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FOREWORD

Thismanual describesthe functions and operation of the ElectrodataATS 2 Audio Test Set.
To become fully acquainted with the many features of this versatile device, we recommend that the
operator read theentiremanual. However, sinceoperation of theATS2isrelatively straightforward,
the user will be able to run comprehensive tests of phone line quality ssmply by turning to the
Applications Section (Section 3) and following the step-by-step procedures.

This manual also contains an index so that specific information may be located quickly.
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1.0 INTRODUCTION
1.1 Generd

Theportablehand-held ATS 2 Audio Test Set, showninFigure 1, isdesigned to makeanal og
measurements in accordance with IEEE Standard 743-1984 and Bell Publication 41009. Itisused
for theinstallation and maintenance of 2-wireor 4-wireleased linesor dial-up circuitsandiscapable
of performing all basic analog transmission measurements plus Impulse Noise, Peak-to-Average
Ratio (P/AR) and Signal-to-Noise (S/N) ratio. Manua and auto-dial (DTMF/Pulse) and hold
capability combined with integral speaker and microphone alow the ATS 2 to function as a
telephone handset.

1.2 Functional Description

The ATS 2 consists of both atransmitter and receiver which are operated independently for
half-duplex testing or ssmultaneously for full-duplex testing. A twenty-three key keyboard is used
to select send and measure modes and various operating parameters. Itisalso used to enter transmit
levelsand frequenciesandto enter digits, including A, B, Cand D, for either pulseor DTMF dialing.
Anaudible aarm soundswhen each key isdepressed. Thereisatwo line 32 character a phanumeric
display whichisused to display the current send or measure mode, current send level and frequency,
measured test results and selected operating parameters.

Both a speaker and microphone are located on the upper half of the ATS 2. The speaker is
used to monitor tones being sent or received by the Test Set. Two keysare used to adjust the speaker
volume level. An additional key is used to connect the speaker to either the send or receive line
pairs. The microphone is enabled by a momentary action key to permit communication with a
person at the distant end of the transmission line being tested. The ATS 2 will also function asa
push-to-talk telephone set on 2-wire dial networks.

Two connectorsfor attaching the ATS 2 to the line under test, and the hold and reverse keys
are also located on the upper half of the Test Set. The connectors consist of both adual miniature
bantam jack and an RJ11C modular phonejack. Theseconnectorsarewiredinparalel. Thereverse
key reverses the connection of the send and receive line pairsto the Test Set. The hold key causes
aconstant DC line holding current to flow in the send line pair.



1.3 Physical Description

The ATS 2 Audio Test Set is housed in a sturdy aluminum case. The cover, which is
removable, contains a reference guide, and a modular cable assembly with aligator clips for
attaching the Test Set to the line under test. A positive latch is provided on the cover to keep the
Test Set securely closed when not in use. A jack on the top of the case is provided for both
recharging the internal nickel-cadmium batteries and for AC operation using the PS-4 Battery
Eliminator/Charger. The ATS2 comescompletewitha four foot long modular cable, thistechnical
manual, aPS-4 Battery Eliminator/Charger and apadded carrying case. Special cablesareavailable
from the factory at anominal charge.

1.4 Recelving and Unpacking

The ATS2Audio Test Set should be unpacked whenreceived, and visually inspected for any
damage. If the Test Set appears to be damaged, and the outside of the shipping container is
damaged, contact the carrier and submit aclam. The serial number on the bottom of the Test Set
should correspond with the packing list. If there are any problems noted, contact the factory or your
salesrepresentative. Itisrecommended that the Test Set be placed on charge, asdescribed in Section
4.2, before attempting any extended operation. The Test Set may be used while the batteries are
being charged.

1.5 Send Modes

The ATS 2 has ten send modes including two dial modes. These modes, along with a
description of each, arelisted below. Diagramsof the send and dial mode setup menus may befound
in Appendix A-1 through A-8.

SEND QUIET TERM. - The output is disconnected from the transmitter and terminated in
accordance with the impedance and termination selections. This mode is selected by pressing
<SEND>, then using the <l > or <> key until “SEND QUIET TERM.” is displayed.

SEND 1004Hz TONE - A 1004 Hz tone is generated at the level selected. Thismodeis selected
by pressing the <SEND> key, then using the <> or <I> key until “SEND 1004Hz TONE” is
displayed. The ATS 2 will aso display the transmit level and frequency on the lower line of the
display.

SEND VAR FREQ - A toneisgenerated at the freguency and level selected. Thismodeisselected
by pressing the <SEND> key, then using the <> or <l> key until “SEND VAR FREQ” is
displayed. The ATS 2 will aso display the transmit level and frequency on the lower line of the
display




1.5 Send Modes (continued)

SEND P/AR SIGNAL - A standardized test signal of 16 tones is generated at the level selected.
This mode is selected by pressing the <SEND> key, then using the < I > or <l > key until “SEND
P/AR SIGNAL” isdisplayed. The ATS 2 will also display the transmit level on the lower line of
the display.

SEND SLOPE - Threetones (404Hz, 1004Hz and 2804Hz) are transmitted at 10 second intervals
at the level selected. Thismode is selected by pressing <SEND>, then using the <l > or <l > key
until “SEND SLOPE” isdisplayed. The ATS 2 aso displaysthetransmit level and frequency onthe
lower line of the display.

SEND AUTO STEP - A toneis generated at the level selected. The starting frequency, step size,
end frequency and step dwell timeareall selectable. Thismodeis selected by pressing the<SEND>
key, then using the < > or <I> key until the ATS 2 displays the transmit level and frequency on
the bottom line of the display.

MANUAL DIAL - Digitsare displayed and dialed as each key isdepressed. Thismodeis selected
by pressing the <SEND> key, then using the< | > or <I > key until the ATS 2 displays“MANUAL
DIAL". The ATS 2 also displays the phone number on the bottom line of the display. Depressing
the <ENTER> key will re-dia the number displayed.

AUTODIAL - Oneof 10 pre-pragrammed numbersisdialed. Thismodeis selected by pressing the
<SEND> key, then using the <l > or <> key until the ATS 2 displays “AUTODIAL BIN #N”,
where N is a number from 0 to 9 representing one of the 10 storage bins contained in the ATS 2.
The ATS 2 aso displays the phone number stored in the bin on the bottom line of the display. The
bin number may be changed by keyinginanew number. Thedisplayed number isdialed by pressing
<ENTER>.

SEND 2713Hz TONE - A 2713 Hz tone is sent at the preselected level. This mode can be selected
whenthe ATS 2isat thetop of any non-dia setup menu by pressing the <2713> key. The 2713 Hz
tone will continue to be transmitted until the key is released.

SEND AUX. TONE - A pre-programmed tone is sent at the pre-selected level. This mode can be
selected whenthe ATS 2 isat thetop of any non-dial setup menu by pressing the <AUX> key. This
tone will continue to be transmitted until the key isreleased. Thetoneis programmed in the setup
menu under the “AUXILIARY FREQ.” option.




1.6 Measure Modes

The ATS2 hasfivemeasure modes. These modes, along with adescription of each, arelisted
below. Diagrams of the measure mode setup menus may be found in Appendix 1-9 through A-13.

LEVEL/FREQUENCY - Theaveragelevel (indBm) and frequency of theinput signal are measured
and displayed. This mode s selected by pressing <MEAS>, then using the <l > or <1 > key until
“LEVEL/FREQUENCY” is displayed.

NOISE - The RMSlevel of theinput signal ismeasured and displayed. Theinput filter (3 kHz flat,
C-Message or C-Notch) isselectable. Level readingsareintermsof dBrnif the 3kHz filter isused,
and dBrncfor the C-Messageand C-Notchfilters. Thismodeisselected by pressing<MEAS>, then
using the <> or <1 > key until “NOISE” isdisplayed. The ATS 2 also displays the type of filter
in use and the measured noise level and will display “TONE” if the C-notch filter isin use and a
1004 Hz holding toneis received.

SIGNAL TO NOISE - Thereceivenoise level iscompared to the received 1004 Hz signal level and
theratio isdisplayed in terms of dB. This mode is selected by pressing <MEAS>, then using the
<> or <I>key until “SIGNAL TO NOISE” isdisplayed. The ATS 2 will also display “TONE”
if 21004 Hz holding tone is received.

P/AR - The peak and average values of theinput signal are measured and digplayed asaratio. This
mode is selected by pressing the <MEAS> key, then using the <l > or <I> key until “PIAR” is
displayed. The ATS2will aso display thereceivelevel (indBm) and the peak-to-averageratio (in
units) on the bottom line of the display.

IMPULSE - Noise impulses above a selected level are counted. The test duration and input filter
(3 kHz flat, C-Message or C-Notch) are selectable. This mode is selected by pressing <MEAS>,
thenusingthe< > or <I > key until the ATS 2 displays“IMPULSE”. TheATS2 aso displaysthe
type of filter, the impulse count and elapsed test time (hours:minutes). The colon (:) in the time
display will flash while the test is running. If the C-notch filter isin use, the ATS 2 will display
“TONE” whenever a 1004 Hz holding tone is received, and a “TONE LOST” counter may be
accessed by pressing the Down Arrow key.



1.7 Specifications
Modes

Send Modes: Quiet termination
1004 Hz tone
Variable frequency
P/AR signd
Slope tones
Auto step
2713 Hz tone (momentary)
Auxiliary tone (momentary)

Dia Modes: Manual
Autodial
Measure Modes: Level/Frequency

Background noise
Signal to noise

Impulse noise
P/AR rating
Send Modes
Quiet termination Signal generator disconnected from output
Output noise: <10dBrn
Send Frequency
Range: 50 Hz to 5 kHz
Resolution: 1Hz
Accuracy: +.03%
Direct Entry: Numeric keypad
Stepping: +1, 10, and 100 Hz
Fixed frequencies: 1004 Hz, 2713 Hz and programmabl e auxiliary tone
Slope tones: 404 Hz, 1004 Hz, and 2804 Hz, 10 seconds per
tone
Auto step: Programmable start, stop, step size and step duration
P/AR signal: 16 phase related frequencies
Distortion: 50 Hz to 200 Hz < -50 dB
200 Hzto5kHz < -40 dB
SF Skip: 2450 Hz to 2750 Hz



1.7 Specifications (continued)

Send Leve
Range:

Resolution:

Accuracy
50 Hz to 200 Hz:
200 Hzto 5 kHz
1004 Hz

Direct entry:

Stepping:

Flatness
50 Hz to 200 Hz
200 Hzto 5 kHz

Level/Frequency
Level range:
Resolution:
Accuracy
50 Hz to 200 Hz
200 Hzto 5 kHz
1004 Hz
Detector
Display modes:
Frequency range:
Resolution:
Accuracy:

Background noise
Range:
Resolution:
Accuracy
20t0 99 dBrn
10to 20 dBrn
Filters:
Detector:
Display modes:
Notch filter:
Loss of tone:

Send Modes

+10 dBm to -50 dBm
(0 dBm maximum for P/AR)
.1dB

+0.5dB

+0.2dB

+0.1 dB from 0 to -19 dBm
Numeric keypad

+.1and 1dB

+.5dB
+.2dB

Measure Modes

+10 dBmto -65 dBm
1dB

+0.5dB

+0.2dB

+0.1 dB from 0 to -19 dBm

averaging

Absolute or relative with respect to input level
20Hz to 10 kHz

1Hz

+1 Hz

10t0 99 dBrn
1dB

+1dB

+2dB

C-Message, 3 kHz flat, C-Notch

TrueRMS

Absolute or relative with respect to input level
995 to 1025 Hz > 50 dB rejection

<-40dBm



1.7 Specifications (continued)

Signal to noise

Signal range:
Noise range:
Ratio range:
Resolution:
Accuracy:
Detector:
Display modes:

Notch filter:
Loss of Tone:

Impulse noise

Threshold Range
w/C-NOT filter:
w/3kHz, C-M SG filter:

Resolution:

Accuracy:

Count rate:

Count timer:

Count range:

Filters:

Notch filter:

Loss of tone:

Loss of tone counter:

P/AR rating

Range:
Resolution:
Accuracy
30to 110 P/AR units:
0to 120 P/AR units:
Input level range:
Detector:

Measure Modes

+10 dBmto -40 dBm
10 dBrnto 90 dBrn
10to 50 dB

1dB

+1dB

Averagefor level and true RMS for noise
Absolute or relative with respect to current

measurement
995 to 1025 Hz > 50 dB rejection
<-40dBm

40to0 100 dBrn

30to 100 dBrn

1dB

+1dB

7 per second

1 to 99 minutes or continuous
0to 9999

C-Message, 3 kHz flat, C-Notch
995 to 1025 Hz > 50 dB rejection
<-40dBm

0to 9999

0to 120 P/AR units
+1 P/AR unit

+2 P/AR units
+4 P/AR units
Oto-40dBm
Average



1.7 Specifications (continued)

Manual dial
Dia method:
DTMF signds.
Redial:

