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WARRANTY

All products are warranted against defects in materials and workmanship
for one year from the date of shipment. Our obligation covers repairing or
replacing products which prove to be defective during the warranty period
and which shall be returned with transportation charges prepaid to WILTRON.
Obligation is limited to the original purchaser. We are not liable for
consequential damages.




MANUAL CHANGES

MODEL 9041 TRANSMISSION LEVEL AND
RETURN LOBS MEASURING SET
CPERATION MANUAL

Change #1

Berial Numbers Affected

All
A. On page 1-3, paragraph 1.13, change the first sentence to read &s follows:

*The power required by the Model 9041 is 115 or 230 Vac, 50 to 60 Hx, &t 5
watts.”

B. On page 1-5, second column, under OPERATING POWER, change frequency range to
read as follows: *50 to 60 Hz."

PCO 15684 June 6, 1585

]
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INTRODUCTION

This manual provides operation ingtructions
for the Model 9041 Transmission Level and
Return Loss Measuring Set manufactured by
WILTRON Company, Mtn, View, California.

The material in the manual is divided into
three general sections as described below.

Section I contains an overall description
of the equipment, including performance

i

specifications.

Section Il contains operation information.

Section IIT contains performance verifi-
cation procedures,

Maintenance instructions for the Model
9041 are provided in a separate manual,

2-9041-CM
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Figure 1-1. WILTRON Model 8041 Transmission Level and Return Loss Measuring Set
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1. DESCRIPTION:
{A) General Description

1.0% The WILTRON Model 3041 Trans-
mission Level and Return L.oss
Measuring Set (see Figure 1-1) fulfills or
exceeds the requirements of Western Elec~
tric Specification K8 20501 for Through and
Terminal Balance of all classeg of tele-
phone offices. The Model 9041 incorpor-
ates in one instrument the means to mea-~
gure fransmission level, receive frequency
response, echo return loss and singing
- return loss on 4-wire or 2-wire, 600 ohm
or 900 ohm circuits. These features
permit measurements of loss and balance
that meet Bell System, USITA and CCITT
specifications.

{B} Measuring Features

The Model 9041 Measuring Set pro-

vides transmission level measgure-
ments from +12dBm to -48dBm on both 600
and 900 ohm incoming and outgoing trunks
over a bandpass of 200Hz to 5kHz., Echo
return loss (ERL) and singing return loss
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{SRL} {(high and low) measurements from
-10dRB (10dB return gain) to 50dB are
provided. Trans-hybrid loss correction of
up to 30, 8dE in 0.2dB steps is provided
for 4-wire return loss measurements.
Unused trans-hybrid correction ranges
may also be used to correct +7 or -16dB
point levels at VFPB's (voice frequency
patching bays) or to extend return loss
range beyond 50dB on 4-wire circuits, The
meter scale and panel controls are marked
in red for level measurements and black
for return loss measurements,

{C} Special Features

1.03 The Model 9041 measuring set pro-
vides on/off hook reverse battery
loop supervision control and supervision
indicator lamps for both incoming and out-
going trunk circuits. Decade network
kuildout {NBO) and drop buildout (DBO)
capacitors are provided in the case lid,
With these capacitors, the set alone may
clogely simulate the Office Balance Test
Hybrid circuit (Code 970) in Z~wire offices,
Tests and several years of use in many
offices indicate that this simulation is
acceptable for practical circuit order
Terminal Balance tests in offices meeting
cross office resistance requirements.

1.04 A capacitive ac short circuit is
available in the case lid of the
Model 9041, This enables holding a work-
ing trunk being tested and at the same time
checking or measuring short circuit trans-
hybrid loss on the set or the external
trunk hybrid without inadvertently causing
releage of the trunk. The case lid is de-

tachable to allow its use as a precision

decade capacitor and ac short during DBO
and NBO adjustments, Through Balance
measurements and office balancing oper-
ations.



Section I

1.05 Padding and interlocking are pro-
vided in the Model 9041 for use
when measuring return logs from the 4-
wire VF point over carrier systems. This
helps protect against carrier overload.

{D} Special Capabilities

1.06 A combination of the above features
permits the Model 9041 alone to
control supervision and make level, fre-
guency response and return loss measure-
ments at many 2-wire or 4-wire access
points. Measurements may also be made
at outgoing trunk (OGT) test frames of both
2 and 4-wire switching offices, 17B and
other toll or private line testboards, main-
tenance test frames, distributing frames
and the test jacks of siep switches, imped-
ance compensators and repeater test stands

The Model 5041 fest set thus enables

one man at a Crossbar Tandem
(or 18B TTB equipped with intertoll step-by-
step trunks} to perform all required circuit
order overall receive net loss, receive {re-
guency response and Terminal Balance
measurements on incoming or ouigoing
trunks. No assistance is required from
another man in his own office,

1.08 The receiving section of the Model

2041 preatly attenuates signals
below 200Hz and above 5kHz. This makes
possible effective use in step-by-step
PRX's with rectifier power plants or other
noigy environments and in the presence of
"carrier leak'.

1.09 The Model 2041 measuring set

considerably simplifies work and
reduces Central Office maintenance time
{and costs) because it performs the func-
tion of the following Western Electric and
other gimilar test sets.

i-2

MODEL TYPE OF TEST SET

23A Transmission Measuring .
Set

201A Noise Generator

4558 Weighting Network

3C Noise Measuring Set
(return loss only)

2D Singing Point Test Set

207G High Pass Filter

54C Return Loss Meaguring
Set

POB Zero Loss Test Set and
other types of portable
test hybrid sets

P14A Holding and Terminating
Test Set

Various Precision Decade

© Capacitor Sets
Various Switch Boxes

NOTE

For most applications, the
Model 8041 can be used in
place of the Office Balance
Test Hybrid when making
measurements to Code 970
in Crossbar Tandem QOffices.

{E} Additional Capabilities

- 1.10 Additional measurements which

can be made on cables with the
Model 9041 include echo structural return
logs and structural return loss (when used
with an audio oscillator), and cable pair
capacity and impedance, In addition, the
measuring set is useful for making imped-
ance compensator adjustments, and nega-
tive~impede§,nce repeater adjustments.

2-9041-OM



{F} Performance Specifications

1.11 The performance specifications of
the Model 9041 Transmission
i.evel and Return Loss Measuring Set are

listed in Table 1-1.

{G) Unpacking the Equipment

The measuring set is shipped in a
special packing box which should

be saved if re-shipment is planned. A
transit bag for the measuring set is shipped
in a separaie package. After unpacking, the
unit should be checked for damage. 1f any
damage is noted, advise WILTRON and file
a claim with the transfer company. After
unpacking, a performance verification may
be performed as described in Section 3. If
vour local supply voltage is other than 115V
ac, ensure that the 115/230V switch (inside
the unit} is in the proper position for the
local line voltage. See Figure 1-2 for loca-
tion of switch and spare fuse.

1.12

115/230V
Slide
Switch

Front
Panel

Figure 1-2.
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{H) Power Requirements

1.13 The power required by the Model
9041 ig 115 or 230V ac, 50 to 400Hz,
at 5 watts. The internal rechargeable

battery provides operation up to 8 hours
without recharging. Time for complete
recharge is 10 hours, The 115/230V ac
switch (mounted on an internal bracket)
must be set for the appropriate line voltage.

WARNING

DAMAGE WILL OCCUR
IF 230V AC 1S APPLIED
TO THE 115V AC TRANS-
FOCRMER WINDING.

{1} Function of Controls, indicators,
and Connactors

1.14 The function of the front panel and
inside lid controls, indicators, and

connectors is described in Table 1-2,

Allen Wrench
{for knob removal)

Spare
Fuse

L.ocation of 115/230V Switch, Spare Fuse, and Allen Wrench

-3



Table 1-1. Performance Specifications

TRANSMISSION MEASUREMENTS

LEVEL MEASURING RANGE: ~48dBm
to +12dBm (600 or 900 ohms termin-
ated)., Meter calibrated linearly in 4B
from +2 to -8dBm. ADD dB control
range +10 to -40dBm,

LEVEL ACCURACY AT 1KHZ: #0.1dR
from +12dBm to -28dBm. £0.2dB
from -28dBm to -48dBm.

FREQUENCY RESPONSE: 10.05dB from
500Hz to 2500Hz. +0. 1dRB from 200 to
500Hz, and 2500 to 5000Hz. >40d8
down at 60Hz and 56kHz.

AETURN LOSS MEASUREMENTS

TEST SIGNALS: See Figure 2-8., White
noise band limited with the following
filters:

Echo Return Loss (ERL}): 560 to
1965Hz (-3dB).

Singing Return Loss Low (SRL LO):
260 to 500Hz (-3dB).

Singing Return Loss High {SRL HI):
2200 to 3400Hz (-3dB),

Variation in Power Level when

Switching Test Filters: <0, 1dB.

External Oscillator {(EXT OSC)

Frequency Range: 200Hz to 5kHz.

RETURN LOSS MEASUREMENT: ~10dB
(+10dB return gain) to 50dB return
loss. Meter calibrated linearly in dB
from 0 to 10dB. ADD dB control range
from -10 to +40dB in 10dB steps.

OVERALIL ACCURACY: =0.4dB to 404dB;
+1. 2dB to 50dB return loss.

1-4

4-WIRE RETURN 1.OSS OPERATION:

4-Wire Transmif Levels: -2dBm
+8. 2dB for normal operation, and
-18dB for use at -16 points on car-
rier systems.

4-Wire Receive Levels: -2dBm from
0 points for normal operation and
+7dBm to receive from carrier
systems at +7 points.

NOTE
When a plug is inserted
in the +7 (FROM LINE)
iack, the -2dBm output
puints are disabled to in-
sure that carrier overload
does not occur because of
improper connections.

4-Wire Impedance: 800 ohms balanced.

Trans-hybrid Loss Correciion

Range: 0 to 30, 8dB in 0. 2dB steps.

Return Loss Measurement

Range (4-Wire): 80.8dB; 10dRB on
meter, +40dEB (ADD dB control),
+30. 8dB trans-hybrid loss correction
(THL dR),

Longitudinal Balance: >704B at 100Hz;
>55dB at 3klHz,

2-WIRE RETURN LOSS OPFRATION:

Balance of Internal Hybrid: >>50dB.

Frequency Response of Internal Hybrid:
200Hz to bkHz,

Internal Network Impedance: 600 or
900 ohms 0. 1% in series with a
2.16uF +1% capacitor,

2-Wire Test Signal I.evel: 600 ohms,
-8dBm £0.2dB; 900 ohms, -9, 8dBm
0. 248,

2-9041-OM



- GENERAL

HOLDING COIL: 200 ohms nominal

resistance. 0-120mA dc current range.

Talk/Dial switch inciuded. Type 309
and 310 input connectors provided for
telephone dial get, pulse-sending MF,
or SF equipment. Holding coil split
center tap permiis external 48V supply
to be injected through front panel 310
jack (provides off-hook supervision on’
terminating incoming calls}.

TYPE OF CONNECTORS: WE Type 310
connector provided for all input and
output connections. WE Type 309 con-

nectors algo provided for 2-wire transg-

mit/receivé and Talk/Dial.

INSULATION TO GROUND: >600V dc,

RINGING SIGNALS: No damage will
result if 105V rms at 20Hz iz applied
for 10 seconds to the transmit or re-
ceive connectors.

