BELL SYSTEM PRACTICES SECTION 409-241-507
Plant Series Issue 1, May, 1965
AT&TCo Standard

TJ/TM-1 MICROWAVE RADIO
SYSTEM TESTS — TELEPHONE WITH DIVERSITY
SIGNALING AND PILOT TONE LEVELS

TJ/TM-1 radio diversity system carrying message uses the lower 4 kilocycles of the baseband
for order wire, signaling, and pilot tone circuits. To minimize interference and still provide
noise free performance, the levels of audio, 2600-cycle signaling tone and 8700-cycle pilot tone,
must be maintained at specific values. This section outlines the correct levels and the method
of making measurements as applied to the radio system. The order wire and alarm path is
common to the multiplex path through the radio system. In the diversity switch unit, pro-
vision is made for separating and combining 3700-cycle pilot tone, 2600-cycle signaling tone,
and order wire with the multiplex path. On a system comprising more than one diversity pair,
the order wire, 2600-cycle signaling tone, and 3700-cycle pilot tone will be carried on the first
diversity pair. The other diversity pairs in the system will carry only the 3700-cycle pilot tone.
The 3700-cycle pilot tone is always transmitted, thus the pilot levels can be checked without
the use of a signal generator. At each radio station, a 3700-cycle oscillator installed in the
diversity switch unit generates tone for one direction of radio transmission. Test jacks are
provided for making bridging measurements without interrupting service.

Measurements of 2600 cps signaling tone must be made initially at all stations at the diversity,
switch bridge jacks and also in all D2 order wire and alarm units.

The 2600-cycle signaling tone and 3700-cycle pilot tone tests are listed separately for clarity
only, but may be done concurrently.

Tests and adjustments are to be performed at indicated stations as follows:
(1) 2600-cycle Signaling Tone Level — Systems or Branches Without Spurs — (Steps 1 to 7)
(2) 2600-cycle Signaling Tone Levels — Systems or Branches With Spurs — (Steps 8 to 13)
(3) 3700-cycle Pilot Tone Levels — (Steps 14 to 20)
(4) D2 Order Wire, Alarm, and Control Unit 2600-cycle Signaling Levels — (Steps 21 to 28)

APPARATUS:

1 — KS-15588, L4 Frequency Selective Voltmeter

1 — ED-59517-10, Group 8 Test Cord — Supplied with J68376C impedance matching test set
4 — 258C Dummy Plugs

1 — P2AW Test Cord — Supplied with J68376C impedance matching test set
1 —368A, 75-ohm Termination

1 — P3N Cord — Supplied with J68376C impedance matching test set

1 — P-49R874 Test Cord (310 Plug to General Radio 274MB)

1 — Pomona Electronics 2BA-PT063-48(WE) Test Cord

1 — Banana Plug with 600-ohm 1% — 1/2 watt Resistor

2 — 262B Terminations (4-262B Terminations are required at Spurs)

1 — ED-59517-10 G10 Test Cord

1 — ED-59517-10 G25 Test Cord
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1SS 1, SECTION 409-241-507

STEP PROCEDURE

2600-CYCLE SIGNALING TONE LEVEL — SYSTEMS OR BRANCHES WITHOUT SPURS

1 At the near-end terminal, make test connections as shown in Fig., 1. Calibrate the
frequency selective voltmeter in accordance with the instructions furnished by the
manufacturer.

2 Connect the test cord to the BDG 2 jack on the diversity switch and transmission unit,

and measure the level of the 2600-cycle pilot tone. Decibels may be read directly with
input set to 600 ohms bridged at 250 cycles.

Requirement: —385.5 +1 db

If this requirement is not met, check the levels of the D-type alarm, control, and
order-wire unit.

3 Remove the test cord from the BDG 2 jack and connect it to the BDG 1 jack. This is
the signaling tone return path. Measure the level as indicated on the frequency selec-
tive voltmeter.