Autodia
Memory:
Dia method:
DTMF signds:

Input/Output
Line:
Connectors:

DC blocking:

Normal/Reverse Switch:

Hold circuit:
Impedance:
Termination:
Bridging Loss:
Return Loss:
Longitudinal Balance:

Dial Modes

DTMF or pulse
Full supervisory tone set, including: A, B, Cand D
Uptolast 16 digits

10 locations, each capable of holding up to 16 digits
DTMF or pulse
Full supervisory tone set, including: A, B, Cand D

Genera

2-wire or 4-wire
RJ11C modular jack and dual miniature phone jack
(.173" dia. Mon .312" centers, mateswith ADC PJ777
or Switchcraft TT253)
150 volts
Reverse send and receive pairs
Electronic, 24 ma.
600 or 900 ohms
Bridge or terminate
<.2dB
>30dB
>80dB at 60 Hz
>70dB at 540 Hz
>60dB at 4 Hz
Decreasing 6 dB per octave above 4 kHz



1.7 Specifications (continued)

Batteries:
Battery life:

Recharge time:
AC operation:
Auto Shut-off:

Physical

Push-to-talk:
Monitor:

Display:

Display update
Normal:
Damped:

Size:

Weight:

Operating temperatures:

Storage temperature:
Humidity:

Genera

Rechargeable, nickel-cadmium

7 hours minimum per charge, %2 hour minimum after
battery low indication

4 hours maximum, with unit turned off

115/230 vac, 50/60 Hz

15 minutes after last key depression

Built-in condenser microphone

Adjustable volume, switchable between send and
receive

2 line by 16 character, LCD

5 times per second

2 times per second

10"L x 4"W x 2 5/8"H

21/41bs. (1 Kgram)

OE to 50E C

-20ECto90EC

10% to 90% relative humidity non-condensing



2.0 OPERATION
2.1 Generd

The ATS2 Audio Test Set ismenu driven to allow the operator to quickly select the desired
send or measure mode and various operating parameters. There are two separate menus available.
One is for send mode selection and the other for measure mode selection. Each menu is two
dimensional. While at the top of either menu, the operator can move horizontally using the left or
right arrow keys, to select the desired mode. Once a mode is selected, the operator can move
vertically through the menu, using the up and down arrow keys, to display various operating
parameters. While an operating parameter isbeing displayed, theleft and right arrow keysareagain
used to select the desired option.

2.2 Lower Panel Keys

The ATS2lower panel keyboard, reference 1in Figure 2, containstwenty-three keys, which
are used to select the desired send and measure modes, various operating parameters (including
transmit level and frequency), andto control Test Set operation. Anaudiblea arm soundswhen each
key is depressed.

The keys are divided into control keys and data entry keys by color. The control keys are
dark blue and the dataentry keys are beige. Each of the keyboard control keys and itsfunction are
listed in Table 1.

Thedatakeyslabeled Othrough9and A, B, C, D, “*”, and “#" are used to enter digitsin the
MANUAL DIAL and AUTODIAL modesand numericvauesfor transmit level and frequency. Ten
of these datakeysalso serve as specia function keys. Each of these special keysand itsfunction are
listed in Table 2.

2.3 Upper Panel Keys

The control keys on the upper half of the ATS 2 aong with their function are listed in
Table 3.

10
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Figure 2 - Front Panel
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Function

Moves the display to the top of the current send mode menu
and displays the current send mode and transmit level and
frequency if applicable.

Movesthedisplay to thetop of the current measure mode menu
and displays the current measure mode and the results of the
current measurement.

Moves the display left through the send or measure mode
menus or selects options for various operating parameters.

Moves the display right through the send or measure mode
menus or selects options for various operating parameters.

Moves the display down through a send mode menu or steps
the transmit level or frequency down.

Moves the display up through a send or measure mode menu
or steps the transmit frequency or level up.

Enters the currently displayed level or frequency or setup
value. Dialsthecurrently displayed number (withMANUAL
DIAL or AUTODIAL displayed)

Table 1 - Lower Panel Control Keys
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9

START

STOP

2713

AUX

ABS
6
REL

FREQ LEE;/L

SIGN

STEP

aa

Function

Starts a counting period in the IMPUL SE measuring mode.
Restartstransmission inthe SEND AUTO STEP mode at the
START FREQUENCY.

Stops a counting period in the IMPULSE measure mode.

Momentarily overridescurrent send modewitha2713Hz tone
to actuate remote Western Electric Model 829 Channel
Interface Unit

Auxiliary - Momentarily overridescurrent send modewiththe
previoudy entered AUXILIARY FREQ.

Absolute - Displays subsequent levels as an absolute value.

Relative - Displays subsequent levels relative to the value
being measured when the key is pressed.

Frequency & Level - Allows the transmit frequency or level
to be changed using the data keys (0-9) or the up and down
arrow keys.

Changes the sign of atransmit level asit is being entered.

Manually steps to the next transmit frequency in the SEND
SLOPE and SEND AUTO STEP modes.

Table 2 - Lower Panel Special Function Keys
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9

PWR

EV

a.

HOLD

MON
X

TALK

Function

Power - Turns power on and off to Test Set.

Reverse- Alternateaction (toggle) key. Reversesthetransmit
andreceivelinepairsand turnstheassociated indicator on and
off. Indicator isonwhenthe send line pair (TX) isconnected
to the receiver and receive line pair (RX) is connected to the
transmitter.

Hold - Alternate action (toggle) key. Appliesor removesDC
holding current from send line pair and turns associated
indicators on and off. Indicator is on when a DC holding
current is applied to simulate atelephone off-hook condition.
Thiskey initiatesacomprehensive self-test if held downwhile
turning power on.

Volume Up/Down - Increases/Decreases the monitor speaker
volume level.

Monitor Transmit - Alternate action (toggle) key. Alternately
allowsmonitoring of thetransmit or receivelinepairsand turns
the associated indicator on and off. Indicator is on when
monitoring speaker is connected to the send line pair (TX).
In 2-wire operation this key has no effect and the indicator is
aways on.

Momentary Switch - While pressed, connects internal
microphoneto send linepair and mutesthe monitoring speaker.

Table 3 - Upper Panel Control Keys
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2.4 Connectors

There aretwo line connectorson the ATS 2. Both connectors are connected in parallel and
either connector can be used to attach the Test Set to thelineunder test. Thefirst connector isadual
bantam miniature phone jack, reference 2 in Figure 2. The second connector isan RJ11C modular

jack, reference 3 in Figure 2. Both connectors and their interconnection to the line under test are
shown in Figure 3.

— e )

— e R
RECENE. Qm——] l

@
senD O | _ RECEME

Figure 3- ATS 2 Line Connections

SEND

2.5 Operating Parameters

Operating parameters are used to configure the ATS 2 for a particular application. The
various operating parameters required for the currently selected measure mode are displayed by
depressing the down arrow key. Only those operating parameters that are required for a particular
mode will be displayed.

Thebottom line of each display will contain the options availablefor the currently displayed
operating parameter. The currently selected option will be flashing. The operator can select one of
the other options by depressing either theright or left arrow key asrequired. Depressing the up and
down arrow keyswill move the display to other operating parametersin thismenu. Depressing the
<SEND> or <MEAS> key will move the display to the top of either the send or measure menu
displaying the currently selected mode.

The ATS 2 operating parameters and the available options for each parameter are listed

below. The locations of these options in the setup menu are diagrammed out in Appendix A-1
through A-13.

15



2.5 Operating Parameters (continued)
IMPEDANCE - Selects the input and output impedance of the ATS 2.

600 ohms The receiver input impedance, when terminated, and transmitter source
impedance will be 600 ohms.

900 ohms The receiver input impedance, when terminated, and transmitter source
impedance will be 900 ohms.

TERMINATION - Selects either terminated or bridging operation.

TERM The receiver is terminated by the resistive impedance selected by the
IMPEDANCE operating parameter.

BRIDGE Thereceiver will be unterminated and have an input impedance greater than
25 Kohms.

LINE - Selects either 2-wire or 4-wire operation.

4-WIRE The receiver is connected to the receive pair (RX) and the transmitter is
connected to the send pair (TX).

2-WIRE Both the receiver and transmitter are connected to the send pair (TX).

AUTO SHUT-OFF - Selects whether the Test Set should turn off automatically if no key has been
depressed within 15 minutes.

OFF The ATS 2 will not automatically turn off. It can only be turned off by
depressing the <PWR> key.

ON The ATS 2 will turn off automatically if no key is depressed within 15
minutes. The ATS 2 defaults to this setting when turned on.

SK SKIP - Determines whether the transmitter should skip over the SF frequency band (2450 to
2750 Hz) while in the SEND VAR FREQ and SEND AUTO STEP modes.

OFF The transmitter will not skip over the SF frequency band.

ON The transmitter will skip over the SF frequency band to avoid accidenta
transmission of signaling frequencies.

16



2.5 Operating Parameters (continued)

AUXILIARY FREQ. - Determines the frequency of the tone that be transmitted whenever the
<AUX> key is depressed. The desired frequency is entered using the number keys O through 9
followed by the <ENTER> key. The value must be between 50 and 5000 Hz.

START FREQUENCY - Determines the start frequency in the SEND AUTO STEP mode. The
desired frequency isentered using the number keys 0 through 9 followed by the<ENTER> key. The
value must be between 50 and 5000 Hz and less than the END FREQUENCY .

END FREQUENCY - Determinesthe end frequency inthe SEND AUTO STEP mode. Thedesired
frequency is entered using the number keys O through 9 followed by the <ENTER> key. Thevalue
must be between 50 and 5000 Hz and greater than the START FREQUENCY .

STEP SIZE - Determines the frequency increment for each step in the STEP AUTO STEP mode.
The desired step size is entered using the number keys O through 9 followed by the <ENTER> key.
The value must be less than 4950 Hz.

STEP DWELL TIME - Determines the time interval the transmitter will remain at each frequency
in the SEND AUTO STEP mode before stepping to the next frequency. The transmitter may be
stepped manually at any time by depressing the <STEP> key.

NN SEC. The transmitter will remain at each frequency for NN seconds. The
desired dwell time is entered using the number keys 0 through 9
followed by the <ENTER> key. The value must be between 01 and
99 seconds.

MANUAL Thetransmitter will only steptothenext frequency whenthe<STEP>
key is depressed.

DIAL METHOD - Determines the dialing method to be used in the MANUAL DIAL and
AUTODIAL modes.

PULSE The holding current across the send line pair (TX) will be broken
(pulse or rotary dialed) at arate of 10 pps with a 60% break interval

DTMF DTMFtones (touch tones) will be sent on the transmit line pair (TX).

ENTER BIN #N - Allows storage of a telephone number in bin #N for future autodialing. The
number is entered in the displayed bin by depressing any of the keys in the 16 character keypad.
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2.5 Operating Parameters (continued)

DISPLAY DAMPING - Selectstherate at which the display will be updated in the measure modes.

OFF Display will be updated at a rate of five times a second to display
rapidly changing measurements.

ON Display will be updated at a rate of two times per second. Thisis
useful for displaying erratic measurements.

FILTER - Selectsthe input filter to be used in the NOISE and IMPUL SE measuring modes.

3kHz A 3 kHz Flat filter is selected.

C-MSG A C-Messagefilter is selected.

C-NOT A C-Messagefilter combined with sharp notch filter centered at 1010
Hz is selected.

THRESHOLD - Selects the input threshold to be used in the IMPULSE measuring mode. The
threshold is entered using the number keys O through 9 followed by the <ENTER> key. The
threshold must be between 40 and 100 dBrnif the C-Notch filter is selected or between 30 and 100
dBrn otherwise.

COUNT PERIOD - Determines the test duration time in the IMPUL SE measuring mode.

NN MIN. The ATS 2 will count impulses above the input threshold for “NN”
minutes. The time interval “NN” in minutes is entered using the
number keysOthrough 9followed by the<ENTER>key. Theinterval
must be between 01 and 99 minutes.

CONT. The ATS 2 will count impulses above the input threshold until the
<STOP> key is pressed or another measure mode is selected.

18



2.6 Entering or Changing Send Level

The ATS 2 provides two ways to enter or change the current send level in al send modes
except MANUAL DIAL and AUTODIAL. Thefirst isby direct entry using the <SIGN> key and
the number keys 0 through 9, and the second is by using the up and down arrow key to step thelevel
up or down. The send level can only be changed while the display is at the top of the current send
or measure menu. The <SEND> and <MEAS> keys are used to access the top of the menus.