Table -1-2.'. Function of Controls,

CONTROLS

POWER SWITCH: Two-position toggle
switch., Power ig on and battery will
charge when power cord is connected
.to the AC socket and the power switch
ig in the ON position, With power
cord disconnected, instrument is pow-
ered by internal batteries. Power
switch is mechanically set to off posi-~
tion when case lid is closed,

2-9041-0M
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‘\IBO AND DBOC DECADE CAPACITORS:
Contained in detachable case lid to per-
mit separate operation. Pushbutton
switch provided to apply a momentary
ac short acrogs DBO decade (used to
adjust compensation for trans-hybrid
logs of external 4-wire fermination
sets).

CAPACITANCE RANGE OF NBO AND
DBO DECADES: 0 to 0.11yF in 0. 001uF
stepa; accuracy *1%.

OPERATING POWER: 115/230V ac, 50
to 400Hz, 5 watts; or internal re-
chargeable battery, up to 8 hours
operation without charging.

NOTE
The internal battery is be~
ing recharged when the unit
is operating from anac supply.

SIZE AND WEIGHT: 12" x 9" x 9",
14 pounds (shipping weight 20 pounds},

Indicators, and Connectors

BATTERY CHECK SWITCH: Used to
determine battery condition. When
pressed, a reading above 6 on biack
meter scale indicates that the battery
has sufficient charge to operate the
instrument.

ADD dB SWITCH: Extends range of
front panel meter in 104B steps to
cover the total transmission level and
return loss measurement ranges of
the test set.

1-5



NETWORK SWITCH: Operates on 2-wire

return loss positions of TEST MODE
switch only, Provides internal refer-
ence network of either 600 or 900
ohms in series with a 2, 16uF capaci-
tor. An external circuit under test is
compared to this reference. A WE
Type 310 phone jack or GR Type 838
binding posts provide for connection of
an external network, such as a preci-
sion balance network.

RETURN LOSS TEST TYPE SWITCH:

Operates only on 4~-wire and 2-wire
return loss positions of TEST MODE
switch, Selects internal filters which
shape (weight) transmitter noise spec-
trum according to WE Specification

KS 20501 (see Figure 2-9}, or external
oscillator input.

ERL (Echo Return L.oss) is the mid-
voice band {580 to 1965Hz).

SRIL. 1.0 (Singing Return Loss-Low
Frequency) is a selected area at the
low end of the voice band {260 to
500 Hz).

SR1I. HI {Singing Return Loss-High
Frequency) is a selected area at the
high end of the voice band (2200 to
3400Hz).

EXT O5C provides a WE Type 310
phone jack to connect an external oscil-
lator when making structural return
loss measurements. As an alternative,
multifrequency or single frequency
supplies may be counected here for
signaling purposes through the test sef.

TEST MODE SWITCH: Selects either
level or return loss measurements as
follows:

TLevel measurements: 600 or 900
ohm circuits.
Return loss measurements: 2-wire,
600 or 900 ohm circuits or 4-wire,
600 ohm circuits.
In any 4-wire return loss posifion, the
THI. dB switches are connected,

THL dB SWITCHES: Used for 4-wire re-
turn loss operation only. Provides
correction for internal loss of hybrid
under test when making 4-wire mea-
surements, Up to 30.8dRB (in 0.2dB
steps) can be corrected for when used
in conjunction with the TEST MODE
switch, Also used to correct for +7
and -16 point levels on the drop side at
voice frequency paiching bays.

0dB ERL CAL ADJ CONTROL: Used to

adjust meter to zero when calibration
is performed as outlined in the instru-
ment lid.

MECHANICAL METER ZERO ADJUST
CONTROL {through the hole in the meter
bezel): Used to mechanically adjust

the meter zero with power turned
off, and with test set in horizontal or
vertical position as per office practice,

NBO CONTRQLS (in case lid): Provides
decade capacitance steps from 0.001 to
0. 11uF for use when gelecting network
buildout (NBO} capacitors in 4-wire
termination sets and Central Office
balancing etc.

2~-9041-0OM
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DBO CONTROLS (in case 1id): Provides

decade capacitance gteps from 0,001 to
0.11u¥ for use when selecting drop
buildout (DBO) capacitors for Central
Office balancing etc.

AC SHORT DBO SWITCH (in case lid):

Places ac short {8uF) across DBO jack
and captive cable in case lid. Used to
measure trans-hybrid loss {(THL) when
copnnected to 2-wire side of external
hybrid (used with THL dB switches).

TALK/DIAL, HOLD, OPEN (NORMAL)

SWITCH (used on 2-wire return loss

and level receive operation only):
Provides a means of dialing con-
nections to various circuits or
terminations for making level or
return loss measurements, Dial-
ing jacks provide a WE 309 or 310
phone jack for connection to &
handset or test frame. On/off
hook supervision on outgoing
trunks is provided in the HOLD

Section ]

SUPERVISION INDICATORS:

OUTGOING TRUNEKS

TIP BAT INDICATOR: Lights when
supervision battery from the line
on test is connected to the con-
nector tip (ring ground) to show
on/off hook status,

RING BAT. INDICATOR: Lignts
when supervision baitery from the
line on test is connected to the
connector ring (tip ground) to
show on/off hook status.

INCOMING TRUNKS

SLEEVE GRD. INDICATOR (needs

-48V de applied to SUPV. BAT.

ONLY jack): Indicates that the
gleeve has been grounded on 2W
TRMT/RCV or LEVEL RCV jacks.
L.ights when a calling incoming
trunk circuit is completed to the
test set at the outgoing trunk test
frame (OGT) of a crogsbar tandem
office providing that -48V dc has
been applied to the SUFPV. BAT.

and OPEN (NORMAL) positions, ONLY jack.

In the HOLD position, a holding
coil is placed across the trunk to
permit holding current to flow.
For incoming trunk measurements
made at the OGT test frame, a
~48V battery can be applied
through the split holding coil {(with
the switch in the HOLD position)
to maintain an off-hook condition.

CONNECTORS

2W TRMT/RCV, 4W RCV, LEVEL RCV

CONNECTORS: Provides a WE Type
309 and 310 phone jack and GR Type
938 binding posts for conmnection to the
circuit under tegt {no other connection
necessary for 2-wire return loss mea-
gurements), '

INDICATORS

FRONT PANEL METER: Indicates dB of
return loss from 0 to 10dB or dBrm
level from +2 to -8dBm; range for both
scales is extended by ADD dB switch,

 2-9041-OM 1-7



Section T

4W TRMT CONNECTORS (RETURN
10SS ONLY): Provides a WE Type 310
phone jack and GR 938 binding posts to
send a white noise test signal to exter-
nal circuits when making 4-wire return
logs measurements.
NOTE
The -2dBm output is dig-
abled when a plug is in-
gserted in the +7 (FROM
LINE) jack to prevent
carrier overload.

TWD LINE JACK (-16): Provides a trans-
mit output level attenuated 16dB (to a
~18dBm level) for 4-wire return loss
tests towards the line when measuring
on carrier channels,

SUPV. BAT, ONLY JACK -48 B AND G
WE type 310 jack accepts 48V
battery input for supervigion to
present off-hook condition (ring
to battery, tip to ground on 2W
TRMT/RCV and LEVEL RCV
jacks) to the trunk under test.
Off-hook condition is independent
of the sense of the battery input
on tip and sleeve or sleeve and
tip. This jack is used only when
battery and ground is needed from
the test set to provide off-hook
supervision on incoming trunks
for 2-wire return loss or level
receive measurements, or io
supply power for supervision
SLLEEVE GRD. indicator.

FROM LINE JACK {(+7) (used for 4-wire
return loss measurements only): Atten-

uates receive signal by 7dB for making

measurements over carrier channels.

NOTE
With a plug inserted in the
+7 {(FROM LINE} jack, the
~2dBm 4-wire transmit
output is disabled to pre-
vent overload on carrier
systems.

NBO CONNECTORS: Connect to NBO
decade capacitors in the case lid. Con-
nection made through captive cable
under instruction panel in the case lid,

DBO CONNECTORS: Connect fo DBO de-
cade capacitors in the case lid. Con-
nection made through captive cable
under instruction panel in the case lid.

310 NBO JACK (in case lid): Used when
the NBO decade capacitors in the case
lid are being used remotely from the
instrument as test capacitors. A plug
inserted in the 310 NBO jack cuts out
the captive cable (in the casge lid) from
the circuit,

310 DBO JACK (in case lid) Used when
the NBO decade capacitors in the case
lid are being used remotely from the
instrument as test capacitors. A plug
inserted in the 310 DBO jack cuts off
ithe captive cable (in the case lid) from
the circuit).

MISCELLANEQUS

1/10 A SB (¥Fuse): Provides circuit pro-
tection when line cord is connected to
115/230V ac lines. A spare fuse is
mounted inside case. See Figure 1-2,

AC RECEPTACLE: Provides connection
for ac line cord (stored in cage lid}.

2~9041-OM
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SECTION U
QPERATION
CONTENTS PAGE NOTE
2. OPERATING THE MODEL 9041 . . . 21 .
2.01 INTRODUCTION . . . . . . .. . 21 Bell System Practice 660-471-
2.02 PERFOBMANCECHECK . . . . . . 21 504, entitled "Crossbar Tandem
2.03 OPERATING PROCEDURES 2-1 Offices Test Equipment, Test
» o Circuits, and Terminations
{A) Supervision Circuit and 21 used in Through and Terminal
(8 ﬂiﬁéﬁ;:sur;rﬁar;ts oo 2:5 Balance Testing’' (dated Nov.
(C) Eche Return Loss and Smglng 1978}, uses the same test meth-
Point Measurements . . . . . .2-11 od for Echo Return Loss and
{0} 4-Wire ReturnLoss . . . . . . . 212 Singing Point measurements as
{E} 2-Wire Return Loss . . . 292 is used in the Model 8041,
(F) Central Office Through Balance
Measurements {Class 3 and _
higher offices only} . . . . 212 2.02 PERFORMA?‘?CE CHECK
{G) Central Otfice Terminal Balance The following procedure may be
Measurements . . . A5 1 upged if the operator wishes to check

{H} Carrier Channel Retum i.oss
and Singing Return Loss

Measurements . . . . . . . . .2:20
{1} Other Measurement
Applications . . . . . . . . .222

2.  OPERATING THE MODEL 9041

201 INTRODUCTICN

This section contains operating
procedures for using the Model 8041
Measuring Set to make level, through
and terminal balance, and other useful
measurements in Ceniral Offices.

C.O. 30 January, 1974
2-8041-OM

the measuring set for proper operation.
Detailed performance verification pro-
cedures are contained in Section III.

2.03 OPERATING PROCEDURES

{A} Supervision Circuit and
Indicators

ém The supervision circuit of the

Model 9041 measuring set enables
one man tec make return loss and level
measurements on 2-wire Incoming and
Qutgoing trunks., A TALK/DIAL and
HOLD feature provides a means of calling
up and holding fwhen necessary)the desired
circuit or termination to be measured.



Section iI

PERFORMANCE CHECK

STEP PROCEDURE

1 Ensure that the ac power cord is disconnected from the measuring set..
Switch the test set power ON,

2 Momentarily press the BATTERY CHECK switch, The meter ghould
indicate above 6 on the black scale if the battery is sufficiently charged
to operate the measuring set.

