SOUTHWESTERN BELL TELEPHONE PRACTICE
SWBT Standard

1.01

1.02

SECTION TELC 365-407-862SW
Issue A, May 1989

DIGITAL FIBER-OPTIC TRANSMISSION SYSTEM
FOX-2 T-HUB
THEORY OF OPERATION

GENERAL

This section is a cover sheet for the Telco Systems Fiber Optics Corporation
Digital Fiber-Optic Transmission System FOX-2 T-HUB Theory of Operation. This
section is reproduced with permission of Telco Systems Fiber Optics
Corporation and is the equivalent of Telco practice 832-100-002, Issue 1.

Whenever this section is reissued the reason(s) for reissue will be listed in

this paragraph.

]
1=
o3
0]
a3
1
(@]
"o
[nd
=
[o]
]
]
w
=]
n
=]
[+
1]
0
I
[}
=]
w
<
w
ot
o
3

. :
If equipment design and/or manufacturing problems should occur, refer to
Section SW 010-522-906 for procedures on filing an Engineering complaint.

2.01 For information concerning equipment and parts availability contact Telco
Systems, Order Administration Department, In Norwood, Massachusetts, at:
1-800-44-SALES
1-617-551-0300
2.02 To order additional copies of this practice, use TELC 365-407-8625W as the
section number.
REPAIR/RETURN
3.01 For defective modules and assemblies contact the Repair and Return Department

at the following number:

8:00 a.m. -~ 5:00 p.m. (617) 551-0300 - Ext. 2778

PROPRIETARY

thwestern Bell

Not for use or disclosure outside Sou
itten agreement.

Telephone Company except under wr

1e1ellONe QIR all KACED



TELC 365-407-862SW

Attachment: Telco Systems Fiber Optics Corporation
Digital Fiber-Optic Transmission System
FOX-2 T-HUB
Theory of Operation

Page 2
2 Pages



TELCO SYSTEMS FIBER OPTICS CORPORATION SECTION 832-100-002
Norwood, Massachusetts 02062 Issue 1, July 1988
DIGITAL FIBER-OPTIC TRANSMISSION SYSTEM
FO0X-2 T-HUB
THEORY OF OPERATION

CONTENTS PAGE
1. SCOPE....cceeesocscsascssnscoss 2-1
2. FUNCTIONAL DESCRIPTION......... 2-1
A, Operational Descriptiom.... 2-1
B. Mechanical Detail.......... 2-3
C. Equipment Interfaces....... 2-3
D. Block Diagram.......seesse0 2-5
E. Equipment Protection....... 2-8
3. FUSE AND ALARM PANEL
DESCRIPTIONS .. vveeeeencasssssss 2-11
4, SPECIAL TEST EQUIPMENT......... 2-14 Figure 2-1. FOX-2 T-HUB
A. Maintenance Interface Card. 2-14
B. Manual Control Interface 1. SCOPE
Card....eeeeeeeceesacssesnss 2-17
1.01 This section presents a func-
5. DETAILED CIRCUIT CARD tional description of the F0X-2
DESCRIPTIONS . veveevencesnneses 220 T-HUB DS-2 Fiber-Optic Transmission
System (see Figure 2-1). Detailed
Subsection 832-100-002A descriptions of the operation of indi-

T1/T1C Low-Speed Interface Card

Subsection 832-100-002B
Line Terminating Unit Card
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Subsection 832-100-002D
Wire-Line Entrance Link Card

Subsection 832-100-002E
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Remote Alarm Card—Ii

Subsection 832-100-002G
Power Supply Module

Subsection 832-100-002H
Optional MPU-II Card

vidual circuit cards have also been
included as a series of subsections

at the end of this practice. These
circuit card descriptions highlight
the interrelaticnship of FOX-2 T-HUB
hardware components and snbeysrems to
a block diagram level. is section

also contains operational descriptions
of related accessories, such as the
ACX025 Fuse and Alarm Panel.

1.02 Whenever this section is
reissued, the reason for reissue

will be listed in this paragraph.