To change the current send level, first press the <LEVL> key. If a send mode is being
displayed, the “dBm” in the bottom line of the display will begin flashing. If a measure modeis
being displayed, the right seven positions of the top line of the display will be replaced with the
current send level with the“dBm” flashing. At this point, the operator can either directly enter the
new level or depressthe up or down arrow key to step thelevel up or down. Depressing the<SIGN>
key will toggle the sign of the value being entered. If either the up or down arrow key is depressed
and held down, thelevel will step up or down firstin .1 dB increments and then in 1 dB increments.

The<ENTER> key isused to return the display to normal operation or terminate direct entry
if less than three digits are entered.

2.7 Entering or Changing Send Frequency

The ATS 2 provides two ways to enter or change the current send frequency while in the
SEND VAR FREQ mode. Thefirst is by direct entry using the number keys 0 through 9 and the
second is by stepping using the up and down arrow keys. The send frequency can only be changed
while the display is at the top of the SEND VAR FREQ mode menu or at the top of the current
measure mode menu. The <SEND> and <MEAS> keys are used to access the top of the menus.

To changethe current send frequency, the operator first pressesthe<FREQ> key. If thesend
modeisbeing displayed, the“Hz" in the bottom line of the display will begin flashing. If ameasure
modeisbeing displayed, theright six positions of thetop line of thedisplay will beflashing. Atthis
point the operator can either directly enter the new frequency or depress the up or down arrow key
to step the frequency up or down. If either the up or down arrow key is depressed and held down,
the frequency will step up or down first in 1 Hz increments, then in 10 Hz increments and finally in
100 Hz increments.

The<ENTER> key isused to return the display to normal operation or terminate direct entry
if afrequency less than 1000 Hz is being entered.
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2.8 Line Termination Impedance

The ATS 2 calculates input level s by measuring the voltage appearing on the line assuming
that it is terminated by either 600 or 900 ohms as selected by the IMPEDANCE parameter. It is
important that the line be properly terminated for correct readings. This can be done by the ATS 2
when the TERMINATION parameter is set to TERM or by some other device when the
TERMINATION parameter is set to BRIDGE.

Measurements can be made with the ATS 2 on circuits externaly terminated with an
impedance other than 600 or 900 ohms. To do this, the IMPEDANCE parameter should be set to
600 ohms and the TERMINATION parameter to BRIDGE. The appropriate correction given in
Table 4 should be added to al observed level readings.

Externd
Impedance Correction
1200 ohms -3.0dB
150 ohms 6.0dB
135 ohms 6.5dB
75 ohms 9.0dB

Table4 - Externa Impedance Corrections
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3.0 APPLICATIONS
3.1 Gened

Thissection describesin step-by-step fashion how to usethe ATS 2 to thoroughly test avoice
frequency communicationschannel, whether it beadial-up phonelineor adedicated, 3002-typelink.
Section 3.2 explains how to monitor a phone channel and determine the presence or absence, and,
to some extent, the acceptability of signal. This section applies only to “existing” circuits (i.e.
circuitswhich aready have dataequi pment connected to them and are passing, or at | east attempting
to pass, data). Sections 3.3 through 3.7 explain how to set up one or two ATS 2's to generate and
measure a 1004 Hz test tone in preparation for the more elaborate tests described in Sections 3.8
through 3.14. Testsare described in thelogical sequencein which they should be performed. Thus
for general testing of existing circuits, the technician may start at Section 3.2 and continue step-by-
step through Section 3.14. For testing of new circuits, the procedure begins at Section 3.3. (A
“short-cut” test procedure involving the P/AR test is also described in these sections, although its
use is not generally recommended).

Alsoincluded in this section isaprocedurefor testing short-haul lines. This procedure may
be followed by turning directly to Section 3.15.

The Reference Guideinthelid of the ATS 2 provides asynopsis of the procedures described
in the following pages for those who are aready familiar with it. Pages 1 through 3 list the
keyboard functions common to al modes of operation. Pages 4 through 16 list the various setup
menus along with recommended option settings. Page 17 shows 2-wire and 4-wire test
configurationsand pages 18 through 24 list the varioustests and the setup menusthat should be used
for each test aswell as keyboard functions and expected results.

3.2 Monitoring Line Activity
The very first step in testing an existing communications channel isto monitor the activity
on that channel. In monitoring line activity, the ATS 2 is used to “eavesdrop” on the suspect

channel. It will measure and display the frequency and level of received signalsand, viathe built-in
speaker, allow the technician to listenin.
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3.2 Monitoring Line Activity (continued)

DCE

Figure 4 - Bridged Configuration for Line Monitoring

Figure 5 - Terminated Configuration for Line Monitoring
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3.2 Monitoring Line Activity (continued)

The monitor test can be set up in either of two configurations. The preferred setup is the

“bridged” configuration showninFigure4. Herethe ATS2 “sees’ everything that is happening on
the channel, but the data equipment connected to the channel continues to operate asif the ATS 2
werenot present. Thealternativeisthe“terminated” configuration shownin Figure5. Inthissetup,
the data equipment is removed from one end of thelineand the ATS 2 isconnected initsplace. In
thissituation, the ATS 2 “sees’ everything that is coming from the other end of theline, and theline
“sees’ the ATS 2 as the termination point of the circuit. To run either of these tests, proceed as
follows:

1.

With the ATS 2 disconnected from the phone line, turn power on by pressing the <PWR>
key. The ATS2will testitself then jump to the most recently sel ected Measure mode. If the
ATS2displaysBATTERY LOW at any time, the PS-4 batter eliminator/charger should be
connected as described in Section 4.2.

If the ATS 2 does not now display “LEVEL/FREQUENCY”, pressthe <‘| >or< |'> key
until it does.

Press the Down Arrow key to proceed through the M easure mode setup menu.

The ATS 2 now reads “DISPLAY DAMPING” on the top line, and “OFF ON” on the
bottom line. This option determines how often the display is updated during a test run.
Initially this option should be set to “OFF’; it may later be changed to “ON” if, during the
test, the display updatestoo fast to be readable. The flashing valueisthe current setting. If
necessary, change this setting by pressing the < I > or <1 > key.

Pressthe Down Arrow key again to display the* TERMINATION” option. Thisshould be
setto“TERM” for theterminated configuration of Figure5, or to“BRIDGE” for the bridged
configuration of Figure4. Usethe<ll> or <l > key, if necessary, to changeiit.

When the correct termination has been sel ected, pressthe Down Arrow key again to display
the “IMPEDANCE” option. This option may be set to either 600 ohms or 900 ohms as
indicated by the flashing portion of the display. The impedance should be set to match the
lineunder test, whichin all end-user applicationswill be 600 ohms. Asbefore, usethe< >
or <> key to change the setting, if necessary.

Pressthe Down Arrow key again and set the“LINE” option to “4-WIRE” if a4-wire 3002-
type lineisto be monitored, or to “2-WIRE” for monitoring 2 wire circuits, such as dial-up
lines.

Press the Down Arrow key once more to display the “AUTO SHUT OFF’ option. Select

“ON” to causethe ATS 2 to automatically shut off if 15 minutes elapse without akey being
pressed, or “OFF’ to defeat the automatic shut off.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

3.2 Monitoring Line Activity (continued)

The Measure menu is now configured properly (the remaining option, “AUXILIARY
FREQ”, will not be used in thistest). Pressthe <SEND> key at this point to bring up the
Send mode setup menu.

Press the <I > or <I'> key until the ATS 2 displays “SEND QUIET TERM.” In this
Send mode, the ATS 2's transmitter is shut off.

This completes configuration of the Send menu (the remaining options were previously set
in the Measure menu). At this point the modular connector on the cable provided with the
ATS 2 should be plugged into the receptacle at the top of the test set.

If the terminated configuration isto be used, be sure to disconnect any communications
eguipment from the phone line before connecting the ATS 2.

Connect the aligator clips at the other end of the cable to the phone line (sse Appadx A-15).

If the'REV’ or ‘HOLD’ light at the top of thetest set is on, press the corresponding key so
that the light goes out. For 4-wire testing, press the <MON TX> key, if necessary, to turn
off the*MON TX" light.

Any signal from thereceive side of theline should now be heard through the ATS 2 speaker.
Usethe VOL Up or VOL Down key to adjust the volume to the desired level.

Press the <MEAS> key to display the current measure mode. The ATS 2 will display
“LEVEL/FREQUENCY”, aong with the two numerical values. Thefirst will be the level
of thereceived signal indBm,; the second will bethefrequency of thereceived signal in hertz
(H2).

For a 4-wire 3002-type line, the level reading should generally be between -12dBm and
-20dBm. For a 2-wire dedicated line, the level should be about 0 dBm when the local
communi cationsequi pment i stransmitting, and between -12dBm and -20dBmwhen only the
remote equipment istransmitting. On dial-up linestherangeis much more nebulous. When
the local equipment is transmitting, the range may be between 0 and -12dBm. When only
the remote equipment is transmitting, the level should be above the“receiver sensitivity” of
the loca communications equipment. If the ATS 2 displays “UNDERRANGE” or
“OVERRANGE”, the received signal isway out of range. Frequency readings are dependent
on the type of communications equipment and the presence or absence of datatraffic.

If the level and/or frequency readings are changing too fast to be readable, press the Down

Arrow key and use the <l > key to change the “DISPLAY DAMPING” setting to “ON”.
Then press <MEAS> again to return to the LEVEL/FREQUENCY display.

24



3.2 Monitoring Line Activity (continued)

19. If testingad4-wireline, pressthe <REV> key at thetop of theunit. The REV light will come
onindicating that the transmit and receive pairs have been reversed. Y ou are now listening
to the signal on the transmit side of the line and the ATS 2 is displaying its level and
frequency. The expected level of atransmit signal should beright around 0 dBm. If thelevel
measured hereis-12dBm or lower and the level measured previously was around O dBm, it
islikely that the TX and RX pairs of the phone line are reversed.

20. For both 2-wire and 4-wire lines, the above process should be repeated at the other end of
the line by returning to Step 12.

3.3 Test Configurations

In addition to monitoring capability, the ATS 2 hasthe ability to generate awide range of test
signals that allow a comprehensive set of measurements to be obtained. These tests are described
in the following sections.

Beforeany of thesetests can be performed, however, it isnecessary to determine whether the
linewill betested in an “end-to-end” or “loopback” configuration. Inthe end-to-end configuration,
shown in Figure 6, two ATS 2s are used, one being connected to each end of theline. Thismethod
is preferred because results obtained from it can be compared to tel ephone company specifications
(see Appendix A-16) to determine phonelinequality. Itsdisadvantageisthat it requirestwo test sets
and two technicians. Loopback testing, on the other hand, requires only one test set and one
technician, sincesignalsaretransmitted down thelinewherethey arelooped back to the transmitting
test set, as shown in Figure 7. Results obtained from loopback testing are not reliable enough to
compareto specifications, however. Loopback testing cannot be used for 2-wirelines(dia-up lines
included), and even in 4-wiretesting it isimpossible to identify which direction of transmission is
the source of the problem. The procedurefor establishing an end-to-end test isdescribed in Section
3.4 and aloopback test in Section 3.5. Section 3.6 describes how to set up amultipoint test and dial-
up testing is described in Section 3.7.

Appendix A includesablank Line Analysis Charts, suitable for copying, that can be used to
record and graph test results. If the chart isto be used, the circuit number (see Appendix A-20), a
description of the section of line to be tested and the test configuration should be included in
appropriate sections. A sample of acompleted chart is provided in Appendix A-21.

If at any time in the test procedure a line failure is found, you will have the option of
continuing the test or stopping at that point, as described in Section 3.14.

For “quick and dirty” phonelinetesting, the Peak-to-Average Ratio (P/AR) test may be used
as described in Section 3.13. Although we do not generally recommend the P/AR test for this
application, the procedure may befollowed oncethetest has been set up asdescribed in Sections 3.4
through 3.8.
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3.3 Test Configurations (continued)

Figure 6 - End-to-End Test Configuration

gl

HARDWIRE
OR
829

LOOPBACK

Figure7 - Loopback Test Configuration
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3.4 End-to-End Testing

End-to-end testing can be used for both 2- and 4-wirelines. In either case, two test setsare
required, oneat each end of theline. 2-wiretesting must be performed in ahaf-duplex fashion, with
only one unit transmitting at atime. Thus, one unit will be designated as the sending unit and the
other asthereceiving unit. Oncethetest iscompleted inthisconfiguration, theroles of the test sets
arereversed and the test isrepeated. 4-wire testing, on the other hand, can be full-duplex. In full-
duplex testing, each test set is configured to simultaneously send and receive. In either
configuration, two Line Analysis Charts should be used, one for each direction of transmission.