3 Set the conirols as follows:

NETWORK INT

RETURN LOSS TEST TYPE ERL

TEST MODE 2-WIRE RETURN LOS5 600 ohms
THL 4B 0.0

ADD dB ¢

NBO DECADE 0. 00u%

DBO DECADE 0. 00uF

TALK/DIAL, HOLD, CPEN OPEN

4 Check that the meter indicates 0 +0. 1dB. If necegsary, adjust the 0dB ERL
CAL ADJ control to bring the meter indication to within 0, 1dB of zero on
the black scale,

5 Short-circuit the 2W TRMT/RCV terminals, The meter should indicate
0 0. 1dB. Remove the short.

8 Patch the 4W TRMT terminals to the 4W RCV terminals., Set the TEST
MODE switch to 4~ Wire RETURN LOSS 0dB. Check that the meter indi-
cates 0 20, IdB. Adjusi the 0dB ERL CAL ADJ if necessary. Remove the
patch,

7 Patch the Central Office Milliwatt Supply (0dBm, 1kHz signal) to the
LEVEL RCV jacks. Set the TEST MODE swiich to LEVEL dBm, 600 ochms
or 900 ohms depending on the output impedance of the Milliwatt Supply.
Check that the meter indicates 0dBm (z0. 1dBm £ level accuracy of the
Milliwatt Supply used) on the red scale. Disconnect the Milliwatt Supply
from the measuring set. See paragraph 3.04 of Section Il if an acceptable
level accuracy reading cannot be obtained.

2-2 2-9041-OM
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205 A simplified diagram of the CGut-

going frunk supervision circuit is
shown in Figure 2-1, Tor Z2-wire Out-
going trunk measurements, the desired
circutt is dialed with the TATEK/DIAL,
HOLLY, OPEN switch in the TALK/DIAL
position. The TALK/DIAL switch is then
get to the HCLD position to provide a path
tor the de loop current through the hold-
ing coil,

2.06 Figure 2-2 is a simplified diagram
of the Incoming frunk supervision
circuit.  For d-wire Incoming trunk
measurements, the tests may be made
af various 2-wire access points such as
the Cutfgoing trunk (OGT) test frame,
For this purpose a -48V battery {signal
battery) is applied to the Model 83041
through an internal diode matrix and hold-
ing coil to the 2W TRMT/RCV or LEVEL
RCV jacks. The diode matrix is used to
ensure that an off-hook conditionis applied
to the line regardiess of the sense of the
baftery input.

Section 11

NOTIE

An off-hook condition is presented
as -48V on the ring and ground con
the tip. Some offices require the
reverse conditions for off-hook
supervision, When supplying su-
pervision, use the banana jacks
(binding posts) on the Model 3041,
since the battery sense can be
easily reversed by reversing the
hanana plug connections.

207 The RING. BAT. and TIP BAT.

indicators are status indicators
used to determine "on'' or "off'" hook
trunk conditions by checking the lead
polarity of the tip and ring of the 2-wire
connected trunk., The sleeve indicator
lights when a sleeve ground is present
frorm the connected trunk eguipment. This
indicator is most useful in crosshar tan-
dem offices when the Model 8041 ig con-
nected at the CGT to the Cutgoing link
appearance (OLS test jack) of the trans-
missgion test code,

2-Wire T { B .
TRMT/RCV o 1T To I't?rr_nmated
or +150 uF Measuring
Level RCV R Civcuits of

Jacks ~ © q H Model 9641
+150 pF

Talk/Dial T ; ? ('}p-enﬂ

T o b
Talk/ Dial

Jack

RING BATT,
Indicator

TIP BAT.
Indicator

Holding Coil

Figure 2-1. Cutgoing Trunk Supervision Circuit, Simplified Diagram

2-9041-0OM
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Section 11

T
& H To Terminated
Z-Wire +150 uF Mleasgrmgf
TRMT/RCV - Circuits o
or‘/ L %% ‘Model 9041
I.evel RCV L1856 4F
Jacks
5
[ S
Talk/Ial I A- Open_ T g I
SR RS
Sleeve Hold
Ground Holding Coil
Indicator .
‘ -t
. | .
-48V SUPV, : Diode |
BAT. Matrix !
T and S i
or
5 and T

Figure 2-2. Tncoming Trunk Supervision Circuit, Simplified Diagram

USE OF 2-WIRE SUPERVISION CIRCUITS AND INDICATORS (INCLUDING TALK JIDLAT

STEP PROCEDURE
2-WIRE OUTGCING TRUNKS (In all offices using reversge batfery answering
gupervision)
1 Connect a dial handset (or suitable pulse-sending equipment) to the
TALK/DIAT jack.
2 Set the TALE/DIAL, HGLD, OPEN switch to TALE/DIAL.
3 Establish a connection to the circuit under test then set the switch to HGLD
(off-hook condition).
NCTE
Cn/Cff hook status is shown by the TIP BAT, and RING BAT.
indicators. Fither indicator may light for on/off hook status
depending on the Central Cffice convention for off-hook con-
ditions.
4 Perform the desired measurements (level or return loss) at the outgoing
trunk.
3 Return the TALK/DIAL switch from HOLD to OPEN or TALK/DIAL as
necessary to release the switched connection,
2-4 2-8041-0OM
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USE OF 2-WIRE SUPER VISION CIRCUITS AND INDICATORS (INCLUDING TALK/DIAL)

STEP PROCEDURE

2-WIRE INCOMING TRUNKS (In common control offices)

trunk.

NOTE

The 48V input to the SUPV. BAT. ONLY jack is required
only if answer supervision (-48V and ground on tip and
ring) must be supplied at the test access jack,

NOTE

1 Connect a -48V signal battery to the SUPV. BAT. CNILY jack (tip and
sleeve, or sleeve and tip). Sense of the baftery is optional. (See paragraph
2,06).

2 Establish a connection from the originating (far) end of the circuit being

tested to the access jack where the Model 8041 is connected. After the

connection is completed, set the TALK/DIAL switch to HOLD to provide
off-~hook or answer supervision.

3 Perform the desired measurements (level or return lossg) at the incoming

The SLEEVE (ground} indicator lights when the sleeve of the
2W TRMT/RCV jack has been grounded by the machine to
indicate a completed connection, This occurs when the Model
904! is used in crossbar tandem offices for making 2-wire
measurements at the OGT test frame,

(B) Level Measurements

2.08 For level measurements, a 0dBm,
IkHz test signal is applied to the
sending end of the circuitf to be checked.
The receive end of the circuit is con-
nected to the LEVEL RCYV input jacks of
the Model 8041, The internal circuitry
of the measuring set used for level tests
is shown in Figure 2-3. The bandpass
filter prevents noise and extraneous
gsignals from affecting level and return
loss readings. As shown in Figure 2-4,

2-9041-0OM

the sharp dropoff in response outside the
200 to 5000Hz bandpass also prevents the
meagurement of signals outside of this
frequency range (such as 60Hz hum or
channel carrier leak above B5KHz).

2.08 Figures 2-5 through 2-8 show how

typical level measurements can be
made with the Model 9041, on 2-wire or
4-wire circuits (with and without super-
vision). Each figure is followed by a
procedure which describes the method
of making the measurem ent,
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b

NCTE

When making measurements
with the Model 9041 operating
on internal battery, check the
hattery voltage every 2 hours.
This is done by pressing the

checking that the meter reading
is above 6 on the black scale.

Always check that fest cords
are in good condition and test
plugs and iacks are polished
clean to ensure good connec-

‘ . tions.
BATTERY CHECK switch and
yjme— e s e e e e o 1
i 600/ Add '
: 900 dB i
I
200-500071z
Level ! §
gegv a f Band Pass II_JOf E
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Talk/ § Dial |
pial T Cpen
i SUPY., [
; told Circuit dBm :
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; |
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Figure 2-3, Level Measurement, Simplified Diagram
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Figure 2-4. Receiver Bandpass Filter Response
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0dBmm, 1lkH=z
(Milliwatt Supply}

OTLP
Near Fnd Par End 600/900 ohms
Test Test 7
Access Access
Jack Jack
s AV W e

2-Wire Circuit or
Trunk Under Test

Figure 2-5. 2-Wire Level Measurement {Without Supervision) Test Setup

2-WIRE LEVEL MEASUREMENT (WITHCUT SUPER VISION)

STEP PROCEDURE

1 Connect the signal source and the Model 9041 te the circuit or device under
test as shown in Figure 2-5,

2 Set the controls on the Model 39041 as follows:
TEST MODE LEVEL dBm {600 or 800 ohms as

applicable)

NETWORK INT
THL dB 0.0
ADD dB )
TALK/DIAL, HOLD, OPEN OPEN (NORMAL)

3 Measure the receive level on the LEVEL dBm scale (red), setting the

ADD dB switch as necessary to bring the meter reading on scale,

NOTE

The level in dBm = meter reading + ADD dBm setting, It
is valid with circuits presenling 600 or 900 ohm impedance,
If a level measurement versus frequency is desired, refer
to paragraph 2. 26 for atfenuation distortion (frequency
responsge) measurements.

2-9041-CM 2-7
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Near End Office

Voice Carrier
Frequency Channel
Patch Under
Bay Test
(VEFPR)
DEM
RCV ouT
:V o o {+7}
MOD
TRMT I
600 b0 & (-16)
]
¢
o e e o e (]
]
t
3
Carrier Ot
Channel lce
Under VFFB Miltiwate
{0 TLP}
Fest TRMT 18¢B
MOD © Ommn g B e v-——/VV\——----O
IN
{~-16)
BEM RCV
@ Ty ¢ 600
ouT "
{+7)

Far End Office

Figure 2-6. 4-Wire Level Measurement, Test Setup

4-WIRE I.LEVEL MEASUREMENT

STEP PROCEDURE

H Connect the test equipment as shown in Figure 2-6.

2 Set the controls on the Model 9041 as follows:
TEST MODE LEVEL dBm 600 chms
NETWORK INT
THL B 0.0
ADD dRB 0
TALK/DIAL, HCLD, OPEN OPEN (NORMAL)

3 Measure the level (red scale}, setiing the ADD dBm switch as required
to bring the meter reading on scale.

4 Level (dBm) = meter reading + ADD dB switch setting.

2-8 2-9041-OM
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Switching
loria Cffice
Way VLY Mitliwait
OGT A Trunk
- Circuit

Dial
Handset

Figure 2-7. 2. Wire Level Measurement {(With Supervision) on Cutgoing Trunks,
Test Setup

2-WIRE LEVEL MEASUREMENT (WITH SUPER VISION) ON CUTGOING TRUNKS

STEP PROCEDURE

H Connect the test equipment as shown in Figure 2-7.

A

Set the controls on the Model 8041 as follows:

TEST MODE LEVEL dBm (600 or 9200 ohms as
applicable)

NETWORK N

ADD AB o

THL dB 0.0
TALK/DIAL, TOLD, OPEN TALEK/DIAL

2

Set up a call {through the Model 90413 on the circuit to be fested to the
office milliwatt 1kFz test number. To measure the 1kHz test signal, set
the TALE/DIAL, HOLD, GPEN switch to HOLD.

NOTE

Either the TIP BAT. or RING BAT. indicator may light
for on/off hook status depending on the office convention
for supervision battery sense (see paragraph 2.06).