2. FUNCTIONAL DESCRIPTION

A. Operational Description

2.01 The FOX-2 T-HUB is a rack mount-
able unit. The unit is capable

of distributing up to 28 Tl or 14 TIC



channels (or combinations thereof, up
to an equivalent of 28 Tls) from a
central office location, via individual
DS-2 single-mode optical spans, to up
to seven F0X-2/FO0X-2R units equipped

at remote office locations. The FOX-2
T-HUB unit, with the front panel removed
to show the circuit card layout; is

illustrated in Figure 2-2.
of two interconnected 828A multiplexer
units, the FOX-2 T-HUB can be conveni-
ently reconfigured into a pair of inde-
pendent MX-3 multiplexers to address

PO i, 1 - e e

changing network regquirements.

2.02 Each shelf unit is responsible
for T1/T1C or optical DS-2
transmission interface. T1 and T1C

Low-Speed Interface cards, mounted on
the upper shelf unit, provide T1/T1C
b1p01ar line 1ntertace and time divi-

unit contains individual LTU (Li ne
Terminating Unit) circuit cards which
optically code each DS-2 channel for

optical span transmission to remote
FOX-2/FOX-2R sites.

2.03 All high—speed and optical span
transmission circuitry can be
1:1 protected by optional redundant
circuit cards. Internal to each Low-
Speed Interface card, redundant M12

MULDEM (DS-1 to DS-2 Multiplexer/
Demultiplexer) circuitry ensures
uninterrupted operation of critical
components.

leivid'ual £iL v (ML\-LVFLU\-CDDUL
Unit) cards monitor the operation
of all circuit cards which comprise

each shelf unit. In the presence of
an equipment fault, each MPU illumi-
nates fault and status LEDs on the sus-
pected faulty card; initiates automatic

2 a L 2 Ae cmmmmbmndd aem adamacsd boemere
Switcning o procecCuidn Circéuilry, aina
reports all pertinent information to
remote alarm reporting systems, such

nications Remote Alarm and Control)
master terminal.
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B. Mechanical Description
2.05 The FOX-2 T-HUB, measuring
approximately 12-inches high

r'?

~VvRLTS;

cable and power terminal harness allow
multiple FOX-2 T-HUB or 828A/828AF
unit(s) to be interconnected to a
common Fuse and Alarm Panel cen-

"’1!

2.06 To facilitate fiber management
and to promote improved heat
dissipation, a combination fiber trough

and air baffie unit is required for ail
applications. This fiber trough/air

baffle accessory mounts directly below
each FOX-2 T-HUB. It is approximately
1.5 standard rack spaces high, allowing

up to four FOX-2 T-HUB units to be
mounted in a standard 7-foot equipment
rack along with a Fuse and Alarm Panel.

2.07 Figure 2-3 is a pictorial repre-
sentation of the power, alarm,

T1/T1C electrical, and DS-2 optical

interfaces of the FO0X-2 T-HUB unit.

Y ~ o -_ L T e manm D [ Py ey ey

4.0 nac 1O0wW—8peea i1ncerriace can
accommodate elther four Tl or

two T1C channels. T1/T1C electrical

mounted wire-wrap pins on the upper

shelf unit. In the lower shelf unit,
an LTU card associated with each Low-
face card multiplexes and
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interconnects with fiber—optic termi—
nation equipment, using optical pig-
tails or patch cords interconnected to
FC-type transmit and receive optical

connectors mounted on each LTU card.
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2.09 Terminal block TB-1 on each FOX-2
T-HUB shelf unit provides inde-

pendent isolated -48 Vdc primary power

feeds to PS-A and PS-

Py aiilvs

2.10 External alarm interface is
accomplished via a rear-mounted
-pin rlooon connector, which cables
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the panel, and simultaneous relay
contact closure for remote alarm
hardware notification. On the ACX025

be silenced using the ACO (Alarm
Cutoff) switch on each Control MPU.
ACO control of the visual contacts is
selective by customer optioning.