Requirement: —36 +2db

If the requirement is not met, trouble is indicated at some station in the system.
This could be at the near-end terminal, at a repeater, or at the far-end terminal, in
either the transmitting or receiving path of the signaling tone. To determine if radio
trouble exists, proceed as in Steps 4 through 6.

4 Determine the receiver in operation, and measure the level at the BDG 1 jack.

5 Operate MAN AUTO switch S1 to the alternate receiver and measure the level at
the BDG 1 jack. From this measurement and the measurement of Step 4, it can be
determined if the trouble is common to both receivers in the diversity pair. If the
system is equipped to remotely operate each diversity switch, monitor the received
2600-cycle level at BDG 1 of the near-end terminal diversity switch unit while the
alarm attendant operates each diversity switch unit. If a radio link should be in
trouble, a change in level will occur when the switeh is operated to that link. See
Fig. 2 for a simplified diagram of the equipment and levels involved. Should the
switching sequence locate the trouble, perform Step 6; otherwise perform Step 7 at
each station until the trouble is located.

6 At the link in trouble, perform tests as outlined in Section 409-241-503 and, if nec-
essary, 409-241-505.

7 At succeeding stations of the route in question, measure the BDG 1 and BDG 2 levels
using the test setup of Fig. 1.

Requirement 1: BDG 1 —36.0 =1 db
Requirement 2: BDG 2 —35.5 +1 db

At a station where a correct BDG 1 level exists but the BDG 2 requirement is not met,
check the alarm equipment using procedures in Part 4 of this section.

2600-CYCLE SIGNALING TONE LEVEL — SYSTEMS OR BRANCHES WITH SPURS

8 At the near-end terminal, perform Steps 1 through 3 and if required, Steps 4 through 7
to establish correct levels on the main route.
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ISS 1, SECTION 409-241-507

STEP PROCEDURE

9 At each junction station, notify the alarm center that 2600-cycle tone will be momen-
tarily interrupted.

10 In the D2 substation, block the OP relay in the operated position. This removes 2600-
cycle tone on the return route.

11 In the D2 spur unit, block the C1 relay in the operated position. This allows 2600-
cycle tone to be returned to the main station from the spur route.

12 At the primary system diversity switch unit transmitting toward the main station, set
up the test circuit of Fig. 1 with the test cord connected to BDG 2.
Requirement: —35.5 +1db
If the requirement is met, make the relay normal.
If this requirement is not met, measure the 2600-cycle level at BDG 1 and BDG 2 on
the diversity switch unit or units transmitting toward and receiving from the spur.
The spur levels at BDG 1 and BDG 2 should be —86.0 =1 db and —35.5 +1 db, respec-
tively. (See Fig. 2 for a typical arrangement.) If the spur BDG 2 requirement is NOT
met or if both spur requirements ARE met, trouble is indicated in the D2 equipment.
(See Section 951-420-100.) If the spur BDG 2 requirement IS met, but BDG 1 require-
ment is NOT met, all or part of Steps 4 through 7 may be applied to the spur route
until the trouble is found.

13 If two spurs are furnished at the junction station, repeat Steps 8 through 12 except
operate relay C2 instead of relay C1.

14 At each diversity switch unit make the test connections as shown in Fig. 3.

15 Measure the 3700-cycle output level.
Requirement: —34.5 db
If this requirement is not met, readjust the output control of the oscillator.

16 Connect the test circuit of Fig. 4(A) with the KS-15538 frequency selective voltmeter
set to accept 135-ohm bridged input at 250-cycle bandwidth.

17 Measure the 8700-cycle level at TRS MON.
Requirement: —49 +0.5 db

18 Set up the circuit of Fig. 4(B) with the KS-15538 frequency selectlve voltmeter set
to accept 135-ohm bridged input.

19 Measure the 3700-cycle level at REC MON.
Requirement: —38 +-0.5 db

20 At each succeeding station, repeat Steps 14 through 20.

D2 ORDER WIRE, ALARM, AND CONTROL UNIT 2600-CYCLE SIGNALING LEVELS
21 Notify the D2 main station that momentary opens in the 2600 cps signaling tone will

result from the following measurements at the D2 order wire and alarm substation
and, if furnished, spur units (Step 23). It will be necessary to perform this test with
assistance from the main station operator to silence the audible alarms.
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ISS 1, SECTION 409-241-507

STEP PROCEDURE
22 Connect the test circuit of Fig. 5.
23 Measure the following 2600 levels in the D2 order wire and alarm system.