4 Measure the level (red scale), setting the ADD dB switch as reguirved to
bring the meter reading on scale, Level = meter reading + ADD dB
switch setfing,

o

Set the TALK/DIAL switch to OPEN or TALK/DIAL as necessary to
release connections to the circuit under test., Some connections may
not release with the TALK/DIAI, switch at OPEN because of the large
input capacitance of the measuring set,

2
!
o)

2-9041-0M
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e
¢

Office
Milliwati
Supply

(0dBm, 1kHz)

i of 2 .
& #F8 e HIN Y
@ — % Switchin oo
&eaan @ a@% 1 or 2 =wiehing Test
E Wa o 1 or 2 Board
VW-O———-—I Y e W’Ziy & VR
THE omma? -
OGGT L
Trunk
~-48Y
Signal
Battery
Figure 2-8, 2-Wire level Measurement? (With supervision) on Incoming Trunks,
Test Setup
2-WIRE LEVEL MEASUREMENT (WITH SUPERVISION) ON INCOMING TRUNEKS
STEP PROCEDURE
1 Connect the test equipment as shown in Figure 228,
2 Set the controls on the Model 9041 as follows:
TEST MODE LEVEL dBm {800 or 900 chms as
applicable)
NETWORK INT
ADD dB 0
THL dB G.0
TALK/DIAL, HOLD, OPEN OPEN
3 Establish an connection from the originating (far) end of the circuit being
tested to the access jack where the Model 9041 is connected. After the
connection is completed, sef the TALK/DIAT, switch to HOLD to provide
off-hook or answer supervision.
NOTE
The 48V input to the SUPV, BAT. ONLY jack ig
required only if answer supervigion (-48Y and ground)
must be supplied at the test access jack,
4 Measure the level (red seale), getting the ADD dB switch as necessary
to bring the meter reading on scale,
Level (dBm) = metfer reading + ADD dB switch setting.
b sSet the TALK/DIAL switch to CPEN or TALK/DIAL as necessary to
release the connection,
2-10 Z2-8041-0M
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(A5}

{C} Echo Return Loss and Singing
Point Measurements

210 The WILTRON Model 2041

Measuring Set provides Echo
Return Loss (ERL) and Singing Paint
(SP) meaguremenis over a range of
-10dB (+10dB return gain} to 50dB
return loss on both 4-wire and 2-wire
circuits. The measurement results
are compatible with Western Eleetric
Specification KS#20501.

241 To make these measurements,

the measuring sei produces a
white-noisge {(noise covering a wideband
of freguencies) test signal extending cver
three selectable bandwidths {see Figure
2-8), The bands are defined as Echo
Return l.oss (ERIL.), Singing Return Loss
Low (SRL. 1), and Singing Return Loss
High (SRI. HI}. The ERL test signal
compares with that of the combined
weighting (shaping) provided by a WE
Type 201 Noise Generator and WE Type
4558 and 497A "C'" message weighting
filters. The test signals for the SRL LO
and SRI. HI bands give measurements
that are equivalent to the singing point
measurements obtained using test equip-
ment such as a WE Type 2D Singing
Point Test Set.

Section 11

212 When making Singing Return Loss

measurements, the loss in dB is
measured for the SRL, L.O and SRL HI
hands. The band which provides the
iowest return loss reading is the fre-
quency range in which singing is most
likely to oocur. Some typical causes of
low ERIL and SRL LO readings in Ceuntral
Ciffices are:

1. Defective 4~wire terminating sets
{(HMybrid Transformers}).

2. lmpedance compensators improperly
adjusted.

3. Repeat coils incorrectly wired,
4, Excessive circuit noise.

Typical causes of a low SRL HI reading
are:

1. Incorrect value of NBCO or DBO
capacitors (see procedures in this
section).

Central Cffice wiring incorrect,
Improper circuit terminations.

Hxcessive circuil noise,

[ R - N N

. Aand B leads on 4-wire terminating
sets improperly connected.

ERIL SRI-HI

|

G
B e - o e e e o 2RO - - - - - BOD@ M SE0 - - - - e e e oo -
1t
-Z20 -
-20 R ! i
100 200 00 1oos 2000 5000

Figure 2-9,

2-9041-0OM
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{D) 4-Wire Return Loss

213 Figure 2-10 is a simplified dia-

gram showing the Model 9041 being
used for 4-wire return less measure -
ments, The noise signal is applied to the
circuit under test through the selected
noise weighting filter. Alternatively, an
external coscillator signal can be applied
to make structural return loss measure-
ments. The receive signal is applied
through the ADD dB switch, a trans-
hybrid loss correction circuit, a band-
pass filter, and a logarithmic detector
to indicate the return loss level on a
linear dB scale. The 16dB and 7dB
padg are included for circuits requiring
transmit signals at a -16dB point and
receive signals at a +7dB point.

{E} 2-Wire Return Loss

244 The Model 9041 measuring set

ig used for 2-wire return loss
measurements as shown in Figure 2-11.
The transmit and receive signals are
applied through an internal precision
hybrid. The circuif under test is
checked against an internal compromise
balance network (600 or 200 ohms in
gserieg with 2, 16uF). An external net-
work such as a precision balancing
network {PBN) can be connected if
desgired for structural return loss
measurements, etc.

216 NBO and DBO Decade Capacitors.
Network buildout (NBO) and drop
buildout (DBO) decade capacitors (in the
case 1lid) are used for measurement and
adjustment of Central QOffice Through

and Terminal balance or cable completion

tests.

216 Cn/Cff Hook Supervision and indi-

cators - On/Cf hook supervision is
provided and supervision indicators in-
cluded for both Cutgoing and Incoming 2-
wire trunks. This ig applicable to both
level and 2~wire return loss measure-
ments. A TALK/DIAL switch is alge
provided to simplify circuit setups {see
paragraph 2. 04},

(F} Central Office Through Balance
Measurements {Class 3 and
higher offices only)

2.17 Through balance is the process of

averaging the echo return loss and
singing return logs measurements made
at the 4-wire arms of the terminating sets
for all combinations of intertoll through
paths in the office. These measurements
involve the office equipment and 4~wire to
4-wire paths only. The objective of
through balancing is to match the Z-wire
impedance of the 4-wire terminating sets
of Incoming trunks to that of the 2-wire
impedance of the 4-wire terminating sets
of the QOutgoing trunks on a uniform basis
regardless of the path used through the
office,

218 For through balancing, the first

step is the selection of the neiwork
buildout (NBO) capacitor value, Usually
this is done by making return loss read-
ings on many different paths through the
office, and adjusting the NBO capacitor
value for the highest return loss reading.
The average of the NBO readings is
usually considered to be the office NBO
value that is strapped in on all of the 4-
wire terminating sets in the office. The
NBO decades in the Model 9041 case lid
can be used to facilitate the selection of
the NBO value,

2-9041-CM
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21¢  When the return loss and singing
point ohjectives cannot be met hy
averaging and selecting an NBO compro-
mige value, it will be necessary to use
drop buildout {DBO) capacitors. The trunk
DBG capacitors make the shorter through
paths appear electrically longer so that
all of the paths have approximately the
game capacitance. In general, the optimum
value of the DBO capacitors is found by
measuring the Singing Return L.oss High
(SRL I} and adjusting the value of the
DBQO capacitor (using the DBO decade

Addust for
masx, return
loss reading ™

-

capacitors in the case 1id} for maximum
return loss reading. This optimum value
of B0 capacitance is then strapped into
the circuit under test. Individual Plant
Fractices contain detailed information
and should always be adhered to before
making these adjustments,

Through balance may be performed
using an office test hybrid (one
typical of those used in the Central Gifice)
with the Model 9041 measuring set,

2.20

Adjust for
max, return
logs reading

Part of
Office l" L - intertoll Connecting
Test Drop .~ ’/ Trunk Eguipment
A Pra ; Switching e | é
er"—j‘?] : ¢ Equipment i Gt o BO0n, 1%
ole 4T bt I i CTRMT ﬁ
hrid L WY ! ; o o
Hybrid ' Yo ; Hybrid VRGN
]
! | % : |
' : % i o Te
: NBO 1 . NB i
; V‘ o 5 5 DBO DBO : ™ : v ﬁ{]ﬁn, 1%\
2
TRMT e o s — o L o e e e = ' mCy
BE@ TN 4-Wire 4~ Wire G
Terminating Set Terminating Set  QuT

Figure 2-12, Through Balance Typical Test Setup, 4-Wire Operation

THROUGH BALANCE, ECHO RETURN LOSS, AND SINGING POINT
MEASUREMENTS, 4-WIRE OPERATION

STEP PROCEDURE

1 Check that the NBO capacitor in the representative hybrid used for testing
is the correct value for the Central Office convention (see paragraph 2,18},

2 Establish & connection {(drop dial) through the office to an intertoll connecting
trunk under test, using the office test hybrid and associated drop equipment,

3 After the outgolng trunk has been identified, terminate the drop side of the
4-wire hybrid arms of the trunk under test with 660 ohm (1% or better) termin-
ating plugs.

4 Patch from the TRMT and RCV jacks on the Model 9041 to the office test
hybrid TRMT EQ IN and RCV EQ OUT jacks {4~wire arms). See Figure 2~ 12,

2-9041-CM
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THROUGH BALANCE, ECHO RETURN LOSS, AND SINGING POINT
MEASUREMENTS, 4-WIRE CPERATION {CONT.)

STEP PROCEDURE

5 Patch the DBO decades {in Model %041 case lid) to the 2-wire drop side of
the office test hybrid,

6 Set the controls on the Model 98041 as follows:
NETWORK INT
ADD dB 0
RETURN LOSS TEST TYPE ERL
TEST MODE 4-WIRE RETURN LOSS, 0dB
THL dB 0.0
TALK/DIAL, HGLD, OFEN OPEN
NBO DECADE 0.00uF
DBO DECADE C.00uF

7 Adjust the THL dB decades for the amount of trans-hybrid less through the

office test hybrid. If this value is unknown, press and hold the AC SHORT
switch (in Model 9041 case lid) while adjusting the THL dB controls for a
0dB reading, Release the AC SHORT switch,

8 Measure the Echo Return Loss {ERL), setting the ADD dB switch to bring
the meter reading on scale. The reading obfained is the echo return loss
of the office through measurement to the intertoll connecting trunk., Note
the reading.

9 Measure the Singing Return Loss High (SRL HI) and Singing Return Loss Low
(SRL L0}, setting the RETURN LOSS TEST TYPE switch as necessary.

Note the readings. The lowest of the two readings is considered to be the
singing return loss (ginging point) of the connection under test.

10 Repeat steps 1 through 9 for all combinations of intertoll through paths in the
office to obtain average office balance readings.

NOTE

If any one of the three measurements does not meet
specifications for the particular class of office, refer
to paragraph 2. 12 for typical causes of low readings.
Relative noise level can be checked by setting the
RETURN LOSS TEST TYPE switch to EXT OSC and
noting the meter reading. The noise reading must be at
least 10dB lower than the return loss reading.

11 To optimize the readings obtained in steps 8 through 10, refer to individual
Plant Practices on Through Balance describing NBO and DBO adjustments
and compromises. The NBO and DBO decades in the case lid can be used
to facilitate these adjustments.

2-9041-0OM 2-15
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{G} Central Office Terminal Balance
Measurements

2.21 Terminal balance consists of
matching the 2-wire impedance of
the 4-wire terminating sets of the inter-
toll trunks to the 2-wire impedance of the
toll connecting trunks (usually Z-wire}.
Terminal balance involves various com-
binations of office eguipment and wiring
in toll offices connecting to test termina-
tions in end offices. The objective of
terminal balance is to obtain a trans-
mission quality for tne toll office that
permits it to switch intertoll trunks at
Via Net Loss (VNL) level to toll connect-
ing trunks at VNL +2dB which represents

the overall objective of the Direct Distance

Dialing Network,

222 Tor terminal balancing, the NBC

capacitors are normally adjusted
with the trunk at the end office termin-~
ated in a standard impedance such ag 900
ohms and 2. 16pF. When ERIL. and SRL,
objectives for terminal balance cannot be
met by averaging and reaching a compro-
mise NBO value, it may be necessary to
provide some of the shorter trunk paths
with DBO capacitors. Figure 2-13 shows
a typical test setup for terminal balance
measurements.

