitor relay, then slowly ro
tate it counterclockwise to the point where the relay just operates. 

68 With the VOM connected to the PIL TONE LEV jacks, rotate AMPL GAIN control 
slowly counterclockwise until the pilot monitor relay releases, and then clockwise 
until the relay operates, noting the maximum and minimum voltages in each case. 

Requirement: The voltage swing shall be no greater than 1 volt nor less than 0.4 volt. 

69 Remove all attenuation from the test set attenuator. 

70 Rotate AMPL GAIN control to give the same PIL TONE LEV voltage as that set up 
in Step 64, and then disconnect the VOM from the PIL TONE LEV jacks. 

71 Reduce the signal level in 1 db steps until relay K2 (REG PIL MON) or K1 (DIV 
PIL MON) remains released. Prior to this point, the relay should release and then op
erate each time the attenuator is switched. 

72 Measure the voltage at the PIL TONE LEV jacks with the VOM on the 12-volt de 
range. 

Requirement: 3.5 to 4.1 volts. 

73 Remove all test patches and restore the original patch to RCVR OUT. 
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PROCEDURE 

REPLACEMENT PROCEDURES 

Replacement of pilot monitor and comparator units in the diversity switch panel re
quires only a screwdriver. Precautions have been included in the following procedures 
to ensure against contact with -20 volts and battery supply. 

Comparator Replacement 

74 After complying with Section 409-312-500, Fig. 1, to ensure service continuity, operate 
the MAN switch to REG CH. 

75 On the diversity bay power supply panel, remove the fuses marked IF AMPL & BB 
and ALM & OW to remove -20 volts and the battery supply. 

76 Open the hinged center panel of the diversity switch to provide access to the comparator 
terminal TSl. 

77 Remove the leads from the comparator. 

78 Remove the four mounting screws in each corner of the unit and slide the unit for
ward to remove it. 

79 Slide the new unit into position and replace the mounting screws. 

80 Replace the comparator leads. 

81 Replace the IF AMPL & BB and ALM & OW fuses and align the comparator as 
indicated under Alignment Procedures- Comparator Alignment. 

Pilot Monitor Replacement 

82 After complying with Section 409-312-500, Fig. 1, to ensure service continuity, operate 
the MAN switch to REG CH. 

83 On the diversity bay power supply panel, remove the fuse marked IF AMPL & BB to 
remove the -20 volts to the switch. 

84 Remove the leads from the pilot monitor being replaced. 

85 Remove the four mounting screws in each corner of the unit and slide the unit forward 
to remove it. 

86 Slid.e the new unit into position and replace the mounting screws. 

87 

88 

Replace the pilot monitor leads. 

Replace the IF AMPL & BB fuse and align the pilot monitor as indicated under Align
ment Procedures- Pilot Monitor Alignment. 
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HINGED PANEL CLOSED 

HINGED PANEL OPEN 

Photograph A- Diversity Switch Panel 