2.11 TELTRAC interface is accomplished
through connectors on the Fuse

and Alarm Panel. This serial telemetry
channel can be directly connected from
the Fuse and Alarm Panel to a local

TELTRAC master terminal station within

AT armTaay 22 TL 18T

vendor—defined DS-3 X-bit of other
Telco Systems transmission equipment.
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tact closure for remote alarm report-
ing or control functions. A 34-pin
ribbon connector jack J7 located on
the rear of the upper shelf unit is
used to access these control relay

contact closures.
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D. Block Diagram

2.13 A block diagram of the FOX-2 T-HUB
is shown in Figure 2-4. Signal

L£N mve £ TnTanls 2. A2
1L4iA0W IVl calli DLIVUCK 1y ULSLUHBCU as lb
relateg to gystem operation.

2.14 The FOX-2 T-HUB accepts up to 28
DS-1 or 14 DS-1C channels (or

combinations thereof, up to an equiv-

alent of 28 DS-1 channels). T1/T1C

input circuitry (CCA161G2 only) con-
verts the bipolar AMI (Alternate Mark
Inversion) or B8ZS (Bipolar with Eight-
Zero Substitution) line coding of each

incoming channel into unipolar data and
timing streams for processing. The M1C
MULDEM circuit within the T1C Low-Speed
h TI1C

nent

2.15 Since the timing rate of indi-
vidual Tl channels can vary,
timing synchronization is required

EL

'!

- - h nd

Bit-stuffing technology wi
Switc a ic St
s emp
iming o 18
data channel to the mast
determined by the HS COM (High—Speed

Common) card.

2.16 Within the M12 MULDEM circuit,
manlh swmaceen AL Lamaeem MY Al asmernal -
calik BiuUup VviI 1Vvul 11 utuaaluicas

is bit-interleaved into a singl

-3
6.312 Mb/s DS-2 data channel. This
aggregate channel also contains an
embedded overhead data channel which is
introduced into the DS-2 channel to

facilitate far-end demultiplexing.

When received by receive circuitry of
the far-end LcwaSpeed Interface card,
this overhead channel 11 be extracted

tion and stuffing bit deletion by the
demultiplexing circuits of the far-end
FOX-2/F0X-2R unit(s).

” 1 - ~r__ a = aSE e T oo D32 Tl f el e &
LZ.17 Up tTO 8Seven LOw-opeead 1lnterrace
cards perform identical multi-

2-5

plexing functions on their respective
Tl channel groups to collectively
generate seven DS-2 channels. These

channels are coupled to the HS COM and
LITEY 7178 ean T e Pumbwmasman T dale nawds
WLLL \WlltE~-L1It LIILL 1LE LI1ilK) Laidu
for DS-3 multiplexing and B3ZS line
coding, respectively. These high-

speed interface cards are required to
interconnect the upper and lower shelf
units together, using a single pair of
coaxiai cables If future network

interleaving and B3ZS line coding
to transmit and receive an industry-
standard DS-3 (44.736 Mb/s) data
stream, via coaxial cable to/from
other transmission equipment.
ce:ds in th
lower shelf unit cept the DS 3
composite channel of the upper shelf
unit, and B3ZS line decodes and demul-
tiplexes the channel into its seven

constituent DS-2 channels. Each DS-2
Aalhamemnal 2o amnl1lad #A $+a0 caaanndiataAd
Lilalllicl 1> 4appylicu LU 1LD aooviiailcu
LTU card which converts the DS-2 elec-

equivalent intensity—modulated single-
mode optical carrier, via a single-mode
LED transmitter.

2.19 To provide the required data tran-
sition activity to ensure proper
far-end clock recovery, each DS-2 chan-

nel is encoded as a 12, 624 Mb/s data
stream, using 3B6B line coding prior to
optical transmission. Within this data
channel, an embedded overhead channel
allows remote TELTRAC information and

r

alarm status to be received from remote
TNAY_2/PNY_2D 1mni+e
EVAT LI S VAT LN WUild LD e

2.20 FC-type optical connectors,
mounted on the LTU card, provide
the interface to fiber-optic termination

Optical pigtails or patch cords are
utilized to interconnect the FO0X-Z T-HUB
with fiber-optic termination egquipment.