2,23 TFollowing are separate test setup

diagrams and procedures for per-
forming 4-wire and 2-wire terminal hal-
ance measurements,

Adjust for
max, return

loss reading

P L I e,

1 ,’ Switching
i Equipment 600+

/
4

T 2. 16uF

DBO Quiet Termination
{Code 130 Balance
Termination)

i
|

1

! NN

, VANMVAN

. L
13

1

}

!

Terminating

Figure 2-13. Terminal Balance Typical Test Setup, 4-Wire Cperation
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TERMINAL BALANCE, ECHO RETURN LOSS, AND SINGING POINT
MPASUREMENTS, 4-WIRE OPERATION

STEP PROCEDURE

1 Check that the NBO capacitor in the representative hybrid used for testing
is the correct value for the Central Office convention (see paragraph 2. 18).

2 ising the office test hybrid and agsociated drop equipment, establish a
connection through the office (drop dial) to the office termination number or
to a toll connecting trunk capable of accessing a balance termination mumber
{see Figure 2-13}.

NOTE

The office test termination is also referred to as
a quiet termination number, and is assigned as
Code 100 in many common control offices.

3 Connect the test equipment as shown in Figure 2-13, with the DBO decades
(case lid) patched to the 2-wire drop side of the office test hybrid.

Set the controlg on the Model 3041 as follows:

NETWOREK INT
ADD dB 0
RETURN LOSS TEST TYPE ERL
TEST MODE 4-WIRE RETURN LOSS, 0dB
THIL. dB 0.0
TALK/DIAL, HOLD, OPEN OPEN
NBO DECADE 0.00uF
DBO DECADE G.00uF
4 Adjust the THL dB decades for the amount of trans-hybrid loss through the

office test hybrid. If this value is not known, press and hold the AC SHORT
switch (case lid) while adjusting the THL dB decades for a 0dB reading.
Release the AC SHORT switch,

5 Measure the Echo Return Loss {FRL), setting the ADD dB control as
reqguired. Note the reading.

& Measure the Singing Return Loss High (SRL HI) and Singing Return Loss
Low (SRL LO), setting the RETURN LOSS TEST TYPE switch as necessary.
Note the two readings. The lowest of these readings is the Singing Point

of the circuit,

7 Repeat steps 5 and § for all remaining combinations of toll connecting trunk
paths in the office.

NOTE

1f any one of the three measurements does not meet speci-
fications for the particular class of office, refer to para-
graph 2. 12 for typical causes of low readings.

8 To optimize the return loss readings obtained in steps 5 through 7, refer to
Individual Plant Practices on Terminal Balance. The NBO and DBO decades
in the case lid may be used to facilitate the adjustments.

2-9041-0OM 2= 117
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Switching
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Figure 2-14. Terminal Balance Typical Test Setup, 2-Wire Cperation

TERMINAL BALANCE, ECHO RETURN LOSS, AND SINGING POINT
MFEASUREMENTS, 2-WIRE OPERATION

STEP PROCEDURE

NOTE

This is an alternate procedure that can be used in 2-
wire switching offices to enable measurements to be
made by only one craftsman, In this cage the internal
hybrid of the Model 9041 is used in place of the office
test hybrid. Therefore, the measured values do not
include the effects of the near end office test hybrid
and associated drop equipment cabling., This measure-
ment method should be used only if allowance is made
for these effects. The readings obtained using this
method should be compared with those of the preceding
4-wire procedure. If the results closely agree (within
1dB), this procedure can be used to simplify office
terminal balance.

1 Set the NBO decade in the cage 1id to the NBO capacitor value for the
Central Gffice being tested.

2 Connect the test equipment as shown in Figure 2-14, with the NBO decades
{case lid) patched to the test set,

2-18 2-8041-CM
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TERMINAL BALANCE, ECHO RETURN LOSS, AND SINGING RETURN LOSS

MEASUREMENTS, 2-WIRE OPERATION (CONT.)

STEP

PROCEDURE

3

Set the controls on the Model 9041 as follows:
NETWQRK INT
ADD dB 0

TEST MODE 2-WIRE RETURN LOSS
{600 or 900 ohms as applicable)

RETURN LOSS TEST TYPE ERL
TALK/DIAL, HOLD, OPEN As required (See paragraph 2,04}
NBO DECADE Office NBQO value

Establish a connection through the reference intertoll trunk and switching
equipment to a toll connecting trunk (see Figure 2-14}.

After the connection has been established, terminate the office side of the
toll connecting trunk with a proper balance test termination (600/900 ochms,
2.16upF).

Measure the Echo Return Loss (ERL), setting the ADD dB control as
required. Note the reading.

Measure the Singing Return Loss High (SRL HI) and Singing Return Loss Low
(SRL. LO), setting the RETURN LOSS TEST TYPE switch as necessary.
Note the two readings. The lower of the two readings is considered to be
the Singing Point of the circuit,

Repeat steps 5 through 7 for all intertoll to toll connecting paths in the
office to obtain average office balance readings.

NOTE

If any one of the three measurements does not meet specifi-
cations for the particular class of office, refer to paragraph
2.12 for typical causes of low readings. Relative noise level
can be checked by setting the RETURN LOSS TEST TYPE
switch to EXT OSC and noting the level (should be at least

16dB below the return loss reading}.

To optimize the readings obtained in steps 6 through 8, refer to individual
Plant Practices for Terminal Balance. The NBO and DBO decades in the
cage lid may be used to facilitate these adjustments.

2-9041-0M
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{H} Carrier Channel Return Loss
and Singing Return Loss

Measurernents

2924 The Model 8041 provides two padded
jacke to introduce 23dB of loss for
making return loss measurements over
carrier channels, The transmit jack,
marked TWD LINE (~18) provides a test
signal to the carrier voice channel input
(MOD INPUT) that ig atf{enuated by 16dB
The receive jack,
marked FROM LINE (+7) attenuates the
voice output (DEMOD OUT) of the carrier
channel by 7dB (to a -2dBm level). This
feature facilitates making a measurement
toward a distant office to determine the

(fo a ~-18d4dBm level),

quality of the connected channel, irunk,
and office equipment for ERL and singing
point objectives. In practice, & connection
ig established to another office over a car-
rier channel and return loss readings
taken. The readings should comply with
ERL and Singing Point objectives for the
distant office. If the readings are below
specifications, the far end Mod and

Demod channel voice access points can

be split (terminated) to determine whether
the carrier channel is at fault or the far
office has balance problems. A typical
test setup for carrier channel return loss
measurements is shown in Figure 2-15,

* Ensure that all drop equipment
is removed. This is necessary
1o prevent any double terminations
which cause inaccurate readings.

Near End
Office
Voice Carrier
Fregquency Channel
Patch Under
Bay Test
IVEPR)
i ROV DEM
A Vant < OUT
(+7)
- TRMT M;;TD
TV {-16)
1
1
]
Y
i
I
Far End it
O ffic:.(‘. Type
(VFPE) Signaling
MOT iInit mT e
oo o o : i Switching
(- 16 i ] )
! : : H AVERY)
1
: ,{ybr id ; /\ Ay l
T '
DEM 1 NRO |
OUT & o B ' T
() i !
b e e ! Guiet Termination
4-Wire {Cede 100 Balance
Terminating Set Termination}

Figure 2-15,

2-20

Carrier Channel Return Loss Measurements, Typical Test Setup
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CARRIER CHANNEL ECHO RETURN LOSS AND SINGING RETURN LOSS
MEASUREMENTS

STEP ' PROCEDURE

1 Line dial the circuit under test to the balance termination in the distant
office.
NOTE

The balance termination is also referred to as
a quiet termination number, and is assigned as
Code 100 in many common control offices.

2 Connect the Model 9041 as shown in Figure 2-15,

3 Set the Model 9041 controls as follows:

NETWORK INT

RETURN LOSS TEST TYPE FRL

TEST MCDE 4-WIRE RETURN 1.0OSS, 0dB
TALK/DIAL, HOLD, OPEN OPEN

ADD 4B 0

THL JdB 0dB

4 Have the distant office place a short on the 2-wire side of the hybrid for the
circuit under test. While the short is applied, adjust the THL dB decades
for a 0dB reading on the Model 9041, Remove the short,

5 Measure the Echo Return Loss (ERL), setting the ADD dB switch as
necesgsary to bring the meter reading on scale. Note the ERL reading.
(ERL = meter reading + ADD dB setting. )

6 Measure the Singing Return Loss High (SRL. HI) and Singing Return Loss
Low (SRL LO), setting the RETURN LOSS TEST TYPE switch ag necessary.
Note the two readings. The lowest of these readings is the Singing Point of
the circuit,

7 Compare the readings obtained in steps 5 and 6 with the Terminal balance
measurements previously made in the distant office to determine if the
associated carrier channel degrades the ERL, SRL HI, or SRL LO read-
ings (see paragraph 2.24),

8 Repeat steps 1 through 7 for the remaining carrier channels in the office,
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{1} Other Measurement Applications

225 The Model 8041 measuring set
can also be used to make other
measurements such as:;

1. Atienuation distortion (frequency
response} checks.

2, (Cable capacitance {terminated or
unterminated cables) measure~
ments,

3. Impedance measurements of cable
pairs and networks.

4. Echo Structeral Return Loss and
Structural Return Loss Measure-
ments for cable completion tests.

5. Impedance Compensator Adjust-
ments.

2,26 Ior attenuation distortion
(frequency response) measure-
ments, the Model 9041 measures the
output level of the circuit under test
while the frequency of the test signal
ig varied over the desired range (within
200 to 5000Hz}. The outpul level versus
frequency can then be plotted on a graph
if desired to obtain a frequency regponse
curve for the circuit under test,

227 Cable capacitance measurements

are made with the Model 8041 by
uging the NBO decades in the case lid as
a precision capacitance reference. The
capacitance of the cable under test and
the NBQ decade capacitance are connect-
ed to opposite arms of the internal pre-
cision hybrid. When the NBO decades are
adjusted to balance the hybrid, the NBO
capacitance value selected is equal to the
cable capacitance. The internal precision
reference {900 42, 16uF) is switched in
for terminated cable measurements and
iz not required for unterminated cable
capacitance measuremenis.

228 The Model 89041 can be used to
measure the impedance of a

circuit or device at three frequency

ranges described ag ERIL, SRL 1O,

and SRIL, Hl. The fregquency ranges
covered by the three bands are as
follows:

ERL. - 660 to 1960Hz
SRL LO ~ 260 to 500Hz
SRL HI - 2200 to 3400Hz

To make the impedance measurement,
the Model 8041 is operated with the 4-
wire transmit output patched to the
4-wire receive input. This establishes
a 0dB return loss reference (100%
reflected signal), When the impedance
to be measured is connected to the 4-
wire receive terminals, it absorbs
some of the reflected gignal. The
amount of signal absorbed is inversely
preportional to the impedance value and
produces a return loss reading between
0 and 1248 for impedancesg from 100
ohms to approximately 18 kilochms (see
Figure 2-21),

22 Echo structural return loss

measurements are rade using
the Model 9041 in conjunction with two
precision balancing networks. One nei-
work is connected to the reference arm
of the internal precision hybrid. The
second network is used to ferminate the
cable pair under test. The Echo Heturn
L.oss of the cable pair is measured to
determine how closely the cable pair
impedance matches the impedance curve
of the PBN over the ERL frequency
range. The NBCU and DBO decades are
connected across the reference and
measuring arms of the internal pre-
cision hybrid te balance out any react-
ance of the cable pair in order to obtain
an accurate return loss reading. The
method used for making a Structural
Return Loss measurement is similar to
that degeribed for Echo Structural Return
Loss, except an external oscillator is
used for the test signal instead of the
ERL signal., The oscillator frequency
is varied over the range appropriate for
the cable loading used and the refurn
loss readings noted.
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230 The Model 9041 can also be used
for making adjusiments of the

frequency corrvector nefworks in imped-
ance compensators. The return loss of
the properly terminated impedance com-
pensator 18 measured using the FRI.,
SRI. 106, and SR1. HI test signals. Us-
ually the frequency corrector networks

& o

e BB 6

88

Section I

are adijusted using the test signals as
follows:

ERL - mid frequency network,

SRI. LO ~ low frequency network.
SRE HI - high frequency network.
Fach network is adiusted to chiain
maximum return logs reading .