OUTGOING RETURN
ROUTE ROUTE LEVEL
At the Substation: LINE OUT 1 —86 =+0.5 dbm
E PAD OUT —35.5+0.5
LINE OUT 2 —36 =+0.5
M 'NET OUT —36 =+0.5
D PAD OUT —35.5+0.5
At the First Spur EQT OUT —-38.5+1.0
(If Equipped)
G PAD OUT —35.5=+1.0
L OUT 8 —86 =+0.5
M NET A=* —86 +05
J PAD OUT —19 =+=0.5
At the Second Spur K PAD OUT ~85.5+0.5
(If Equipped)
L OUT 4 —36 =+=0.5
M NET Bft —-36 0.5
M PAD OUT —-19 =+0.5

* Operate C1 relay in first spur station unit.
1 Operate C2 relay in second spur station unit.

OUTGOING RETURN LEVELS LEVELS
ROUTE ROUTE (NORMAL) (HIGH)##
At the Main LINE TRS —36 —36
Station

B PAD OUT —36 —10
LINE
LINE OUT 1 —-35.5 -10 — ;LOSS

A AMPL OUT —-19 -19

** A high level may be furnished when the first radio location is substantially
distant from the main station.
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ISS 1, SECTION 409-241-507

RETURN

OUTGOING LEVELS . LEVELS
ROUTE ROUTE {NORMAL) (HIGH)¥*
At the Local _ _ _(LINE
af tho Looal LINE 1 OUT 36 0.5 —10 gLos-s
Panel HYB OUT 85505 —320.5
LINE OUT 2  —36 +0.5 —36--0.5
C AMPL OUT —35.5-20.5 —10=0.5

** A high level may be furnished when the first radio location is substantially
distant from the main station.

If the requirements are met, remove test equipment and restore to normal conditions.

If the requirements are not met, perform the following tests.

STEP

PROCEDURE

24

25

26

27

28

Resetting Substation 2600 cps Signaling Levels

Notify the main station operator that the substation is to be removed from serv1ce
and order-wu'e communication to the stations will be interrupted.

Note: Order wire and 2600 cps signaling tone will be normal through a repeater
station under test by inserting 258C dummy plugs in LP FLT OUT and LP FLT IN.
This allows tone to be transmitted to the next station 0.5 db low. Setting terminal
station levels will interrupt service.

Insert 258C dummy plugs LP FLT OUT and LP FLT IN of the primary route
diversity switch and transmission unit of the station to be tested (one diversity
switch at the far-end terminal or two diversity switches at a repeater). Do not use
dummy plugs at the near-end terminal.

Set up the test circuit of Fig. 6, option A, with the KS-15538 frequency selective
voltmeter set to read 135 ohms bridged.

Adjust the 2600-oscillator to —36 dbm.

Make connections per Fig. 6, option B. Measure and adjust, if necessary, 2600 cps
levels using the following table.

IN;‘:I:‘TEED MEASURED AT REQUIREMENT REMARKS
*A AMPL IN A PAD OUT —-32 +0.5 dbm
(Substation)
—36 dbm E PAD OUT —-35.5

Set A AMPL

* At the near-end terminal, a high level 2600 cps tone option may be furnished.
In this case it will be necessary to insert sufficient level at A AMPL IN to
provide —32 dbm at A PAD OUT.
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ISS 1, SECTION 409-241-507

TONE
INSERTED

If 1st Spur Furnished:

A AMPL IN
(of Substation)

—36 dbm

If 2nd Spur Furnished:

A AMPL IN
(of Substation)

—36 dbm
F PAD IN
(of Substation)

—36 dbm

If One Spur is Furnished :

F PAD IN
(of Substation)