Whether afull- or half-duplex test is being run, the technicians at each end of the line may
communicate with each other during the test run by using the ATS 2's built-in microphone. When
one of the technicians wishesto talk to the other, he holds down the key marked “TALK” and talks
into the microphone directly above it. The technician at the other end will hear this through his
speaker. When done talking, the <TALK> key should be released so that the other technician may
respond. Notethat pressing the <TALK> key invalidates the readings displayed on the remote test
Set.

To set up an end-to-end test, proceed as follows:

1 Disconnect any existing communi cations equi pment from both ends of thetel ephone channel .
Connect an ATS 2 at each end of the line as described in Appendix A-15.

2. Press the <PWR> key on both units to turn power on. The unitswill come up in the most
recently selected Measure mode when the self-test is complete.

3. If the ATS 2 beepsand displays“BATTERY LOW” at this or any subsequent time, connect
the PS-4 battery eliminator/charger as described in Section 4.2.

4, Press the <SEND> key on both units to display the current Send mode.

5. For 4-wire testing, use the <I> or <I> key on both units to change the current Send
mode to “SEND 1004 Hz TONE” (if not already), then proceed to Step 8.

6. For 2-wire testing, choose one test set to act as the sending unit, and the other to act asthe
receiving unit. On the sending unit, use the <l > or <l> key, if necessary, to change the
current. Send mode to “SEND 1004Hz TONE”. On the receiving unit, change the current
Send mode, if necessary, to “SEND QUIET TERM.”

7. On the receiving unit, press the Down Arrow key to display the* TERMINATION” option.
If “TERM” isflashing, proceed to Step 8, otherwise use the < > key to select “TERM.”
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3.4 End-to-End Testing (continued)

8. Onboth units, pressthe Down Arrow key to display the“IMPEDANCE” option. Thisoption
should be set to match theimpedance of theline under test, with choices of 600 or 900 ohms.
The flashing value is the current setting for this option. 600 ohmsis used for al testing at
customer premises. Usethe <> or <> key, if necessary, to change this setting.

9. On both units, press the Down Arrow key again to display the “LINE” option. Use the
<> or <I> key, if necessary, to changeit to the correct setting.

10.  Onboth units, pressthe Down Arrow key again to display the“AUTO SHUT OFF’ option.
If set to “ON”, the ATS 2 will automatically shut itself off after 15 minutes of keyboard
inactivity. If set to “OFF”, the auto shut off featureis disabled. Usethe<l> or <l > key
if necessary to change this setting to the desired value.

11. On both units, insure that all LED indicators at the top of the test set are off (except the
‘MON TX’ indicator in 2-wiretesting). If not, pressthe associated key to turn the indicator
off.

12. Thetest setsare now configured to send a 1004 Hz tone over theline. At this point testing
may proceed as described in Section 3.8.

3.5 Loopback Testing

Asexplainedin Section 3.3, loopback testing can only be used on 4-wire dedicated linesand
only asavery general indicator of linequality. A loopback can be established in either of two ways.

One method, the “ hardwire” loopback, isto go to the remote site and physically jumper the
transmit pair to thereceive pair. Two clipsleadsarerequired todothis. Thismethod providesmore
conclusive results than the aternative, but at the cost of requiring a visit to the remote location
(which often is not feasible).

The other method can only be used on lines with a Western Electric 829 or equivaent
channel interface unit. Here asingletest set is connected at one end of theline. Thetest set sends
atone to the channel interface at the other end of the line instructing it to go into loopback. The
channel interface then connectsits transmitter to itsreceiver so that the signal generated by the test
set is returned. This is by far the most convenient method of testing since it requires only one
technician and onetest set and no visitsto theremotelocation. It doesrequirethat theline have 829s
installed, though.
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10.

3.5 Loopback Testing (continued)
To set up aloopback test, proceed as follows:

If performing ahardwireloopback, jumper the transmit pair to thereceive pair at thefar end
of the phoneline.

At thelocal end of the phone line, disconnect any communications equipment and connect
the ATS 2inits place as described in Appendix A-15.

Press <PWR> to turn power on. The ATS 2 will test itself then jump to the most recently
selected Measure mode menu. If the ATS 2 displays “BATTERY LOW” at this or any
subsequent point, connect the PS-4 battery eliminator/charger as described in Section 4.2.

Press <SEND> to display the current Send mode.

Usethe <‘| >or< |'> key, if necessary, to changethe Send modeto*“ SEND 1004Hz TONE”.
Pressthe Down Arrow key to display the“ IMPEDANCE” option. Thisoption should be set
to match theimpedance of theline under test, with choices of 600 or 900 ohms. Theflashing
value is the current setting for_this option. A setting of 600 ohms is used for all testing at

customer premises. Usethe <> or <> key, if necessary, to change this setting.

Press the Down Arrow key again to display the “LINE” option and change it, if necessary,
to “4-WIRE".

Pressthe Down Arrow key againto display the* AUTO SHUT OFF” option. If setto“ON”,
the ATS 2 will automatically shut itself off after 15 minutes of keyboard inactivity. If set
to “OFF”, the auto shut off feature is disabled. Usethe<ll> or <l > key, if necessary, to
change this setting to the desired value.

If any of the LED indicators at the top of the test set are on, press the associated key to turn
it off.

Thetest set isnow configured to send a1004 Hz tone. Testing may proceed asdescribed in
Section 3.8.

3.6 Testing Multipoint Circuits

A multipoint circuit is one in which a single master location is connected to two or more

slave locations as shown in Figure 8. For testing purposes, it is helpful to think of the multipoint
circuit as two or more related point-to-point circuits. For example, the circuit in Figure 8 can be
thought of as a circuit running from the master location to slave “A” and a separate, but related,
circuit running from the master location to slave “B”. The objective of multipoint testing isto test
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3.6 Testing Multipoint Circuits (continued)
each of these sub-circuits, or “legs’, without interference from any of the other legs.

To test a multidrop line in an end-to-end configuration, first disconnect al data
communications equipment (DCE) from the line, then connect an ATS 2 to the line at the master
location and another ATS 2 at the slave “A” location. Testing is then performed on this section of
theline. When complete, the ATS 2 isremoved from theslave“A” lineand moved to the slave “B”
line, where the test procedures are repeated. This process continues until each leg has been tested.

The same theory applies to loopback testing. Here aloopback is established at the master
location, then testing is performed one at a time from each of the slave locations. In the case of a
hardwireloopback, avisit must first be made to the master | ocation to establish theloopback. Inthe
case of 829 tone-activated |oopbacks, theloopback may be established remotely from thefirst slave
location. Testing then proceeds one leg at atime until complete, at which time the loopback may
be remotely terminated from the last slave location. Thus an 829 tone-activated loopback test
requires no visits to the master location.

An aternative, which allows all testing to be performed from the master location, existsin
using the 829 tone-activated |oopback on multipoint lines, provided that somebody will beavailable
at each of the slave locations to plug in and unplug channel interfaces. In this alternative, the test
set isconnected at the master location, then the 829 channel interfaces at each slave location except
location “A” are unplugged from the AC power outlet. Testing then proceeds on leg “A” until
complete, at which time the 829 at location A is unplugged and the 829 at location B is plugged in.
This process continues until each leg has been tested (and be sure to plug the 829's back in when
done).

Oncealeg hasbeenisolated for testing, the test may be set up as described in Section 3.4 for
end-to-end testing, or Section 3.5 for loopback testing.

DCE DCE DCE

MASTER SLAVE A SLAVE B

Figure 8 - Multipoint Line with Two Slave Locations
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3.7 Dia-Up Testing

Dial-up lines are similar to 3002 lines and for the most part will meet the specifications of

an unconditioned 3002 channel. The telephone company isunder no obligation, however, to insure
that it does. Thus resolution of dial-up problems can be difficult (and often impossible). Dial-up
testing is also complicated by the 2-wire nature of dial-up lines, which rules out the possibility of
loopback testing. Even so, dial-up lines can be tested in an end-to-end fashion to determine basic
acceptability.

Before a dia-up line can be tested, a connection between two locations must first be

established. This can be accomplished usingtwo ATS 2s, one at the local end to placethecall, and
the other at the remote end to answer the call. To do so, proceed as follows:

1.

Power both ATS 2son by pressing the <PWR> key. When theinternal self test iscomplete,
the ATS 2 will display the most recently selected Measure mode. If the ATS 2 displays
“BATTERY LOW” at this or any subsequent time, connect the PS-4 battery
eliminator/charger as described in Section 4.2.

Press <SEND> on both units to display the current Send mode.

On the answering unit, use the <I> or <I> key to change the Send mode to “SEND
QUIET TERM”, then press the Down Arrow key to display the“TERMINATION” option.
If “TERM” isflashing, proceed to Step 4. Otherwise, pressthe< | > key to select “TERM”.

On the calling unit, use the <‘|> or <|'> key to change the Send mode to “MANUAL
DIAL".

On the calling unit, pressthe Down Arrow key again. The ATS 2 will now display “DIAL
METHOD” and “PULSE DTMF". The flashing value shows the current configuration of
the ATS 2. If the flashing value isincorrect, use the < I > or <I > key to changeit. This
option should be set to match the phoneline. If thelineistouch-tone, select DTMF. If the
lineisrotary dia, or if you are unsure, select PULSE.

On both units, press the Down Arrow key again to display the“ IMPEDANCE” option and
press the < | >key, if necessary, to select “600 ohms’ .

On both units, press the Down Arrow key again to display the “LINE” option and select
“2-WIRE".

On both units, pressthe Down Arrow key again to display the“*AUTO SHUT OFF” option.

You may instruct the ATS 2 to automatically shut itself off if left unattended by selecting
“ON” or you may defeat the automatic shut-off by selecting “ OFF”.

31



3.7 Dia-up Testing (continued)

9. Thiscompletes configuration of the Send menu (theremaining option will not beused inthis
test). Disconnect any existing communications equipment from the phone line and connect
both ATS 2s using the supplied cable (see Appendix A-15). Make surethat the‘REV’ and
‘HOLD’ lightson both ATS 2sare off. If either ison, pressthe associated key to turn it off.

10. On the calling unit, press <SEND> so that the ATS 2 again displays “MANUAL DIAL",
then press the <HOL D> key so that the HOLD light comes on and the line goes off-hook.

11. Dial tone should now be heard on the calling unit. The volume may be adjusted with the
VOL Up or VOL Down key.

12. Key in the phone number for the remote test set from the keypad of the calling unit. You
should hear the ATS 2 dialing as you do so.

13.  Thering should be heard on both test sets. When heard, press the <HOLD> key on the
answering unit to turn the HOLD light on and answer the call by taking the line off-hook.

14. On the calling unit, press the <|'> key until the display reads “SEND 1004Hz TONE”.
This transmits a 1004 Hz tone which should be heard on both ATS 2s.

15.  To establish voice communications, press the <TALK> key on one unit and speak into the
microphone located directly aboveit. Release the <TALK> key when done talking so that
the remote technician may respond.

16. Testing may now proceed asdescribedin Section 3.8. Notethat from here on the calling unit
will be referred to as the “sending” unit, and the answering unit as the “receiving” unit.

3.8 Insertion Loss and Continuity Testing

This section describes how to measure the frequency and level of a1004 Hz test tone. This
one simple test serves four purposes: it determines whether AC continuity exists, it measures the
“insertion loss’ characteristic of the ling, it provides ageneral idea of frequency shift and it serves
as areference for future tests.

Before this test can be performed, the procedures in Sections 3.3 through 3.7 should be
followed to establish a connection and generate a 1004 Hz test tone. If you plan to use the tone-
activated |loopback feature of an 829-equivalent channel interfaceunit, the procedurefor establishing
the loopback isincluded in thefollowing steps. Theterms*sending unit” and “receiving unit” refer
to 2-wiretesting. For 4-wire testing, each step should be performed on each test set connected to
theline.
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10.

3.8 Insertion Loss and Continuity Testing (continued)
Establish aline connection as described in Section 3.3 through 3.7.

On the sending unit, press <SEND> to return to the top of the Send menu, then press
<LEVL> to cause the “dBm” indicator in the display to flash. Thetransmit level may now
be keyed in. For dedicated line testing, this level will normally be 0 dBm, which is keyed
inas<0><ENTER>. For dial-up lines, thetransmit level should be set to match thetransmit
level of the communications equipment normally connected to theline. Thiswill be-9dBm
for permissive (RJ11C) type connections, -4 dBm for fixed-loss loop arrangements, or
between 0 and -12 dBm for programmable connections. To enter adia-up level, pressthe
<SIGN> key, if necessary, to change the sign of the displayed level, then key in the desired
value and press <ENTER>.

On the receiving unit, press the <M EAS> key to display the current M easure mode and use
the< > or <1 > key, if necessary, to select “LEVEL/FREQUENCY".