Circuit or Audio
Device Caciilator
Under 660/900 ohms

Test
O s 2y Out

Figure 2-16.

Attenuaiion Distortion { Frequency Response) Measurement,

Pest Baetup

ATTENUATION DISTORTION (FREQUENCY RESPONSE) MEASUREMENT

STEP PROCEDURE

1 Connect the test equipment as shown in Figure 2-16,

2 Set the controls on the Model 9041 as follows:
NETWORK INT
TEST MODE LEVEL dBm, 600 or 200 ohms,

as applicable

ADD dB 0
TALR/DIAL, HCLD, OPEN OPEN

3 Set the audio osciliator to lkHz, and adjust the ouiput level {o 0dBm. Wole
the reading on the Model 3041 meter red scale. This reading will serve as
the reference level.

4 Slowly tune the audic oscillator over the desired frequency range {within 200
to 5000HzY, noting the minimum and maximum meter indications (or a step-
frequency oscillator may be used). Frequency responsc is the reference
level + maximum and - minimum vaiues + ADD dB switch setting referred to
the response at 1kHz.

2-9041-CM 2-2
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Cable Tnder Test
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Figure 2-17. Cable Capacitance Measurement {Terminated Cahle Pair), Test Setup

CABLE CAPACITANCE MEASUREMENT {(TERMINATED CABLE PAIR)

STEP PROCEDURE

1 Set up the test connections as shown in Figure 2-17.
2 Set the controls on the Model 9041 as follows:
NETWORK N
RETURN LOSS TEST TYPE SRI. HI

TEST MODE 2-WIRE RETURN 1LOSS (600 or
300 ohms to match the cable
pair terminating impedancel

TALE/DIAL, HOLD, OPEN OFPEN
ADD dB % 0
NBO DECADE 0,00k

3 Adjust the NBO decade (case lid) for maximum return loss reading, setting
the ADDAB switch as necessary o bring the reading on geale, The capaci-
tance to be measured, Cy = NBO setting in pF.

NOTE

The maximum refurn loss reading should exceed 2048,
I not, the Model 9041 or the cable under test may be
termipated with an incorrect impedance. Repeat (or
loading) coils may he in the cable under test as long as
correct impedance terminations are used.
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Cable Under Test

.._,.d..)}..--..

Figure 2-18. Cable Capacitance Measurement (Unterminated Cable Pair), Test Setup

CABRLE CAPACITANCE MEASUREMENT (UNTERMINATED CABLE PAIR)

STEF PROQCEDURE
1 met up the connections as shown in Figure 2-18. No repeat coils should be

in the cable under test.

2 Set the controls on the Model 5041 as follows:
NETWORE PXTE
RETURN 1.0S5 TEST TYPE SRI HI
TEST MODIE 2-WIRE RETURN LOSS (600 or
900 ohms, as applicable)
TALK/DIAL, TIOLD, OPEN OPEN
ADD dB 0
NBO DECADE 0. 00uF
3 Adjust the NBO decade (case lid) for maximum return loss reading, setting

the ADD dB switch a8 necessary to bring the reading on scale, The capaci-
tance io be measured, C. = NBO seiting in uF.

NOTE

The maximum refurn loss reading should exceed
20dB.  If not, the Model 9041 may be incorrectly
set to INT NET or the cable pair has something
connected across it.
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Impedance
Being
Measured

? 97

Figure 2-19, Impedance Measurements, Test Setup

IMPEDANCE MEASUREMENTS OF CABLE PAIRS AND NETWOREKS

STEP PRCCEDURE

i Make test connections as shown in Figure 2-19,

2 sSet the controls on the Model 9041 as follows:
NETWORK INT
TEST MODE 4-WIRE RETURN LOSS
RETURN LOSS TEST TYPE ERIL
ADD dB 0
THL dB 6.0
TALK/DIAL, HOLD, OPEN OPEN

3 Measure the return loss reading, setting the ADD dB switch as required to
bring the meter on scale,

4 Use the conversion chart (Figure 2-20) to convert the return loss read ing to

impedance in ochmg, See paragraph 2.28 for a description of this measure-
ment.

NOTE

This test measures impedance of the ERL frequency
range of 560 to 19656Hz. Switch to SRL LO or SRL HI
to measure the impedance of the circuit on test at
frequency ranges of 260 to 500z, or 2200 to 3400Hz,
respectively. An audio oscillator (EXT OSC) can also
be used for measurements at a desired frequency.

2-9041-CM
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{As Read on
RETURN Model 5041
LOSS (dB) Meter)

i
|
I
Ty
il
!

12

s gt

600 800 1K 2K 5K 20K
IMPEDANCE (Chms)

160 200 300 4060

Figure 2-20. Conversion Chart, Return Loss {dB) Reading on WILTRON 8041
to Impedance
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Network A :
Lo o j s Out
T # 8 #
e 2 e §
e sy ’ & ]
| Precision
Balancing
' Network
Cable Pair Under Test ﬁ'
i &
Y peto
!

Near Fnd | Par End
Office b Office

Figure 2-21. ¥cho Structural Return Loss Measurements, Typical Test Setup

ECHO STRUCTURAL RETURN LOSS (ESRL) MEASUBRFMENTS

STEP PROCEDURE

1 Connect the test equipment as gshown in Figure 2-21, using PBN's having
the same characteristics as the cable pair on test,

2 Set the controels on the Model 9041 as follows:
NETWORK EXT

TEST MODE Z-WIRE RETURN LOSS (600 or
900G ohms)

RETURN LOSS TEST TYPE SR HE
TALK/DIAL, HOLD, OPEN QPN
ADD AR 0

NBG DECADER 0.00pK
DBO DECADE G.06p 1

3 Measure the refurn logs, setting the ADIY 4B switeh as necessary to bring
the meter indication on scale,
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ECHO STRUCTURAL RETURN LOSS (ESRL) MEASUREMENTS (CONT. )

STEP

PROCEDURE

Adjust the NBO decade in steps and note any change in the return loss
reading. If the reading increases, adjust the NBO decade for a maximum
meter indication, If the reading decreases, set the NBO decade to 0. Q0uF
and adjust the DBO decade instead for maximum meter reading.

NOTE

This step balances cut any line reactance go that a
irue return loss reading can be obfained,

Switch the RETURN LOSS TEST TYPE switch to ERL,

Note the Echo Structural Return Loss reading. ESRI. = meter reading
+ ADD dB switch setting. If the ¥ESRL reading is below reguirements,
it is recommended that structural return loss measurements be made
to uncover any cable irregularities.

STRUCTURAL RETURN LOSS MEASUREMENTS

STEP

PROCEDURE

Perform steps 1 through 2 of the previous procedure, except connect the
audio oscillator (set to 1kHz) to the EXT OSC jack of the Model 8041, Set
the RETURN LOSS TEST TYPE switch to EXT OSC, the ADD dB switch to
0 and the NBO and DBO decades to 0, 00uF.

Disconnect the cable pair on test from the 2W TRMT/RCV jacks, Adjust
the audio oscillator output level for a 0dB reading on the Model 8041,

Reconnect the cable pair on test to the 2W TRMT/RCV jacks, then set the
NBC and DBO decades tc the values used in step 4 of the previous ESRL
procedure.

Tune the audio oscillator over the frequency range of 200 to 3500Hz (for
cable uging HE8 loading) while noting the variation in return less readings.
This is the structural refturn loss of the cable pair on test.

NOTE

The structural return loss readings can be used to
plot a chart which shows the effect of irregularities
in loading of the cable pair.

2-9041-0M
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Near End : Far End
Qffice ) Office
Compensator or !
Repeater Unit *I,'t;
or Test Stand X 9000
i
2. 16uF
RL Test Jack ;‘; T
7 !

i ¢

Figure 2-22, Impedancé Compensator or Negative Impedance Repeater
RI. Adjustments, Test Set-up

IMPEDANCE COMPENSATOR & NEGATIVE IMPEDANCE REPEATER RL ADJUSTMENTS

STEP PROCEDURE

1 Connect the test equipment as shown in Figure 2-22,

2 Set the controls on the Model 5041 as follows:
NETWORK INT
TEST MODE Z-WIRE RETURN LOSS, 9000
RETURN LOSS TEST TYPE ERL
ADD dB 0
TALK/DIAL, HOLD, OPEN OPEN

3 Measure the return loss, setting the ADD dB switch as necessary to

bring the reading on scale,

4 Adjust the mid-frequency, low frequency, and high frequency corrector
networks on the repeater or compensaior as described in the individual
Plant Practice for these adjustments.

NOTE

Generally, the corrector networks are adjusted
using the following fest signal conirol settings:

ERI, - Mid frequency corrector network
SRI. HT - High frequency corrector network
SEL LO - Low frequency corrector network

If loaded cable is used between the Near End and Far End
Offices, the SRL~HI reading will show the effect of high
frequency roll-off ag a lower return loss than would be the
cagse with a flat or unloaded line. However, the resulting
High Frequency corrector network setting is still optimum
when the return loss reading is maximum,

2-30 2-9041-OM
Changed: 4 May 1976
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301 The performance checks in the fol-

lowing paragraphs enable the user to

verify that the Model 9041 Measuring Set

meete the design specifications,

2-9041-0OM
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These

checks may be performed upon receipt of
the measuriag set (prior to use) or when
the unit has been repaired or failure is

suspected,

3.02 The per‘fm‘mance checks are made
with the set in its case and with the
front panel meter face in a horizontal

position.
NCTE

The meter indication may
vary up to 0. 1dB between
the vertical and horizontal
positions. The meter
should be zeroced in the
position in which it will be
used by setting the mech-
anical adjustment screw
through the hole in the
meter bezel (with power
turned off).

3.03 The test eguipment required to make
the performance verification checks

is listed in Table 3-1.

Standard patch
cords and test leads are not listed.

Equi-

valent test instruments may be used if the
accuracy equals or exceeds that of the test

instruments listed,

3-1
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Table 3-1. Test Equipment Reguired

TEST EQUIPMENT
TRUE RMS VOLTMETER: Fluke 931B.
AUDIO OSCILLATOR: HP236A.

DECADE ATTENUATOR: General Radio
1450,

DECADE RESISTOR: General Radio 1433,

DECADE CAPACITORS: General Radio
14234, Two required.

48V SUFPPLY: Office Signal Battery.

I%¥Hz SOURCE: Office Milliwatt Supply
at 0 TL.P (transmission level point),

ADAPTER: Binding posts (or double
banana jacks) to BNC plug. Pomona
Electronics Model 1296 or equivalent.

TEST CABLE: Type 310 Plug to double
banana plug.

{A} Level Measurement Accuracy
Check

3.04 The following procedure checks the

level meter accuracy of the Model
4041 using either of two methods. Method
1 checks the meter against the Central
Office milliwatt supply (6dBm at 1kHz).
Method 2 uses an audio oscillator as a 1kHz
source, and a true rms volimeter as a
reference standard. The test setup for
each method is shown in Figure 3-1.