—36 dbm

F AMPL IN
(of Spur)

—36 dbm

MEASURED AT

A HYB OUT —38.5+0.5
B PAD OUT —19

D PAD OUT —385.5+1
EQ OUT —38.5+0.5
E AMPL OUT —~29.5+0.5
G PAD OUT —35.56

K PAD OUT —85.56+0.5
M NET OUT —-386 +=0.5
TEL BRDG OUT -39.5+0.5
D PAD OUT —85.5

M NET —-36 =+0.5
(Spur Unit)

BRDG OUT 1 —455x0.5
TEL BRDG OUT -89.5

D PAD OUT —85.5

J PAD OUT —-19 +05
M NET A —36

REQUIREMENT

REMARKS

Set B AMPL

6002 Term in

F PAD IN and
EPAD OUT —
Manually operate
CL RELAY.
(May be neces-
sary to manually
operate STA REL
to clear alarms)

Set E AMPL

Set C AMPL

Set G AMPL
Set C AMPL

Set F AMPL

Manually operate
C1 relay on spur
unit
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1SS 1, SECTION 409-241-507

TONE
INSERTED MEASURED AT
If the Second Spur is Furnished :
H AMPL IN M PAD OUT
(of Spur)
—86 dbm M NET B

If Local Alarm Circuit is Furnished :

HYB IN H PAD OUT
—36* dbm A HYB OUT

F PAD IN TEL BRDG OUT
—36 dbm C AMPL OUT

* If a high level is provided, adjust this level accordingly.

Nole: The following pads should be installed in the D2 order wire, alarm, and con-
trol unit (and spur unit if installed) for TJ/TM-1 systems.

LOCATION
Substation

** At the near-end terminal, an option may be furnished
to provide a high level 2600 cps tone. In this case it
will be necessary to select the A pad to provide the
proper level at A PAD OUT, and adjust the C AMPL

accordingly.

LOCATION
1st Spur

2nd Spur

Local Alarm Ckt.

REQUIREMENT REMARKS

—19 +0.5

—36 Set H AMPL
Manually operate
C2 relay on spur
unit

—36 Set A AMPL

—35.5

—39.5

—35.5* Set C AMPL

PAD VALUE
A 0
B 8.5
C 11.0
D 0
E 0
F 0

VALVE

H 2R “NQE
o
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ISS 1, SECTION 409-241-507

FREQUENCY SELECTIVE

( VOLTMETER KS-15538 L4 NOTE:
—7 "CALIBRATE KS-15538,L4
FREQUENCY SELECTIVE VOLT-
. METER IN ACCORDANCE WITH
— INSTRUCTIONS SUPPLIED 'WITH
M\ A THE VOLTMETER.
(,
.
o 1 7
/BRG Rz S
a0
o1,
50—
.003
60~
( 0 g/ 130
\/ LINE 0003 ; FUNCTION
IMPEDANCE ATTENUATOR

OW LPFL
iN  ouT IN ouT ON

OO O O

BDG | BDG 2

P-49R874

OFF

PART OF DIVERSITY SWITCH
AND TRANSMISSION UNIT
J 68374A

Fig. 1 —Test Connection for Signaling Tone
Measurements

Page 8



A\

WIRE
LINE

AL ARM
CENTER

SOURCE OF
2600 CYCLE]
PILOT TONE|

WIRE
LINE

NEAR-END TERMINAL

» AR o TYPICAL REPEATER

__________ 1 l,;.
| won Inam 508
| B (),
|
| HP SFs‘l[.)I?I‘ i[-aeoBM]  [3apBM] '
| L PAD ICasDBW)  (:330BM) |
I I |
TR :
B 2 vve XMTR s I e
MON .a onl T 0-8DB

12
MON >34.50BM

37007, 08C

REC 3-5D8
MON

|
I
|
I
I
|
|
|

________________________ DIVERSITY SWITCH AND

ST 2
> 38.5D8M]
ALARM AND CONTROL ALARM AND CONTROL p3 N
UNIT UNIT

| I FsaDBM | L4GDBMI

|
|
I
I
|
! D2 ORDER WIRE: D2 ORDER WIRE
I
I
I

DIVERSITY SWITCH
AND TRANSMISSION UNIT )