On the receiving unit, press the Down Arrow key to bring up the “DISPLAY DAMPING”
option. Usethe <> key, if necessary, to select “OFF”

On the receiving unit, press the down Arrow key again to display the “TERMINATION”
option. If “TERM” is flashing, proceed to Step 6. Otherwise press the <l > key to select
“TERM”.

On the receiving unit, press <MEAS> to return to the top of the Measure menu.

If performing an 829 tone-activated |oopback test, hold down the <2713> key at thistime
and release it after 5 seconds. This generates a 2713 Hz tone.

Thereceiving test set should now be picking up the transmitted 1004 Hz tone. If running an
829 tone-activated |oopback test and the toneis not picked up, repeat Step 7. When thetone
isheard, the 829 hasgoneinto loopback, whereit will remain until the<2713> key ispressed

again.
The VOL Up or VOL Down key can be used to set the speaker volume as desired.

If thelevel and/or frequency are changing too fast to be readable, pressthe Down Arrow key
on the RECEIVING unit to bring up the “DISPLAY DAMPING” option, and usethe <>
key to select “ON”. Then press <MEAS> again to return to the LEVEL/FREQUENCY

display.
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3.8 Insertion Loss and Continuity Testing (continued)

11. If the ATS 2 displays “UNDERRANGE" or “OVERRANGE", theinsertion loss of theline
istoolow or high. Ondial-up lines, thelevel should be higher than the“ receiver sensitivity”
of the communi cations equipment which will normally be connected to theline. Inall cases,
the reading should vary no more than 6 dBm.

12. Regardless of linetype, the frequency reading should be 1004 Hz (+5 Hz) and the tone heard
through the speaker should be a pure, clear tone, with no discernible background noise. (If
noiseis heard, it may be measured as described in Sections 3.10 through 3.12).

13. Both the level and frequency readings should be recorded on the Line Analysis Chart. The
insertion loss may be cal cul ated by subtracting thereceivelevel fromthetransmitlevel. The
resulting value should lie between 12 and 20 dB, or between 24 and 40 dB for the hardwire
loopback testing. Record this value on the Line Analysis Chart.

14.  You may now proceed to Section 3.9 to run acomprehensive test, or to Section 3.13to run
aP/AR test which provides ageneral ideaof line quality.

3.9 Frequency Sweeps (Attenuation Distortion Testing)

Theinsertion loss/continuity test described in the previous section will weed out most phone
line problems. The ability of a channel to pass a 1004 Hz tone, however, does not necessarily
indicate an acceptable phoneline. This section and the sections that follow describe how to make
further measurements of phone line acceptability.

The test described in this section is a“frequency sweep”. Thistest is used to measure the
“attenuation distortion” (or “frequency response’) characteristic of the channel. Inthistest, arange
of frequencies covering the voiceband spectrum is generated and measured at the other end. Idedly,
each signal, regardless of frequency, should be received at the same level as the 1004 Hz tone
measured previously. Thisnever happensinreality, however, and the degree of deviation from this
ideal can be used to further determine the quality of the transmission line.

The level readings obtained at each frequency in thistest may be plotted on the graph at the
left-hand side of the Line Analysis Chart and compared to the specifications shown on page A-17.

Since the measurements obtained in this test will al be referred to the 1004 Hz tone
measurement, it is necessary to first set up and run an insertion loss/continuity test as described in
Sections 3.3 through 3.8. Once this has been done, the test proceeds asfollows (the terms “ sending
test set” and “recelving test set” in the discussion below refer to 2-wire testing. For 4-wire testing,
each step should be performed on each test set connected to the line):



10.

11.

Generate and measure a 1004 Hz tone as described in Sections 3.3 through 3.8.

On the receiving test set, press the <REL> key. The level reading now becomes 0 and the
“dBm” indicator changesto “dB”. From now on, al received levels will be related to the
level which was being received at the instant you press the <REL> key. Since a 1004 Hz
tone was being received at thistime, all future readings will be in reference to the 1004 Hz
reading.

On the sending unit, press <SEND> then <|'> until the Send mode changes to “SEND
AUTO STEP’. Thismodewill beused to automatically step through arangeof frequencies.

On the sending unit, press the Down Arrow key to display “ SF SKIP’ and use the < |'> key
if necessary to select “ON”.

On the sending unit, press the Down Arrow key again. The ATS 2 now displays the
“START FREQUENCY”. From the keypad, key in “304", then press <ENTER>.

On the sending unit, press the Down Arrow key again to display “END FREQUENCY™”.
Now key in “3304" followed by <ENTER>.

On the sending unit, press the Down Arrow key again to display “STEP SIZE”. Thistime
key in “300" then <ENTER>.

On the sending unit, press the Down Arrow key again to display “STEP DWELL TIME”.
Options for this area a finite number of seconds or “MANUAL”. Pressthe <l > key if
necessary to select afinite number of seconds, then key in “10" followed by <ENTER>.

Thesending unitisnow configured to automatically step through arange of frequenciesfrom
304 to 3304 Hz in 300 Hz increments every 10 seconds. The SF Skip parameter will cause
it to skip over the 2704 Hz frequency, insuring that the remote 829 will not accidentally be
taken out of (or put into) loopback and that unwanted signaling frequencies will not be
inadvertently generated on dia-up lines. Press <SEND> on the sending unit, then press
<START> to begin sending the 304 Hz tone.

Onthereceiving unit, press<MEAS> to display thelevel and frequency readings. Each time
anew frequency is received, the frequency reading will take a second or two to stabilize.
Once the display has stabilized, note the level reading for the received frequency. Plot this
level on the graph on theleft-hand side of the Line Analysis chart with an“X” or alarge dot.
Notethat the dot has already been plotted on the graph showing the 0 dB reading at 1004 Hz.
Y ou may alsowish towrite in each level reading above or bel ow the point on the graph (see
Appendix A-21 for an example). If the ATS 2 displays“UNDERRANGE” or
“OVERRANGE” at any point, the received signal isway out of specs.

If the test is proceeding too fast or too slow, press <SEND> on the sending unit, followed
by the Down Arrow key, until the“STEP DWELL TIME” optionisagain displayed. Then

35



key in amore appropriate time interval (in seconds) and press <ENTER>. Press <SEND>
or <MEAS> to return to the send or measure display, as desired.

12.  When al of the frequencies from 304 to 3304 Hz have been generated and their levels
recorded, draw a continuous line across the graph to connect the points. Make sure that this
line also passes through the 0 dB 1004 Hz point (again see Appendix A-21, if necessary).

13. Compare the graph with the specifications shown on page A-17. Note that some
measurements may indicate aline is out of specification for one type of conditioning, but
may be satisfactory for others.

14. On the Line Analysis Chart, writer either “acceptable” or “unacceptable” under the
“ATTENUATION DISTORTION” heading then proceed to the next section.

3.10 C-Message Noise Measurements

Even if a phone channel iswithin specsin its ability to pass voiceband frequencies, it may
still be degraded by noise. Noise itself can be classified into 3 separate categories. One form of
noise is present on the line at all times at relatively constant levels. Hiss, crosstalk and stray
inductance would beincluded in this category. Thistype of noise can be measured by using the“C-
message” noise measurement techniquesdescribed inthissection. Theother two formsof noisemay
be measured by following the* signal-to-noiseratio” and “impulse noise” test procedures described
in Sections 3.11 and 3.12.

Before running this test, the operator should test the line for continuity as described in
Sections 3.3 through 3.8. Once this has been done, the test may be run as described below. As
before, the discussion below refersto a sending unit and areceiving unit. If the loopback test or 4-
wire full-duplex test is being run, all steps apply to each test set connected to the line.

1 On the sending unit, press <SEND> to access the top of the Send menu, then use the <‘| >
or <> key to change the Send mode to “SEND QUIET TERM.”

2. On the receiving unit, press <MEAS> to access the top of the Measure menu, then press
<I> until “NOISE” isdisplayed in the upper |eft-hand corner.

3. On the receiving unit, press the Down Arrow key to display “FILTER”, then use the <‘| >
or <I> key to select “C-MSG”.

4, Onthereceiving unit, press<MEAS> again to return to the NOISE display. The C-Message
noise level will now be displayed in terms of dBrnc (see Appendix A-14). If the display
changestoo fast to be readable, pressthe Down Arrow key twiceto bring up the“DISPLAY
DAMPING” option, then press the <l > key to change it to “ON”. Press <MEAS> to
return to the NOISE display.
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The displayed figure may now be compared to the specifications listed in Appendix A-18.
If the ATS 2 displays “OVERRANGE”, the noise level is extremely high and way out of
specs. If the ATS 2 displays “UNDERRANGE”, the noise level is very low and is well
within specs. Record the C-message noise reading on the Line Analysis Chart. Refer to
Appendix A-21 for an example.

3.11 Measuring Signal-to-Noise Ratio

Unlike C-message noise measurements, which determine the noise level when no signal is

present on the line, the signal-to-noi se ratio measurement determines the noiselevel when signal is
present. The signal-to-noise ratio measurement is similar to the C-message noise measurement in
that it is affected only by steady state noise. Thus one of the major factors affecting signal-to-noise
ratio is“harmonic distortion”.

Assuming that the C-message noise measurement was just performed, this test may be run

as follows (otherwise setup a 1004 Hz tone and test for continuity as described in Sections 3.3
through 3.8, then start at Step 2 below):

1.

On the sending unit, press <SEND> to access the Send menu, then press <|,> to change
the Send mode to “SEND 1004Hz TONE”.

On the receiving unit, press <MEAS>, then use the <l > key to change the current
Measure mode to “SIGNAL TO NOISE”. Thereceiving unit should now display “TONE”
along with the signal-to-noise ratio in terms of dB (see Appendix A-14). If the “TONE”
message is not displayed, the 1004 Hz signal is not being received from the transmitter and
the signal-to-noiseratio readingisinvalid. Inthis case, reaffirm that the sending unit is set
for “SEND 1004Hz TONE” and that its transmit level is correct.

If the display gn thereceiving unit updatestoo fast to be readable, pressthe Down Arrow key
and use the < | > key to change the “DISPLAY DAMPING” option setting to “ON”. Then
press <MEAS> again to return to the SIGNAL TO NOISE display.

For dial-up, unconditioned and C-conditioned lines, the signal to noise ratio reading should
be 24 dB or greater. For D-conditioned lines, this figure should be 28 dB or greater. If the
ATS2displays“UNDERRANGE", thesignal-to-noiseratioislessthan 10 dB and thusway
out of specs.

Record the signal-to-noise (S/N) ratio on the Line Analysis Chart and proceed to Section
3.12.

3.12 Impulse Noise Measurements

Impulse noise is a sporadic “spike” (e.g., pop or click) of high amplitude. Impulse noise

measurements are made in terms of the number of spikes exceeding a specified amplitude over a
giventime period. Telco specsidentify threedifferent amplitudelevels, or “thresholds’ to betested
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against. Thus, the impulse noise test may need to be run up to three times using three different
thresholds. Since the thresholds are determined based on the received 1004 Hz tone level, a 1004
Hz tone must first be generated and measured as described in Sections 3.3 through 3.8.

Since this test must be run up to three times, and since each repetition involves counting
spikesover arelatively long period, you may prefer to measureimpulse noiseonly if you have heard
popsor clicksthrough the speaker during the previoustests, or in situationswherethe phonelinehas
exhibited a high number of sporadic errors.

This test requires that an uninterrupted 1004 Hz tone be generated by the sending unit.
Thereforethe <TALK> key should not be used on the sending unit whilethetestisin progress. The
test isrun asfollows:

1. On the receiving test set, press <MEAS>, then use the <|’> key to change the current
Measure mode to “IMPULSE".

2. On the receiving test set, press the Down Arrow key until it displays “THRESHOLD”.

3. Theimpulse threshold must now be cal culated and entered on thereceiving unit. Thevalue
is based on the received 1004 Hz level which should be previously have been recorded on
the Line Analysis chart. The threshold will change each of the three times you run through
thetest. Thefirst timethrough, add 84 to the 1004 Hz reading. Theresulting value will be
in terms of dBrn (see Appendix A-14) and should be rounded to the nearest integer. Key
this value in from the keypad, then press <ENTER>. The second and third times through,
add 4 to the previousvalue. (Example: Thereceived 1004 Hz reading was-16.2 dBm. The
first time through, add 84 and round to avalue of 68 dBrn. Key thisin by pressing <6> <8>
<ENTER>. The second time through, add 4 to this value to get 72 dBrn, and the third time
through, add 4 more to get 76 dBrn.)