CAUTION

If the Model 9041 level mea-~
surement accuracy is checked
uging the Office Milliwatt Sup-
ply or a Wilcom T-105 Test
Set, the measured level accu-
racy reqguirement of the Model
9041 becomes +0,2dB. If this
accuracy is not obtained, and
the performance check has
been carried out (para 2.02),
check the Model 9041 using

an alternate accurate test

get {such as a WE Type 22A
Level Meaguring Set). The

3-2

level aceuracy of the Model
9041 has been calibrated at
the factory to be within

0, 1dB using a test standard
accurate to within +0. 02dB.
Therefore, if the measured
accuracy is still not within
+0.2dB, contact WILTRON
ce. Do not attempt
to adjust the level calibra-
tion unless Standards Labo-
ratory type equipment (such
as a Filuke 931B) ig avail-

for advi

able,
Model 8041 Central Office
Milliwatt Supply
600/3000 800/9000
0 TLP
2W TRMT/RCV
er [+ >)
METHOD 1
Model 9041 HP238A
Audic
60G/900q Oscillator
2W TRMT/RCV 600/9000
3100 Q0 00
_—
Fluke $3IB
True RMS
Voltmeter
BNC
*Patch Cord
{Type 310 Plug to Adapter

Double Banana Plug)

METHOD 2

Figure 3-1. Level Measuring Accuracy
' Check Test Setup

2-9041-OM
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LEVEL MEASUREMENT ACCURACY CHECK

STEP PROCEDURE
METHQD 1: Use this method if an accurate office milliwatt is available.
See CAUTION in paragraph 3,03,

1 Patch the cutput of the Central Office milliwatt supply to the 2W/TRMT/RCV
input on the Model 9041 {see Figure 3-1, Method 1).

2 Set the TEST MODE switch to the 600 or 300~ LEVEL dBm position as
applicable to the outlet impedance of the supply.

3 Set the ADD dBm switch to 0.

4 Check that the Model 9041 level indication is 0 #0. 1dBm, taccuracy of the
milliwatt supply.

b Repeat steps 1 through 4 using a supply outlet of the alternate impedance
(600 or 900" if available.
METHOD 2:

1 Connect the true rms voltmeter and the audio oscillator to the 2W TRMT/
RCV inputs of the Model 9041 Measuring Set (see Figure 3-1, Method 2).

2 Set the TEST MODE switch on the Model 9041 to the 600» LEVEL dBm
position.

3 Set the ADD dBm switch to 0.

4 Set the true rms voltmeter to the 1V scale and to read a null within 1%,

5 Set the true rms voltmeter digits at . 77459V rms (equal to 0dBm at §00 ohms).

8 Set the audio oscillator freguency to 1kHz, and adjust the output level for a
null on the true rms voltmeter, -

7 Check that the Model 9041 level indication is 0 £0. 1dBm. Proceed with step
8 if an audio oscillator output impedance of 900n ig available.

8 Repeat steps 3 through 7 with the TEST MODE switch on the Model 9041 set
to the 900+ LLEVEL position. Select the audio oscillator 800n output impedance.
Set the true rms voltmeter digits at . 94868V rms {equal to 0dBm at 900") for
this test.

2-9041-OM
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{B) 4-Wire Return Loss Accuracy Check self~check and does not require external
3.05 The following procedure checks the test equipment {other than standard patch

meter accuracy at 0dB return loss cords). The 16dB and 7dB attenuators are
when used in 4-wire functions. This is a also checked for accuracy.

4-WIRE RETURN LOSS ACCURACY CHECK

STEF

PROCEDURE

19

Set the front panel controls as follows:

NETWORK INT

RETURN LOSS TEST TYFPE ERL

TEST MODE 4-WIRE 0dB
THL dB 0.0

ADD dB 0

TALK/DIAL HOLD OPEN OPEN (NORMAL)

Patch the transmitter {(4W TRMT) output to the receiver (4W RCV)
input.

The average value of the meter reading should be 0dB. 1f necessary,
set the 0dB ERL CAL ADJ control for this reading.

NOTE

It is normal for the meter to have 0.2 to
0. 5dB of fluctuation during a reading, This
gcecurs because narrow band noise is being
measured. The SRI. 1O position of the re-
turn loss TEST TYPE swifch gives the big-
gest fluctuation in meter readings.

Select the ERL, SRL L0, and SRI, HI pogitions of the return loss TEST TYPE
switch in turn. The average meter reading should be 0dB +0,4dB in each
position. It i8 necessary to average out by eye the effect of meter reading
fluctuations for this fest.

Patch from the 4W RCV input to the TWD LINE (-18} jack,

Set the TEST MODE switch to the +10dB position,

Check that the meter indicates B8dB 10.44dB (16dB return loss).

Transfer the patch cord from the 4W RCV input te the FROM LINE
(+7) jack.

Set the TEST MODE switch to the +20dB position.

Check that the meter indicates 3dB 10.4dB (23dB return loss).

3~4
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(€} 2-Wire Return Loss Accuracy Check

206 The following procedure checks the

meter accuracy at 0dB return loss
when used in 2-wire functions. No external
test equipment is vequired for this check
{(other than standard patch cords).

{D} Return Loss Range Accuracy
Check (4-Wire and 2-Wire)

2.07 For this procedure, the calibrated
ADD dB gain control is checked
against an external reference attenuator.
The General Radio Model 1450 Decade At-
tenuator and the HP236A Audio Oscillator
are used. See Figure 3-2 for test setup.

{E} Owerall Accuraty Check
(2-Wire Return Loss}

3.08 This check is an actual return loss

measurement using a termination of
wnown return loss. When measuring 2-wire
return loss, the Model 8041 Measuring Set
aolves the equation:

Section J1I

+
RETURN LOSS = 20 log,, Zrz
Z -4
X
where 7 = Reference value impedance
(internal network)
Zx = Unknown impedance

Solving the equation for Z-X:

JoR-Le /20,

7 o=
xR L. J20_,

Z

The return loss value for this check is 40dB.
Setting return loss to 40dB and 7=800 chms,
a test resistor of 612, 1 ohms is computed.
The Model 9041 should measure this value
within 10, 4dB, + the inaccuracy due to the
resigtor represgenting ZX,

For this test, an HP236A Audio Oscillator
and two GR1433 Decade Resistors are used.
The test setup is shown in Figure 3-3.

2-WIRE RETURN LOSS ACCURACY CHECKE

STEP PROCEDURE

1 Set the front panel controls as follows:
NETWOREK INT
RETURN LOSS TEST TYPE ERL
TEST MODE 2-WIRE 600 ohms
THL dB 9.0
ADD 4B 0
TALK/DIAL HOLD OPEN OPEN (NORMAL)

2 With the transmit (4W TRMT) terminals open circuited (a complete
reflection), the front panel meter should read 0dB +0, 4dB. If it does not,
use the calibration adjust (0dB ERL CAL ADJ) potentiometer to set the
meter on 0dB £0, 1dB.

3 Short circuit the 2W TRMT/RCV output terminals. The meter reading
should remain on 0dB (0. 4dBR). Proceed with step 4 if an audio oscillator
output impedance of 800~ is available.

4 Select the 2-Wire Return Loss 900 ohm position of the TEST MODE switch.
Gelect the audio oscillator 9002 output impedance. Repeat steps 2 and 3.

2-9041-OM

3~5



Section IiT

Model 9041 GR1450 Decade HP236A
Attenuator Audio
EXT {_0 Oj Oscillator
QsC O Q 2 310
1 Out in *  |Output
4W TRMT 4W RCV
Q0 QO
#*3-Wire Patch Cord
with Type 310 Plugs
Figure 3-2, Return Loss Range Accuracy Check Test Setup

RETURN LOSS RANGE ACCURACY CHECK

STEP PROCEDURE

1 NETWORK INT
RETURN LOSS TEST TYPE EXT OsSC
TEST MODE 4-WIRE 048B
THIL dB 0.0
ADD dB -10
TALK/DIAL HOLD OPEN OPEN (NORMAL)

2 Connect the 4W TRMT and the 4W RCV terminals together, Connect the
Audio Oscillator to the EXT OSC input through the decade attenuator. See
Figure 3-2. Set the aitenuator to 0.0dB, and set the oscillator output so
that the Model 9041 meter reads 0dB.

3 Increase ADD dB setting from -10dB to 0dB, then add 10.0dB attenuation
to the external attenuator. The front panel meter should read 0dB 0, 2dB.

4 Repeat the previous step, increasing the ADD dB setting 10, 0dB each time
while tracking with the external attenuator. In each case, the front panel
meter reading should return to GdB £0, 2dB.

2-9041-OM
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GR1433 GR1433 Model 8041 HP2364A
Decade Decade Audic
Resistor Resistor EXT Oscillator
OEXT QsC o o 310
= {Qutput
O NET
2W TRMT/RCV
Q@ QR Q0
|

#3-Wire Patch Cord
with Type 310 Flugs

Figure 3-3. Overall Accuracy Check Test Setup

OVERALL ACCURACY CHECK

STEP

PROCEDURE

 Set the front panel controls as follows:

NETWORK EXT
RETURN LOSS TEST TYPE BXT O5C

" TEST MODE 2-WIRE 800 ohms

ADD dB 0
THL dB ' 0.0
TALK/DIAL HOLD OPEN OPEN (NORMAL)

Connect one GR1433 Decade Resistor (set to 600.0 chms) to the
EXT NETWORK terminals, '

Apply a 1kHz input to the EXT OSC jack, with the 2W TRMT/RCV
connector open circuited. Adjust output power of the HP236A for
exactly 0dB reading on the front panel meter of the Model 9041,

~ Connect the second GR1433 (set to 612, 1 ohms) to the 2W TRMT/RCV

terminals and change the ADD dB setting to 30dB. The front panel
meter should read 10.0dB +0. 4dB. Proceed with step b if an audio
oscillator output impedance of 900" ig available,

Switch the decade resistor connected to the EXT NETWORFK terminals

to 900. 0 ohms, Set the TEST MODE switch to 800 ohms RETURN LOSS.

Select the audio oscillator 900s output impedance. Set the decade
resistor connected to the 2W TRMT/RCV terminals to 918.2 ohms,
With the ADD dB control on 30dB, the front panel meter should resettle
on 10, 0dB 10, 4dB. :

2-9041-0OM
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(F} 4Wire Qutput Level Check

2.09 In this test, the output power of the
measuring set is measured as a
voltage acrosgs a 600~ohm load (GR1433
decade resgistor), This measurement is
complicated by the fact that the output sig-
nal is band-limited (weighted) white noige
{noige covering all frequencies within the
bandwidth) and is non-sinuscidal in shape.
Thus, an average reading rms indicating
voltmeter will read less than actually is
present at the output terminals. At the
-2dBm output power level, such a meter
(the HP400D is typical) will read -3, 05dBm.
An alternative is to use a true rms (heat
sensing) voltmeter, such as the Fluke 2318,

The test setup for this check is shown in
Figure 3-4.

{G] Trans-Hybrid Loss Correction Agcuracy

3.1¢ For this check, the THL dB gain

control is checked against an external
reference attenuator. The HP236A Audio
Oascillator is used as a test sigpal. Figure
3-5 shows the test connections.

{H} Internal Hybrid Balance Check

3.41 This procedure checks the balance of

the internal resistive hybrid (used as
a return loss bridge}. An HP236A Audio
Oscillator is used as an external signal
gource. Two GR1433 Decade Resistors are
also used for this check., Figure 3-6 shows
the test sefup.

{1} Internat Hyhrid Frequency
Response Check

3.12 TFor this check, the frequency res-

ponse of the internal hybrid is veri-
fied over the range of 200Hz to HkHz. The
frequency response should be within
+0.2dB over this range. Only the HPZ36A
Audio Oscillator is required for this check,
The teat setup is shown in Figure 3-7.