2.21 1In the receive direction, incom-
ing DS-2 optical transmission
from far-end FOX—Z/FOX—ZR units is

in the lower shelf unit couple a
composite DS-3 data channel to the

IU!:MD
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]

2.22 Within the Low-Speed Interface
card, M12 MULDEM circuitry demul-
tiplexes the DS-2 channel into four T1
1 1 SWEL circuits delete
I

[

to minimize inherent phase jitter.
Within the T1C Low-Speed Interface
card, an M1C MULDEM circuit multiplexes

T1 channel pairs into TiC data channels.
D2 nat o T2an nadlaa~ ~sccbovesd mbaman o E S
bipoiar 1€ Ccoair OULPpUTl St&ages wilil
the Tl and T1C Low-Speed Interface
cards (CCA161G2 only) provide AMI or

B8ZS bipolar line coding for transmis-
sion via metallic facilities.
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Figure 2-4. FO0X-2 T-HUB Block Diagram



E. Equipment Protection

2.23 The basic FOX-2 T-HUB is

designed to operate either
unprotected, or with integrated 1:1
protection by the addition of
redundant cards.

2.24 All FOX-2 T-HUB configurations

are equipped with redundant
load-sharing power supplies. Each
power supply can be fed from an inde-
pendent primary power source for
primary power protection. In the
event of power supply failure, output
switching diodes within the failed
supply block the dc return to ground
of secondary voltages from the opera-
tional power supply.

2.25 Internal transmission equipment
protection and DS-2 optical

span protection from the FOX-2 T-HUB

to remote FOX-2/FO0X-2R units is illus-

trated in Figure 2-5. The following

unit-level operational description

pertains to this illustration.

2.26 T1 and T1C Low-Speed Interface
cards contain internal M12
MULDEM circuitry protection. DS-1
data from input SWEL circuitry is
applied simultaneously to both Ml12
MULDEMs. DS-2 switching circuitry
within the MULDEMs routes DS-2 data
to the HS COM card stages. A bridge
slot adjacent to each Low-Speed Inter-
face card allows a defective card to
be replaced and tested with minimal

2-8
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service interruption, utilizing the
Maintenance Interface card.

2.27 When both the FOX-2 T-HUB and
remote FOX-2/F0X-2R units
are equipped with optional STBY
LTUs, each DS-2 optical extension
span can likewise be 1:1 protected.
To accomplish this protection, DS-2
data traffic from the on-line M12
MULDEM circuits of the corresponding
Low~-Speed Interface card is applied
redundantly to both the MAIN and STBY
LTU cards to generate identical DS-2
optical channels. At the far-end of
the DS-2 optical extension span,
FOX-2/F0X-2R MAIN and STBY LTU cards
process these optical channels into
identical DS-2 data and timing streams.
Switching circuits within the FO0X-2/
FOX-2R Low-Speed Interface card auto-
matically route either main or standby
DS-2 data to the on-line M12 MULDEM
circuitry under MPU control. The
off-line LTU routes its data to the
off-1ine M12 MULDEM circuit to pro-
vide continuous off-line performance
monitoring.

2.28 The high-speed interface between

the upper and lower FO0X-2 T-HUB
shelf units can be 1:1 protected with
the addition of STBY HS COM and WLEL
cards. High-speed protection switch-
ing between MAIN and STBY cards is
accomplished by the coordinated DS-2
routing within all Low-Speed Interface
cards in conjunction with DS-3 routing
performed by the WLEL cards.
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2.29

Fault monitoring and automatic
protection switching are the

responsibility of the Control MPUs,
which monitor various alarm points
within their respective shelf units
and perform the following functions:

o

Illuminate appropriate fault
and status indicators within
the equipment, except for the
Power Supply which controls
its own indicators.

Utilize lockout software to
localize a fault condition and
prevent sympathetic illumination
of fault LEDs on down-line cards.

Initiate and control automatic
switching of low-speed and high-
speed circuit cards from faulty
circuitry to redundant circuitry.

The upper shelf unit MPU moni-
tors the performance of incoming

SECTION 832-100-002

Tl and/or T1C channels and cal-
culates the T1/T1C BPV (Bipolar
Violation) rate for each low-
speed input. In the presence of
an excessive BPV error rate, the
MPU will illuminate an INPUT LED
on the associated Low-Speed
Interface card.