JUNCTION INTERMEDIATE STATION

1SS 1, SECTION 409-241-507

AIR FAR-END TERMINAL ———————————
PATH

TRA NSMISSION UNIT

EQT

|-36pBM|

L____E»I“_Ef olF

N

\

BDG 29 Q8DG | 3-5I

DIVERSITY sSWwI
AND TRANSMIS:

XMTR

ORI2DB

rec DBI
36DBM MON i

ITCH
SION UNIT

=
[+]
z

/™71

AIR PATH $

TO NEXT STATION

<LINEIN3— TO LINE
ouT 3 -

Fig. 2 - Typical TJ/TM-1 Radio D2 Order Wire and
Alarm System
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ISS 1, SECTION 409-241-507

PART OF J68374A
DS UNIT (TOP VIEW)

26
ED-50121-30

ED-50122-30]

2BA- PTO63-48 (WE)

KS-15538,L4
.FREQUENCY SELECTIVE VOLTMETER

N

™~
O

INPUT

© O C

'SELECTOR  ATTENUATOR

INPUT

Fig. 3 — Test Connections for 3700-Cycle Pilot Tone
Measurements
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ISS 1, SECTION 409-241-507

FIG.A
MEASUREMENT OF TRANSMITTED 3700-CPS
RADIO PILOT
\
KS-15538, L4
FREQUENCY

SELECTIVE VOLTMETER

PART OF DIVERSITY SWITCH
UNIT J68374A

00

S§i6 TRS
ouT IN

TRS
MON

TRS
TST

Y PAD TRS
OUT PAD

O SELECTOR ED-59517-10,625

FIG. B

MEASUREMENT OF RECEIVED 3700-CPS
RADIO PILOT

KS—15538,L4

FREQUENCY
SELECTIVE VOLTMETER—"|

o2
04
LOSS
DB 0.6
0.8
1.0

o
1.4
.2

| INPUT
\ /
~ Cdl
I - @ -
-~ ~
PART OF DIVERSITY SWITCH O SELECTOR
UNIT J68374A -/l
ED-59517-10, G20 3

Fig. 4 — Test Connection for Measurement 3700 CPS
Radio Pilot
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1SS 1, SECTION 409-241-507

PART OF KS-15538,L4
FREQUENCY SELECTIVE

VOLTMETER
r N
- J
\
INPUT
o 000
000
000
000 NP
[o] [+
°s6
0 - -
]
SELECTOR

221 A RESISTOR

6000 1%-1/2 WATT
RESISTOR

TO D-2 ORDER
WIRE AND
ALARM SYSTEM

P-49R874

Fig. 5 —Test Connections for Measurement of
2600 CPS Signaling Tone
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PART OF J99262AA TiL TEST SET

VOLTMETER

MDL 172 1/2 AMP
__ POWER

@ O

%
@@S\

-22v@,/© GRD
WO Oarren

RANGE 40 DBO O40 DB

60 RD My Oarren
TERT L TER 66/74MC

[ BROG" Q RCVA = Q o ouT

¢ J
SET ON 2600 CPS
P2AW—
PART OF J68376 C IMPEDANCE
MATCHING TEST SET
\
LF 7
20", -60MC
VIVM  VIVM 6000 600N
600 1240 IN ouT L/
368A

ED-59517-10,68

75-0HM

4 TERMINATION

1SS 1, SECTION 409-241-507

J68379BORC
D2 ORDER WIRE AND ALARM

TO D2 ALARM

(SEE BSP 409-241-507
PART 4)

FROM
D2 ALARM

AN

+—P3N

FREQUENCY SELECTIVE VOLTMETER
KS-15538 , L4

1

4

INPUT

@ SELECTOR
I

600N 1% ~1/2 WATT

RESISTOR

“)@

Fig. 6 — Test Connections for Setting 2600 CPS

Signaling Tone Levels
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