4, Onthereceiving unit, pressthe Down Arrow key againto display “COUNT PERIOD”. The
test may be run for afinite number of minutes or continuously. The recommendation isfor
afinite test of 15 minutes. Pressthe <> key, if necessary, to select this option, then key
in the desired number of minutes followed by <ENTER>. A shorter or longer interval may
be selected, but the 15 minute interval will be the easiest to work with and is the minimum
interval for telco acceptance.

5. On thereceiving unit, pressthe Down Arrow key again to display the“FILTER” option and
setitto “C-NOT”.

6. Onthereceiving unit, press<MEAS> to return to theIMPUL SE display. The ATS 2 should
display “TONE” in the lower right-hand corner. If not, the 1004 Hz tone is not being
received. Reaffirm that the sending unit is set for “SEND 1004Hz TONE” and that its
transmit level is correct.

7. On the receiving unit, press <START> to start the test.
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8. Thereceiving test set will display first the number of received impulsesfollowed by thetime
interval in hours and minutes. The flashing colon (:) in the display indicates that the test is
in progress.

9. When the receiving unit beeps and the colon stops flashing, the test isover. The test may
also be stopped manually by pressing <STOP>. For a 15 minute test, the count should not
exceed 15 thefirst timethrough, 9 the second time and 5 the third time. Otherwisethe count
should not exceed 1 per minute the first time, 0.6 per minute the second time and 0.33 per
minute the third time.

10. On the receiving unit, press the Down Arrow key to read the TONE LOST counter. If this
valueisnon-zero, the 1004 Hz tone was lost during the test and the impulse count isinvalid.

11. Record the impulse count, the count period, threshold and tone lost counter values on the
Line Analysis Chart. If the impulse count was 0, it is unnecessary to run the test again at a
higher threshold and testing may proceed to Section 3.13.

12. If the test isto be run again, return to Step 2.

3.13 P/AR Measurements

One other characteristic that adversely affects phone line performance is “phase non-
linearity”. Thistypeof distortion can be measured using atechnique called the peak-to-averageratio
(P/ARtest). Although no tariffed specificationsexist for acceptable and unacceptable P/AR ratings
at this time, they can be evaluated for general acceptability and they are respected by common
carriers.

TheP/AR testisalso affected to some extent by attenuation distortion and background noise
(but not impulsenoise). Thus, if the P/AR test isto be used to provide strictly anindication of phase
non-linearity, the test procedure described in Sections 3.3 through 3.11 should be followed first, to
eliminate attenuation distortion and noise as possible sources of trouble. By the sametoken, though,
the P/AR test can be used by itself to provide a general indication of overall phone line quality.

Note, however, that when used in this application, a continuity test must first be performed as
described n Sections 3.3 through 3.8. Also note that P/AR results are not nearly as reliablein this
application as those obtained from the comprehensive test procedure.

Once the pre-requisites have been met, the test may proceed as follows:

1 On the sending unit, press <SEND> to access the top of the Send mode setup menu and use
the< > or <1 > key to select “SEND P/AR SIGNAL”.

2. Onthereceiving unit, press<MEA S>to accessthetop of the M easure mode setup menu and
usethe<l>or <> key to select “PIAR".
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3. Thereceiving unit will now display the received signal level in dBm and the P/AR ratingin
units. If thedisplay reads“UNDERRANGE” or “OVERRANGE”, thereceived signa istoo
weak or strong, respectively, and is way outside of specs.

4. Record the number of P/AR units on the Line Analysis Chart. A value of 100 or higher
indicates a perfect line. Ratings of less than 70 to 80 may pose problems for high-speed
circuits (4800 bps and up) and ratings below 50 may pose problemsfor lower speed circuits.

3.14 Test Conclusion

If the test procedures described in Sections 3.3 through 3.13 have been followed, you will
now have a completed Line Analysis chart and a good idea of the quality of the phone channel.
Note, however, that if you have been using the 2-wire test configuration, you will at this point have
only tested the line in one direction of transmission. In this case, you will now have to reverse the
roles of the sending and receiving test sets and repeat the test procedure in the other direction using
asecond Line AnalysisChart. Tgdothis, takethetest set that was previously the sending unit, press
<SEND>, and usethe < | > or < > key to change the Send mode to “SEND QUIET TERM.” Then
pressthe Down Arrow key and, if necessary, changethe“ TERMINATION” gptionto“TERM”. On
what was previously thereceiving unit, press<SEND> and usethe< | > or < | > key to select “ SEND
1004Hz TONE". Then repeat the test procedure starting at Section 3.8.

Also note that if you are testing a multidrop line, it will be necessary to repeat the test
procedure on the remaining legs as described in Section 3.6.

If you have been running an 829 tone-activated loopback test, it will be necessary to takethe
remote 829 out of loopback before disconnectingthe ATS 2. To do this, first make surethe“MON
TX” lightisoff. If itisnot, press<MON TX> to turn it off. Then usetheVOL Up or VOL Down
key, if necessary, to adjust the speaker volumeto asuitable level. Next hold down the <2713> key
and you should hear ahigh-pitched (2713 Hz) tone come through the speaker. After afew seconds
this tone should go away, indicating that the line is out of loopback. Release the key at thistime.

Thetest isconcluded by disconnecting the ATS 2sfrom thelineand pressing <PWR>to turn
them off, reconnecting any existing communi cations equi pment, plugging all 829 channel interface
units back into the wall outlet, and removing al jumpers from the telco line.

If the line was found to be out of specs on one or more parameters, it will now be necessary
to contact the phone company. (If the failure was found on aloopback test, it isadvisable, although
not always necessary, to perform that test again in an end-to-end mode before contacting the phone
company). Refer to the designated circuit number when talking to telco employees (see Appendix
A-15) and record the names of telco contacts on the Line Analysis Chart.
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3.15 Testing Short-Haul Lines

Short-haul dedicated lines are entirely different than 3002-type lines in terms of

characteristics and testing. There are no tariffed specifications for short-haul lines, so that testing
for specificsimpairmentsis out of the question. Theline can nevertheless be tested usingthe ATS
2for general quality and for compatibility with communications equipment interms of DC coupling
(continuity) and loading.

Like 3002 lines, 4-wire short haul lines can betested in a hardwired loopback or end-to-end

configuration. Since short-haul lines generally are not equipped with 829 channel interfaces, this
type of loopback isusually ruled out. To perform thetest, first configurethetest set (s) as described
in Sections 3.4 or 3.5. Then proceed as follows (the discussion below refersto a sending unit and
areceiving unit. If a4-wiretest isbeing run, all steps apply to each test set connected to the line):

1.

On the sending unit, press <SEND> to return to the top of the Send menu, then press
<LEVL> to causethe“dBm” indicator in the display to flash. The transmit level may now
be keyed in. Since theimpedance of short-haul linesvarieswidely, it will be impossible to
set a precise transmit level. Instead the transmit level can only be roughly approximated.
Key in <0>then <ENTER> to set the transmit level to approximately 0 dBm.

On thereceiving unit, pressthe <MEAS> key to display the current Measure mode and use
the< > or <1 > key, if necessary, to select “LEVEL/FREQUENCY".

On the receiving unit, press the Down Arrow key to bring up the “DISPLAY DAMPING”
option. Usethe <l > key, if necessary, to select “OFF”.

On the receiving unit, press the Down Arrow key again to display the “TERMINATION”
option. If “TERM” isflashing, proceed to Step 5. Otherwise, press the < I > key to select
“TERM”.

On the receiving unit, press <MEAS> to return to the top of the Measure menu.

The receiving test set should now be picking up the transmitted 1004 Hz tone. On the
receiving unit, hold down the VOL Up or VOL Down key to set the speaker volume as
desired.

If thelevel and/or frequency are changing too fast to be readable, pressthe Down Arrow key
on the RECEIVING unit to bring up the “DISPLAY DAMPING” option, and use the
<I>keytoselect“ON”. Then press<MEAS> againtoreturnto the LEVEL/FREQUENCY

display.

If the ATS 2 displays “UNDERRANGE”, the signa level is too low for the ATS 2 to
interpret. Check the sending unit and makesurethat itisset for “SEND 1004Hz TONE” and
that its transmit level is set correctly. If so, press <REV> on the RECEIVING unit. If a
reading is obtained at this point, the transmit and receive pairs of the phone lines were

reversed. Otherwise, the transmitted signal is not getting through the phone line.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

If thereceived level isinrange, record it. Notethat there are no specsasto what thereceive
level should be.

On the sending unit, press <SEND> to display the current Send mode, then use the < I>
key to changeit to “SEND AUTO STEP".

On the sending unit, pressthe Down Arrow key to display the “ SF SKIP” option. Although
the SF skip feature is pot needed in short-haul line testing, we recommend that it always be
left “ON”. Usethe <l>or <I> key, if necessary, to changeit.

On the sending unit, press the Down Arrow key again to display the “START
FREQUENCY”. Key in 50, then press<ENTER>.

On the sending unit, pressthe Down Arrow key again to display the“END FREQUENCY™.
Key in 5000, then press <ENTER>.

On the sending unit, press the Down Arrow key again to display the“STEP SIZE”. Keyin
450, then <ENTER>.
3.15 Testing Short-Haul Lines (continued)

Onthe sending unit, pressthe Down Arrow key againto display the* STEPDWELL TIME”.
This may be set to a specific time or to “MANUAL”. Pressthe <l > key, if necessary, to
select a specified time interval, then key in 10 followed by <ENTER>.

Thesending unitisnow configured to automatically step through arange of frequenciesfrom
50 to 5,000 Hz in 450 Hz increments. It will generate a new frequency every 10 seconds.
Press <SEND> on the sending unit, then press <START> to begin transmitting the 50 Hz
tone

On the receiving unit, press <MEAS> to return to the “LEVEL/FREQUENCY” display.
Thereceiving unit will now display thereceivelevel and frequenciesof the signalsgenerated
by the sending unit. Each time anew frequency is generated, the display will take a second
or twoto stabilize. Whenthedisplay doesstabilize, record thelevel and frequency. Continue
this process until all frequencies from 50 to 5000 Hz have been recorded.

Theresults of the test may now be analyzed. If the highest level reading was obtained at 50

Hz, and if each level dropped off progressively thereafter, the line is probably DC-coupled. If,
however, any of the level readings were higher than the 50 Hz reading or if the 50 Hz reading was
“UNDERRANGE", the lineis probably AC-coupled.

If the received level wasrelatively constant over the 500 to 2750 Hz range, but dropped of f

rapidly inthe 3200t0 4100 Hz range (possibly even goingto “ UNDERRANGE”) thelineisprobably
loaded (or amplified). If, onthe other hand, the received level dropped off gradually all the way up
through 5000 Hz, the line is probably unloaded.
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For unloaded, unamplified lines, a rough approximation of line length may be made by
subtracting the 2750 Hz level reading from the 1850 Hz reading. The result is the approximate
length of the linein miles. Note that if a hardwire loopback test is being run, the result should be
divided by two to determine the actua circuit length.
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4.0 MAINTENANCE
41 Generd

The ATS 2 Audio Test Set is a solid state device, highly reliable, and requires no
adjustments. The only routine maintenance required is the periodic recharging of the interna
batteries as described below.

In case of problems with the Audio Test Set, the self-test program described in Section 4.3
should be run to verify that the ATS 2 is operational. If the Audio Test Set is found to be non-
operational, it should be returned to the factory for repair. Return authorization and shipping
instructions must be obtained from the factory before returning the Test Set. A note indicating the
suspected failure or symptoms and return address should be included with the unit when shipped.

4.2 Battery Recharging/AC Operation

Thebatteriesinthe ATS2 Audio Test Set should berecharged whenthe“*BATTERY LOW”
statusmessage appearsduring normal operation. Theplugfromthe PS-4 Battery Eliminator/Charger
should be plugged into the jack on the bottom end of the Audio Test Set first. The switch on the
bottom of the transformer should be set to either 115 or 230 vac depending on the power source
available. Thetransformer should then be plugged directly into astandard 115 vac outlet or through
an adapter into a 230 vac outlet.

The batteries should be charged for at least four hours with the power switch off to assure
a full charge. The Audio Test Set can be used while the batteries are being recharged but the
recharge time will be longer. The Audio Test Set can be left on charge continuously without
damage.

CAUTION - Only the Electrodata PS-4 Battery Eliminator Charger should be used with the
ATS 2 Audio Test Set. Other battery eliminator/chargers, even though they may have the
same connector, are not compatible with the Audio Test Set and may result in damageto the
Audio Test Set. Rechargeable batteries are not user-replaceable and replacement should be
performed by a qualified service person.
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4.3 Saf-Test Procedure

The ATS 2 contains ashort self-test that runs each time the unit is powered on. In addition,
the ATS 2 contains a comprehensive self-test which can be run by holding down the <HOLD> key
and turning power on. In either case, the ATS 2 will turn on and display “Electrodata, Inc.” on the
top line, and the part number and revision level of the software on the bottom line.