Provide MAJOR, MINOR, and BAY
fault external alarm hardware
notification via relay contact
closure. This provision allows
equipment external to the FOX-2
T-HUB bay to monitor equipment
alarm status and provide visual
and audible fault indications.

Optionally, communicate with
the TELTRAC system, which per-
forms comprehensive fault alarm
reporting and analysis of an
entire telecommunications net-
work from a central master
terminal location.



3. FUSE AND ALARM PANEL DESCRIPTIONS

3.01 The ACX025 Fuse and Alarm Panel
provides fused power distribu-

tion, alarm, and TELTRAC interface for

up to twelve rack-mounted Teleco Systems

products; including the FO0X-2 T-HUB.

A BAY FLT lamp indicator is provided

which illuminates when any fault in
the BAY exists.

3.02 A Relay card, used within the
AMSUNNE Tlaw o = -an o AT aseon Dasma
ALAVLOD TuSE aillu Alaru ralici,

rantaine ralave Tamn indicators nd

WALV LA L‘r‘-“’ﬂ’ ‘wllr Ll.\“\ou\rv‘ﬂ’ AAANA

protective fuses. If any of these

components fail, the card can be easily
replaced without disconnecting power.

protects the Fuse and Alarm Panel from
the power source; the other provides

FUSE lamp and relay protection.

3.04 A jumper on the Relay card allo
VISUAL alarm contacts to be ACO-
controlled in the same manner as the

AUDIBLE contacts, or to be operated

independent of ACO control.

r
interface for
up to six protected power feeds to
supply other rack-mounted Telco

See Figure 2-6 and TABLE A for the Systems products. A BAY FLT lamp
ACX025 Fuse and Alarm Panel (Relay indicator is provided which iiiumi-
Card) indicators and their functions. nates when any fault in the BAY
exists., Refer to TABLE B for ACX043
3.03 There are two protection fuses Fuse and Alarm Panel indicators and
on the Relay card. One fuse their functions.
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Figure 2-6. ACX025 Fuse and Alarm Panel
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TABLE A. ACX025 Fuse and Alarm Panel (Relay Card)

INDICATOR DESCRIPTION OF MONITORED POINT
REMOTE < INT FUSE ACO
/
EA b ¢ 1
S ——————) 74_17‘“ A m“@l O
FAAAAAAARTR I o et |
pauduguyudl | O=F0) [Hoole) J
/ \ CI1-806-AA
/ \
BAY FUSE
FUSE (red) Monitors the status of all the UNIT fuses at the front
of the Fuse and Alarm Panel.
BAY (red) Monitors all MAJOR and MINOR fault indications in all

REMOTE (yellow)

INT FUSE (red)
£ Tonbnonnanl Thiaal
\.LILLCLIIG.L ruocy

ACO (yellow)
(Alarm Cutoff)

r 1 J u
T-HUB units connected to the Fuse and Alarm Panel.

For other 828A or 828AF units mounted within the same
equipment bay, this indicator illuminates in conjunction

with BAY FLT lamp, by action of a RAC-II card, when
REMOTE BAY FLT option has been enabled on the Control
MPU in the 8284 or 828AF unit containing the RAC-II card
and a BAY alarm ig reported from the far-end.

However, the REMOTE alarm indicator has no practical
FOX-2 T-HUB application and should be ignored for FOX-2
T-HUB units.

Monitors the condition of the relay protection fuses
The FUSE lamp will alsoc illuminate in conjunction with
the illumination of the INT FUSE lamp.

Illuminates whenever the ACO switch on either Control MPU
is activated, or will momentarily illuminate when either
Control MPU card is reset.

N
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=
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IOR fault indications in the
2-13

This indicator can also illuminate in response to far-end

units connected to the Fuse and Alarm Panel.

alarm if Remote Bay Enable is active.