- 3-8

() Internal Network Impedance Check

2.1%3 This procedure verifies the accuracy

of the internal reference network.
The network consists of a 2, 16uF capacitor
in series with either a 900 ohm or 600 chm
registance, The network is used as the
reference arm of the internal hybrid. The
network dccuracy is checked using an
HP238A Audio Oscillator, a GR1433 Decade
Resistor, and twoe GR1423A Decade Capaci~
tors. 'The test setup for this check is
shown in Figure 3-8.

{K} Test Signal Level Check, 2-Wire

3.14 This procedure checks the test signal

noise power output in 2-wire 600 ohm
and 900 ohm return loss use, The test sig-
nal level should be -8dBm +0,2dB for
2-wire, 600 ohm use, and -9, 84Bm =20.2dB
for 2-wire, 900 ohm use. A true rms volf-
meter {such as the Fluke 9318 or equiva-
lent) and & GR1433 Decade Resistor are re-
guired for this check,

NOTE

{f an average responding
voltmeter (such as a
HP400D) is used instead

of the rmg voltmeter,
apply a -1.056dBm compen-
sation to the reading.
Figure 3-9 shows the test
setup for this check.

(L} Supervision Indicator Checks

4315 The signaling supervision indicator

lights are checked for proper oper-
ation in this procedure, This check re-
quires a 48V supply (Central Office Signal
battery is suitable), and a patch cord with
the battery wired between the tip and sleeve,
The test setup is shown in Figure 3-10.,
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Section I

Fluke 8318 Model 9041 GR1433
True RMS Decade
Voitmeter Resistor
Adapter. ] BNC 4W TRMT
q g p310 Q

@

=Patch Cord % i _j
(Type 310 Plug to
Double Banana Plug)

Figure 3-4. 4-Wire Qutput Level Check Test Setup

4-WIRE OQUTPUT LEVEL CHECK

STEP

PROCEDURE

Set the front panel controls as follows:

NETWORK INT

RETURN LOSS TEST TYPE SRL HY

TEST MODE 4-WIRE 0dB

THL dB 0.0

ADD dB 0

TALK/DIAL HOLD OPEN OPEN (NORMAL)}

Connect the decade registor (set to 600.0 ohms) and the true rms volimeter
to the transmit terminals. Set the true rms voltmeter to the 1V scale and

to read a null within 1%. The true rms voltneter should null between
0, 6002V and 0, 8296V (equal toc -2dBm +0. 2d4R).

Rotate the RETURN LOSS TEST TYPE switch through SRL LO and ERL.

The rms voltmeter should null within £0.0080V (equal to +0.1dB) of the
null obtained in step Z.

NOTE

Since noise is being measured, it is
necessary to average out fluctuations
of the meter reading by eye.

2-9041-0OM

3-9



Section 11

GR1450 Decade Model 8041 HP236A
Attenuator Audio
EXT Oscillator
OSC O 0 310
* [Qutput
n Qut 4W TRMT 4W RCV
o Q o Qo Q o Q

l |

#3~Wire Patch Cord
with Type 310 Plugs

Figure 3-5. Trans-Hybrid I.oss Correction Accuracy Check, Test Setup

TRANS-HYBRID [.0OSS CORRECTION ACCURACY CHECK

STEP PROCEDURE

1 Set the front panel controls as follows:
NETWORK INT
RETURN LOSS TEST TYPE EXT OSC
TEST MODE 4-WIRE 0dB
THL dB 6.0
ADD 2B 0
TALK/DIAL HOLD OPEN OPEN (NORMAL)

2 Patch the 4W TRMT to the 4W RCV jaclsthrough the external attenuator.
Connect the HP236A audio oscillator to the EXT OSC input. Set the
attenuator to 0. 0dB then adjust the cutput level of the oscillator for 0dB
reading on the front panel meter.

3 Increase the THIL, dB setting from 0dB to 1dB, then add 1. 0dB attenuation
io the external attenuator. The front panel meter should return to 0dB
+0. 2dB.

4 Repeat the above step for each 1dB setting of the THL dB control. in
each case, the front panel meter reading should return to 0dB 0, 2dB.

5 Return the THL dB control to 0.2dB. Add 0. 2dB attenuation to the external
attenuator. The front panel meter reading should return to 0dB. If the
external attenuator is of a type that has no 0, 1dB step decade, this procedure
can be done by interpolation on the front panel meter,

6 Repeat the previous step, increasing the THL dB control setting 0.2dB
each tine. The front panel meter reading should return to 0dB 20, 1dB
each time.

3-10
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SBection 11

GR1433 Model 9941 HP2364 GR1433
Decade : Audio Decade
Resistor . EXT Caeitlator Resistor
QEXT 0SC O O 310
NET * 1 0utput
2w TRM’I‘([)RCV
e Q Qo
| I 1
#3-Wire Pateh Cord
with Type 310 Plugs
Figure 3-6. Internal Hybrid Balance Check, Test Setup
INTERNAL HYBRID BALANCE CHECK
STEP " PROCEDURE
1 Set front panel control functions ag follows:
NETWORK : EXT
RETURN LOSS TEST TYPE EXT OSC
TEST MODE - 2-WIRE 300 ochms
THL dB _ 0.0
ADD dB : 0
TALK/DIAL HOLD OPEN OPEN (NORMAL)
2 Connect one of the GR1433 decade resistors to the EXT NETWORK

terminals of the Test Set. Set both resistors to 900. 0 ohms. Connect
the audio oscillator (set to 1kHz) to the EXT OSC terminals,

3 © Adjust the oscillator level for an 0dB reading on the front panel meter.

4 Connect the second GR1433 decade resistor set to 900, 6 ohms to the
terminals, :

5 Advance the position of the ADD dB control to the +40dB position. The

reading should be greater than 10dB on the meter.
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Section [if

Model 9041 HP236A
Audio
Oscillator
EXT
Q8SC C ¢ 310
* o output #3-Wire Patch Cord
with Type 310 Plugs

Figure 3-7. Internal Hybrid Frequency Response Check,
Test Setup

INTERNAL HYBRID FREQUENCY RESPONSE CHECK

STEP | PROCEDURE
1 Set the front panel conirols as follows:
NETWORK INT
RETURN LOSS TEST TYPE EXT O5C
TEST MODE 2-WIRE 600 chms
THI. dB 0.0
ADD dB 0
TALK/DIAL HOLD OPEN OPEN (NORMAL)
2 Connect the HP236A Audio Oscillator (set to 1kHz) to the EXT OSC
terminals.,
3 ~ Adjust the oscillator output for an 0dB reading on the Model 9041 meter.
4 Slowly tune the oscillator up to BkHz, noting the front panel meter reading.

It ghould not vary more than +0. 4dB.

5 Slowly tune the ogcillator down from 1kHz to 200Hz, noting the meter
reading. It should not vary more than 0.4 dB.

NOTE

If the tolerance is exceeded, the power
cutput variation of the oscillator should
be checked. Any variation in its output
power level should be allowed for. If

the power output variation is not within
the oscillator specifications, a more suit-
able oscillator should he used.
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Section III

Model 9041 HPZ364A GR1433
Audio Decade
Osciliator Registor
EXT
O3CC O 310
*  Output
2W TRMT/RCV (6004)
e Q9

i ]

GR14234A
Decade
Capacitor

O{1. 000uF) O

*3-Wire Patch Cord
with Type 310 Plugs

GR1423A
Decade
Capacitor

O (1. 160uF) O

Figure 3-8, Internal Network Impedance Check, Test Setup

INTERNAL NETWORK IMPEDANCE CHECK

STEP PROCEDURE

1 Select the front panel control as follows:
NETWORK INT
RETURN LOSS TEST TYPE EXT OSC
TEST MODE 2~ WIRE 600 chms
THL dB 0.0
ADD dB 0
TALK/DIAL HOLD OPEN OPEN (NORMAL)

2 Connect the audio ogcillator (set at 1kHz) to the EXT OSC terminals, Set the
oscillator output level for a 0dB meter reading on the Model 9041, with no
connections to the 2W TRMT/RCV terminals

3 ‘Connect the GR1423A capacitors and the GR1433 resistor as shown in
Figure 3-8. BSet the GR1433 decade resistor to 00,0 ohms.

4 Set one'capacitor for 1.000uF, and the second capacitor for 1, 180uF. Adjust
the ADD dB switch to bring the meter reading on scale, if possible., The ADD-

- dB setting plus meter indication should exceed 404B.

5 Set the TEST MODE switch to 2-WIRE 900 ohmg. Set the GR1433 decade
resistor to 900.0 ohms_. Repeat step 4.

2-8041-OM
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Section IIT

GR1433 ! Model 9041 Fluke 3318
Decade True RMS
Resistor Voltmeter
BNC - Adapter
2W TRMT/RCV
° 0 3100 D 9 2"

i />< % '% «Patch Cord
{Type 310 Plug to

" Double Banana Plug)

Figure 3-9, Test Signal Level Check (2-Wire), Test Setup

TEST SIGNAL LEVEL CHECK (2-WIRE)

STEP

PROCEDURE

Select front panel control functions as follows:

NETWORK INT

RETURN LOSS TEST TYPE ERL

TEST MODE 2-WIRE 800 chms

THL dB 0,0

ADD 4B 0

TALK/DIAL HOLD OPEN OPEN (NORMAL)

Connect the true rms voltmeter and the decade resistor {set to 600. 0 ohms)
as shown in Figure 3-9. Set the true rms voltmeter to the 1V scale and to

read a null within 1%. The voltmeter should null between 0, 3013V and
0. 3154V (equal to -8dBm #0.24B}.

Select 2-WIRE 900 ohms on the TEST MCDE control. Set the decade re-
sistor to 800.0 ohms. The voltmeter should null between 0. 3000V and
0.3139 (equal to -9.8dBm +0. 2dB at 900 ohms).

NOTE

Since noise signals are being measured,
it is necessary to average out the fluc-
tuations of the meter reading by eye.
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Section IIf

48V Model 9041
Supply
Supv. 308
Baf. or
48V Grd, Oniy 310

ol T
Double Plug to \ \\‘“Test Lead to Sleeve

Connect to Supply
2 or 3-Wire Cord
Type 310 Connector Plug

Wired Tip and Sleeve

A, SLEEVE GRD, Indicator Check

48V Model 8041
Supply

48V Grd, IW TRMT/RCY
g9 e,

Double Plug to _,akr} \\ Type 316 Connector Plug
¥

Connect to Suppl Wired Tip and Ring

2 or 3-Wire Cord

B, TIP BAT and RING BAT, Indicator Check

Figure 3-10. Supervision Indicator Check Test Setup

SUPERVISION INDICATOR CHECKS

STEP . PROCEDURE

A, SLEEVE GRD, Indicator Check
1 - Connect the 48V supply to the SUPV. BAT. ONLY jack as shown in

Figure 3-10A. Either tip or sleeve may be grounded,

2 Connect one end of a test lead {o the ground terminal of the 48V supply
and touch the other end of the test lead to the sleeve of the 2W TRMT/
RCV jack. Check that the SLEEVE GRD. indicator lights.

B. TIP BAT. and RING BAT. Indicator Checks .

1 Connect the 48V supply to the 2W TRMT/RCV jack as shown in
Figure 3-10B (tip connected to battery).

2 Set the TALK/DIAL switch to HOLD. Check that the TIP BAT.
indicator lights.

3 Reverse the connections to the 48V supply {ring to battery) and check
. that the RING BAT, indicator lights.
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