On completion of the short self-test, the ATS 2 will beep and display either “SELF TEST
PASSED” or “SELF TEST FAILED”. If the self-test fails, charge the batteries as described in
Section 4.2, then run the test again. If it still fails, contact the factory or your local Electrodata
representative.

The comprehensive self-test consists of 9 sections. The display shows which section is
currently being tested. As each test is completed successfully, the ATS 2 will beep twice and
proceed to the next section. If, however, atest fals, the ATS 2 will emit a single long beep and
display “SELF TEST FAILED” before proceeding. The 9 sections tested by the ATS 2 are as
follows:

PROGRAM MEMORY
DATA MEMORY
DISPLAY
LOOPBACK
3kHz FILTER
C-MSG FILTER
C-NOT FILTER
IMPULSE NOISE
P/AR

During the DISPLAY test, the ATS 2 will count down from 9to 1 in each display position.
It is up to the operator to verify that thistest is successful.

When the entire procedureiscomplete, the ATS 2 will beep twiceand display “ SELF TEST
COMPLETE”, then return to the most recently selected measure menu.

If an error isencountered during the comprehensive self-test, contact thefactory or your local
Electrodata representative and explain which section or sections of the test failed.

Always obtain return authorization from the factory before returning equipment for repair.
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5.0 WARRANTY

The ATS 2 isguaranteed to be free of defects in material and workmanship for a period of
one year after receipt by the origina purchaser.

Under this Warranty, defective equipment will be either repaired or replaced at the option
of Electrodata, Incorporated. Electrodata, Inc. will pay al transportation costs on equipment being
returned for Warranty repair when return authorization has been obtained.

Liability under this Warranty extends only to the replacement value of the ATS 2. This
Warranty isvoid if:

1 the ATS 2 has been altered or repaired without written authorization of Electrodata,
Inc.; or

2. the ATS 2 isinstalled or operated other than in accordance with the instructions
contained in this manual or Electrodata literature.

After expiration of thisWarranty, the ATS 2 may be returned to the factory for repair. Prior
to returning any equipment, return authorization and shipping instructions must be obtained from
thefactory. The customer must pay all transportation costs plusthe standard time and materia rates
in effect at the time of repair.
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SEND QUIET TERM Menu

SEND QUIET TERM.

TERMINATION Use term unless monitoring an intact line
TERM BRIDGE

IMPEDANCE Set to match line (usually 600)
600ohms 9000hms

LINE Set to match line
4-WIRE 2-WIRE

AUTO SHUT OFF User preference
OFF ON

AUXILIARY FREQ. User preference
0050Hz
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SEND 1004Hz TONE Menu

Leased line: set level to 0 dBm. Dial-up:
SEND 1004Hz TONE set level to match modem TX level (-9dBm
-00.0dBm 1004Hz with RJ11C jack).

IMPEDANCE Set to match line (usually 600)
600ohms 9000hms

LINE Set to match line
4-WIRE 2-WIRE

AUTO SHUT OFF User preference
OFF ON

AUXILIARY FREQ. User preference
0050Hz
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SEND VAR FREQ Menu

Leased line: set level to 0 dBm. Dial-up: set
SEND VAR FREQ level to match modem TX level (-9dBm
-00.0dBm 0050Hz with RJ11C jack). Set frequency as desired.

SF SKIP ON
OFF ON

IMPEDANCE Set to match line (usually 600)
600ohms 9000hms

LINE Set to match line
4-WIRE 2-WIRE

AUTO SHUT OFF User preference
OFF ON

AUXILIARY FREQ. User preference
0050Hz
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SEND P/AR SIGNAL Menu

Leased line: set level 0dBm. Dial-up: set
SEND P/AR SIGNAL level to match modem TX level (-9dBm
-00.0dBm with RJ11C jack).

IMPEDANCE Set to match line (usually 600)
600ohms 9000hms

LINE Set to match line
4-WIRE 2-WIRE

AUTO SHUT OFF User preference
OFF ON

AUXILIARY FREQ. User preference
0050Hz
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SEND SLOPE Menu

Leased line: set level to 0 dBm. Dial-up: set
SEND SLOPE level to match modem TX level (-9dBm
-00.0dBm 1004Hz with RJ11C jack). Frequency controlled by
ATS.
IMPEDANCE
600ohms 9000hms Set to match line (usually 600)
LINE
4-WIRE 2-WIRE Set to match line
AUTO SHUT OFF
OFF ON User preference
AUXILIARY FREQ.
0050Hz User preference
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SEND AUTO STEP Menu

Leased line: set level to 0 dBm. Dial-up: set

SEND AUTO STEP level to match modem TX level (-9dBm

-00.0dBm 0050Hz with RJ11C jack). Frequency controlled by
ATS

SF SKIP

OFF ON ON

START FREQUENCY

0050Hz 3002 and dial-up: 0304 Hz

Short-haul: 0050 Hz

END FREQUENCY
0050Hz 3002 and dial-up: 3304 HZ

Short-haul: 5000 Hz

STEP SIZE
0O050Hz 3002 and dial-up: 0300 Hz
Short- haul: 0450 Hz

STEP DWELL TIME
10 SEC. MANUAL 10 SEC.

IMPEDANCE

6000hms 900o0hms Set to match line (usually 600)

LINE _
4-WIRE 2-WIRE Set to match line

AUTO SHUT OFF
OFE ON User preference

AUXILIARY FREQ.
0O050Hz User preference
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MANUAL DIAL Menu

MANUAL DIAL Displays phone number on second line

DTMF = touch-tone dial
DIAL METHOD Use PULSE (rotary) when in doubt
PULSE DTMF

IMPEDANCE 6000hms
600ohms 900ohms

LINE 2-WIRE
4-WIRE 2-WIRE

AUTO SHUT OFF User preference
OFF ON

AUXILIARY FREQ. User preference
0050Hz
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AUTODIAL BIN #0

ENTER BIN #0

ENTER BIN #9

DIAL METHOD
PULSE DTMF

IMPEDANCE
600ohms 900ohms

LINE
4-WIRE 2-WIRE

AUTO SHUT OFF
OFF ON

AUXILIARY FREQ.
0050Hz

AUTODIAL Menu

A-8

Keyindesired bin#. Lower line displays
number stored in bin

Key in desired phone number

Key in desired phone number

DTMF = touch-tone did

Use PUL SE (rotary) when in doubt

600o0hms

2-WIRE

User preference

User preference



LEVEL / FREQUENCY Menu

LEVEL/FREQUENCY Displays measured level and frequency
-00.0dBm  1004Hz
Normally OFF
DISPLAY DAMPING ON to slow down display
OFF ON
TERMINATION TERM
TERM BRIDGE
IMPEDANCE Set to match line (usually 600)
600ohms 900o0hms
LINE Set to match line
4-WIRE 2-WIRE
AUTO SHUT OFF User preference
OFF ON
AUXILIARY FREQ. User preference
0050Hz
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NOISE Menu

Displays current filter and noise level.
NOISE C-NOT Displays “TONE” if 1004 Hz holding tone s
50dBrn TONE received and C-NOT filter is used.
FILTER C-MSG for C-message noise
3kHz C-MSG C-NOT
Normally OFF
DISPLAY DAMPING ON to slow down display
OFF ON
TERMINATION TERM
TERM BRIDGE
IMPEDANCE Set to match line (usually 600)
600o0hms 9000hms
LINE Set to match line
4-WIRE 2-WIRE
AUTO SHUT OFF User preference
OFF ON
AUXILIARY FREQ. User preference
0050Hz
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SIGNAL TO NOISE Menu

Displays S/N ratio
SIGNAL TO NOISE TONE must be displayed for reading to be
24dB TONE vaid

DISPLAY DAMPING Normally OFF
OFF ON ON to slow down display

TERMINATION
TERM BRIDGE TERM

IMPEDANCE
600ohms 9000hms Set to match line (usually 600)

LINE
4-WIRE 2-WIRE Set to match line

AUTO SHUT OFF
OFF ON User preference

AUXILIARY FREQ.
0050Hz User preference
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P/AR Menu

P/AR Displays receive level and P/AR units
-00.0dBm 100 UNITS

TERMINATION TERM
TERM BRIDGE

IMPEDANCE Set to match line (usually 600)
600ohms 9000hms

LINE Set to match line
4-WIRE 2-WIRE

AUTO SHUT OFF User preference
OFF ON

AUXILIARY FREQ. User preference
0050Hz
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IMPULSE Menu

Displays filter, impulse count, and time
IMPUSE C-NOT (hours: minutes). Colon flasheswhile test in
0000 00:00 TONE progress. TONE displays with C-NOT
filter.

TONE LOST CNTR Displayed with C-NOT filter only... Displays
0000 number of times tone was |ost.

THRESHOLD 1st run=receive level + 84
2nd run= first value + 4
070dBm 3rd run= second value + 4

COUNT PERIOD
15 MIN. CONT. 15 MIN.

FILTER C-NOT
3kHz C-MSG C-NOT

TERMINATION TERM
TERM BRIDGE

IMPEDANCE

6000hms 900o0hms Set to match line (usually 600)

LINE _
4-WIRE 2-WIRE Set to match line

AUTO SHUT OFF
OFF ON User preference

AUXILIARY FREQ.
0O050Hz User preference
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Working with Decibels

The decibel, or “dB”, is a unit of measure of signa power commonly used in the
telecommunications world. It is quite different from other more familiar measurements of power
such as watts and horsepower.

Unlike the watt, which is an “absolute” unit of measure, the decibel is a“relative’ unit of
measure. Thismeansthat decibelsmust always be expressed asarelationship. Whereit isperfectly
fineto refer to asigna leve of “10 watts’, it is meaningless to refer to asignal level of “10 dB”.
It is meaningful, however, to say that one signal level is 10 dB above another.

Every 10 dB represents afactor of 10, and every 3 dB representsafactor of 2. Thusasigna
that is3 dB below another isactually one-half asstrong. A signal-to-noiseratio of 10 dB meansthat
the signal level is 10 times greater than the noise level.

Decibels can be used as an absolute measurement if they are related to a known standard.
In telecommunications, it iscommon to relate decibelsto astandard value of 1 milliwatt. Decibels
referenced to the milliwatt standard are abbreviated “dBm”. To refer to asignal level as-3dBm s
therefore meaningful: the signal level is 3 dB below one milliwatt, or one-half of a milliwatt. A
signal level of -10dBm is equal to one-tenth of a milliwatt and asignal level of 0 dBmisequal to
1 milliwatt. The dBm has become the standard unit of measure for telephone signal levels.

Noise measurements, however, arerel ated to the nanowatt and areabbreviated “dBrn”. DBrn
can be converted to dBm by subtracting 90, just asdBm can be converted to dBrn by adding 90. For
example, -30 dBm is equal to 60 dBrn. 74 dBrn would be equal to -16 dBm. In telephone line
testing you will find that most dBm readings are negative numbers (or zero) and most dBrn readings
are positive.

When a noise measurement is made using a C-message or C-notch filter (see Appendix A-
19), a“c” isadded tothe“dBrn”. Thusanoisereading of 55 dBrnc signifiesalevel of 55 dBrn (-35
dBm) measured with a C-MSG or C-NOT filter.

The ATS 2 automatically displays its measurements in the correct format (dB, dBm, dBrn,

dBrnc) according to the operation being performed. An additional display of “dBrel” will be used
if the <REL> key is pressed while measuring SIGNAL TO NOISE ratio.
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Phone-Line Connections

The ATS 2 is connected to a phone line using a cable with a modular plug on one end and
4 alligator clips on the other. The modular plug is inserted into the RJ11C jack at the top of the
ATS 2; the aligator clips are connected to the line.

The ATS 2 is connected to the phone line at the same location as the modem or telephone
that will normally use the line. This location is referred to as the “d-marc’. The d-marc itself is
usually asmall plastic box about 2 inches square with acover held on by asingle screw. To connect
the ATS 2 to this box, remove the screw and the cover to expose four or more terminal screws
inside. If the cover of thebox ismarked “TX” and “RX”, make sure you note the positions of these
markings before removing it.

A 4-wire dedicated line will have four terminal screws, two for the transmit side of the line
andtwo for thereceive. If thetransmit (TX) and receive (RX) pairsare marked, connect thered and
green clip leads to the transmit pair and the yellow and black leads to the receive pair. If they are
unmarked, match the color of the clips to the color of the wires underneath the screw terminals.
Sincered and green are usually transmit and yellow and black are usually receive, thiswill generally
be correct. (If not, the connections can be reversed internally to the ATS 2 simply by pressing the
“REV” key at the top of the test set).

To connect to a2-wire dedicated line, ssimply locate the two terminal screwsthat havewires
connected underneath them and connect the red alligator clips to one and the green to the other.

To connect to adia-up line, you must locate thetwo wiresthat carry the datasignal (tip and
ring). Usually these wireswill be solid red and solid green. Find the terminal screwsthat thewires
connect to and clip the red and green alligator clips to them.

For leased lines, acircuit number and atelephone number will usually be attached on or near
thed-marc. Thetelephone number isthe number to call and report linetroubles. The circuit number
should bereferred to in all correspondence with the telephone company. Both numbers should be
entered on the Line Analysis Chart.
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Line Conditioning and Telco Specs

Y our telephone company has standards of acceptability for every dial-up line and 3002 line
that leaves its facilities. Communications equipment such as modems and telephones also have
minimum requirements for telephone line performance. Aslong as each phoneline performsup to
standard and as long as these standards meet the minimum requirements of the communications
equipment connected to the line, voice and data transmission will be acceptable.

Sometimes, however, a phone line may fall below telco standards (aso known as
specifications, or “specs’) and cause problems for the communications equipment. Usually thisis
caused by some component of the line which has gone defective. In these cases the line can be
repaired and brought back up to specs. In other cases, though, the problem may not be due to a
defective component, but rather to factors beyond the control of the telephone company. In these
cases, theonly solutionisto put “conditioning” ontheline. Conditioningisalso called for whenthe
communications equipment connected to the line requires better performance than can be provided
by a basic telephone channel.

In conditioning, the telephone company adds circuitry to the phone line to cause it to meet
specifications which are tighter than those of the basic channel. Many of these new specifications
are subject to FCC or local “tariffs’ requiring that the phone company insure that they are met.
Although conditioning allows faster and more accurate data transmission, it isfairly expensive and
thus seldom used. Note aso that conditioning is not done on dial-up lines.

There are two basic types of conditioning. “C” conditioning is used to reduce attenuation
distortion and phase non-linearities (see Sections 3.9 and 3.13). “D” conditioning is used to reduce
harmonic distortion (see Section 3.11). For each type of conditioning, there are varying levels of
performance aswell. Asthistime, C-conditioning is availablein levels C1 through C5, while D-
conditioning isavailablein levels D1 and D2.

Thefollowing pageslist the specificationsfor basic (unconditioned) 3002 linesaswell asC-
and D-conditioned lines. Note also that the Line Analysis charts and transparent overlays provided
with each ATS 2 can be used to verify compliance with specifications for basic and C-conditioned
lines (see Section 3.9).
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Channel
Conditioning

Basic

Cl

C2

C3 (access line)

C3 (trunk)

C4

C5

* These specifications are tariffed

Attenuation Distortion Limits

Frequency
Range (Hz)

500-2500
300-3000

*1000-2400
* 300-2700
300-3000

* 500-2800
* 300-3000

* 500-2800
* 300-3000

* 500-2800
* 300-3000

* 500-3000
* 300-3200

* 500-2800
* 300-3000

T Relative to 1004 Hz receive signal level

A-17

Variationt
(dB)

+2t0-8
+3t0-12

+1to0-3
+2t0-6
+3t0-12

+1to0-3
+2t0-6

+0.5t0-1.5
+0.8t0-3

+0.5t0-1
+0.8to0 -2

+2t0-3
+2t0-6

+0.5t0-1.5
+1to-3



N

>

Limits for Other Impairments

1004 Hz loss variation:

no more than £4 dB long term (12 dB to 20 dB)
and no more than +3 dB short term

C-message noise (without tone):

Facility miles

0-50
51-100
101-400
401-1000
1001-1500
1501-2500
2501-4000
4001-8000
8001-16000

Signal-to-noise ratio:

Maximum receive noise level

28 dBrnc
31 dBrnc
34 dBrnc
38 dBrnc
40 dBrnc
42 dBrnc
44 dBrnc
47 dBrnc
50 dBrnc

24 dB minimum
(28 dB minimum for D1 and D2 conditioned lines)

Impulse noise:
Threshold with Maximum counts above
respect to 1004 threshold alowed in
Hz receive level 15 minutes
-6 dB 15
-2dB 9
+2 dB 5
Frequency shift: +5 Hz maximum
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Filters

In making meaningful noise measurements on atransmission channel, it is helpful to use a
test set whose frequency response characteristics match those of the communications equipment
whichwill normally be connected to theline. For example, if amodem respondsonly to frequencies
between 300 and 3000 Hz, a test set which measures noise levels at 10,000 Hz and higher may
provide misleading results, since it can potentially measure noise at frequencies that the modem
ignores. The frequency response characteristics of a test set can be changed through the use of
“filters’. A filter isan electronic circuit that limits bandwidth and that weighs certain frequencies
more heavily than others.

The ATS 2 allows the operator to choose from three types of filters: the 3kHz (flat), the C-
MSG (C-message) and the C-NOT (C-notch). Asitsnameimplies, the 3 kHz flat filter provides a
flat frequency response up to approximately 3 kilohertz. The C-message filter was developed to
simulate the frequency response of telephone handsets, and continues to be the standard used by
telephone companiesfor both voice and data. The C-notch filter isthe same asthe C-messagefilter
with sharp attenuation added at around 1010 Hz. Thisfilters out the 1004 Hz test tone and is useful
in measuring noise-with-tone and signal-to-noise ratio.
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LEVEL (dBm)

OrRr NWHMIO N

LINE ANALYSIS CHART

CIRCUIT #:

SERVICE #:

CONTACT:

DESCRIPTION:

304

604

904

1204

1504
1804
2104

FREQUENCY (Hz)

2404

2704

3004

3304

CONFIGURATION:

DATE: TIME:
RECEIVE 1004 Hz LEVEL: dBm
FREQUENCY: Hz
INSERTION LOSS: dB
ATTENUATION DISTORTION:
C-MESSAGE NOISE = dBrnc
S /N RATIO =
1 2 3
IMPULSE: Counts
per Minutes
at dBrn
TONE LOST: Counts
P/ AR= units
NOTES:
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Y it 11
B KEY o 11
BKHzZ 18, A-19
829 channdl interface . ......... . 13,28,30,32,33,35,42
1004 HZIONE ..ot 3,5,21,32-35,38,39-41,A-17,A-18
2713 HZIONE ..o 4,13,33,42
2T B Y ot 4,13,33,42
3002 1iME ottt 21,A-16
A
A KBy o 11
AB S KEY . 13
AC CONLINUITY ..ot e e e e e e e 32-33
alligator CliPS . ..o 2,15A-15
ATOW KBS . 11,12,19,23-24
attenuation distortion ... ... 34-36,40,A-16,A-17
AUTO SHUT-OFF .. e 16,23,A-1--A-13
AUT O AL .t 4,17,A-8
AUEOAIAlING . ..o e 4,17
AUX KBY o e 4,13,17
AUXILIARY FREQ ... o e e e 4,13,17,A-1--A-13
B
B Y o 11
Dantam JaCKS . .. e 2,15
battery eliminator/charger (PS-4) .. ..o 2,45
BATTERY LOW e e e e 45
DINS 4,17,A-8



Index (continued)

C
KOy 11
C-M S 18,37,A-10,A-14,A-19
C-NOT 18,39,A-13,A-14,A-19
cableassembly, modular .. ......... . 2,15A-15
channel interfaceunit ........ ... ... .. . . 13,28,30,32-34,41,42
Circuit number . ... . 25,41,A-15,A-20--A-22
CONAItIONING . ..ottt 34,38,A-16--A-18
CONLINUILY, AC .ttt 32-34
CONINUILY, DC . . e 42-44
COUNT PERIOD ... e e e e e e 18,39,A-13
CoUPING, DO . 42-44

D
D KEY o 11
- . A-15
OB 5A-14
OB Tl . A-14
OB 5,19,A-14
OBIN 5,18,A-14
OBINC . 5A-14
DC continuity (COUPIING) . ..ot e e 42-44
DIALMETHOD ... e e e e 17,31,A-7,A-8
Aialing ..o 4,12,17,31-32
DISPLAY DAMPING ... e e 18,23-24,A-9--A-11
Awell time .. 4,17,35-36,44,A-6

E
END FREQUENCY ... e e e 4,17,35,43,A-6
ENTER BIN 3 L 17,A-8
ENTERKEY . ... e 4,12,17,18,19,33,35,36,39,42,43,44



Index (continued)

F
FILTER . e 18,37,39,A-10,A-13,A-14,A-19
fiXed 10SS100P CONNECLION . . . ..o e e 32
FREQ KEY .. 13,19
frequency resPONSELEStiNG ... ..ottt 34-36
frequency Shift . ... . 32-33,A-18
fUll-dUPlEX TESEING . . . oo ot 27
H
half-duplex testing ... ..o 27
hardwireloopback . .. ... .. 28,29,42
harmonic distortion ... ... . 38,A-16
HOLD KeY ..o e e e e 14,32,46
holding CUrTeNnt . ... e 14
holdingtone . ...... ... (see 1004 Hz tone)
Hz (HEtZ) .. e e e 19
I
IMPEDANCE . .. 16,20,23,A-1--A-13
IMPULSE .. 5,18,39-40,A-13
L
LEVEL/FREQUENCY .. ... e 5,23-24,32,42,44,A-9
LEV L KeY o 13,19,32,44
LINE o 16,23,A-1--A-13
LineAnalysisChart .......... ... it 25,34,A-15A-16,A-20--A22
[0A0ING . .o 42-44



Index (continued)

M
MANUAL DAL . e e 4,31-32,A-7
MEA S KEY . . 5,12,15,19
MENUS . .ttt t ettt e e et e e 11,15,A-1--A--13
MICIOPNONE . . .o e 1,14,27,31
MON TX KEY . e 14
N
NOISE .. 5,37,A-10
notch filter (seeaso C-NOT) ... ..o e 7,18,A-19
@)
Off-N00K . . . 14,32
output level . ... . (seetransmit level)
overlays (transparent) . ...........iui it 2,34,36,A-16,A-22
OVERRANGE . .. e 24,33,36,37,40
P
PIAR (Measure Mode) . ... ...ttt e 5,40A-12
PIAR SIgNal ... e 3
PErMISSIVE CONNECTION . . . ottt ettt e e et e e e e ettt e 32
Phase NON-IINEANLY .. ... . o e 40,A-16
programmable CONNECLION . . .. ... .ot et 32
PS-4 battery eliminator/charger .......... . 2,45
pulsedial . ... 17,31,A-7,A-8
P R KB .o 14,16,23,41



Index (continued)

R
Reference guide . ... 2,21
REL KOy .o 13,34
REV Ky . 14,25,43,A-15
RILIC jaCk ..o 2,11,15,32,A-2--A-6,A-15
rotary didl ... 17,31,A-7,A-8
S
SELF TEST .o 14,27,45,46
SEND 1004HZ TONE .. ... e 3,27-28,32,38-40,43,A-2
SEND 2713HzZ TONE . .. e e e e e e e 4
SEND AUTO STEP ... e 4,16,17,35,43,A-6
SEND AUX. TONE .. o e e 4
SEND KeY .t 3,4,12,15,19
send level .. (seetransmit level)
SEND PIAR SIGNAL ... e e 341,A-4
SEND QUIET TERM ... e 3,24,27,31,37,41,A-1
SEND SLOPE .. 3,13,A-5
SEND VARFREQ ... e e e 3,16,19,A-3
SFE SKIP 16,35,43,A-3,A-6
SIGN KBy .. 13,19,32
SIGNAL TONOISE . ... e 5,38,A-11,A-14
SINTAO .. (see SIGNAL TO NOISE)
PR .o 1,14,21,24,27
START FREQUENCY ... e 4,16,35,43,A-6
START KEY o 13,35,40,44
STEPDWELL TIME ... e 4,17,35-36,44,A-6
STEP KEY . .o 13,17
STEP SIZE .. 4,17,35,43,A-6
STOP KEY .ot 13,18,40



Index (continued)

T
TALK KBy o 14,27,32,39
TS 40,42,A-16,A-17
TERMINATION .. s 16,20,23,41,A-1,A-9--A-13
THRESHOLD . ... e e 18,39,40,-A-13
P ANA MING .o A-15
TONE . 5,38,40,A-10,A-11,A-13
TONE LOST COUNMEY ..ttt e e e e e e e e 5,40,A-13
TOUCH-tONE .. . 17,31,A-7,A-8
transmit level ... ... 3-4,13,19,32,42
tranSMIt freqUENCY . .. oo oo 3-4,13,19-20
transparent overlays ... 2,34,36,A-16,A-22
UNDERRANGE . ... e 24,34,36,37,41,43,44
V
VO KBYS ot 14,24
W
Western Electric 829 . ... 13,28,30,32,33,35,41,42
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