Monitors the status
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4. SPECIAL TEST EQUIPMENT

A. Maintenance Interface Card

4.01 The Maintenance Interfa card
(see Figure 2-8) is used to

replace faulted Tl and T1iC Low-Speed
cards, and permits testing of the Low-
Speed Interface card before restoring
Lhe card in service. The CHANNEL
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card is also used to replace a faulc
Control MPU card. A block diagram of
the Maintenance Interface card is
shown in Figure 2-9.
4.02 When the NORMAL/TEST switch is
set to the NORMAL position, the
receive circuits of the on-line MULDEM
~ircuit of the Low-Speed Interface

FAULT LED—

TEST LED

Srarees e

SECTION 832-100-002

card under test are bridged to on-line

traffic. 1In the TEST mode, the TX
and RX circuits of the on-line Mi2
MULDEM circuits of the off-iine lLow-
Speed Interface card are looped at
the DS-2 level. Front-mounted DS-1
est jacks, used in conjunction with

the CHANNEL SELECT switch, allow indi-
vidual DS-1 channels to be tested vis
external pS-1/-1C test equipment
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ct
t—d

’3‘ O 0

ce
al
terfa der
alled card is removed Jf
1s installed in the original siocot,
traffic automaticaily transfers back
to the new card.

4,03 The LEDs on the fromt of the

Maintenance Interface card and
their functiens are listed in TABLE C
The switches on the front of the

Maintenance Interface card and their
functions are listed in TABLE D.

MPU REPLACE SWITCH
(MPU REPLACE LED IS
ABOVE THE SWITCH)

— CHANNEL
SELECT

SWITCH

2-14
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Figure 2-9. Maintenance Interface Card Block Diagram
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E C. Maintenance Interface Card Indicators

DESCRIPTION OF MONITORED POINT

FAULT (red)

MPU REPLACE (red)

I1luminates when the Low-Speed Interface card plugged into
the Maintenance Interface card is carrying on-line traffic.

Illuminates when the Maintenance Interface card has a
failure.

Illuminates when the Maintenance Interface card is in the
iPU REPLACE mode.

TEST (yellow) Illuminates when the Maintenance Interface card is in the
TEST mode.
TABLE D. Maintenance Interface Card Switches
SWITCH DESCRIPTION OF MONITORED POINT
MPU REPLACE Set to ON when replacing either Control MPU card;

TEST/NORM
T1/T1C OUTPUT
LEVEL SELECT

otherwise, set to OFF.

Four-position slide switch that routes channels 1 through
4 on the Low-Speed card under test to the front-mounted

test jacks.
channel 1 to the test jacks (Tl and T1C). The channel 2
position connects low-speed channel 2 to the test jacks

(T1 and T1C). The channel 3 position connects low-speed
channel 3 to the test jacks (Tl only). The channel 4
position connects low-speed channel 4 to the test jacks
(T1 only).

Configures the test operation of the Maintenance Interface
card to allow the Low-Speed Interface card under test to
frame up on incoming bridged data (NORMAL), or to be loop-

PPENERPIEEEY

- -

Selects the proper voltage level for the Low-Speed Inter-
face output signal. From left to right: Position 1 is
3.0 Vdc, 0 to 100 feet; Position 2 is 4.2 Vdc, 101 to

350 feet; Position 3 is 6.0 Vdc, 351 to 655 feet; and

Position 4 is not used.
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B. Manual Control Interface Card

detailed operational status through
interrogation of the local FO0X-2 T-HUB
terminal. A block diagram of the
Manual Control Interface card is shown

n:A“..A "

11
in Figu 2-11.

ENTER BUTTON

BI-586-AA

Figure 2-10.

REMOTE'LO

LIQUID CRYSTAL DISPLAY —.

/f’///, N

DOWN PUSHBUTTON —\ "

Manual Control Interface

4.05 All DS-1, DS-1C, or DS-2 1lines
can be bidirectionally looped

either individually (see Figure 2-12)
at the DS-1 level or as a group at the
DS5-2 level. DS-2 loopbacks initiated
at the local terminal (see Figure 2-13)
loop the channel bidirectionally toward

the FOX-2/F0X-2R span and toward the
equipment, thereby enabling technicians
at the local terminal site and far-end
FO0X-2/FOX-2R site(s) to perform simul-

taneous BER (Bit Error Rate) testing
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MODULE CHANNEL COMMAND
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Figure 2-11.

Manual Control Interface Card Block Diagram
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SECTION 832-100-002

FOX-2 T-HUB FOX-2/2R

Ug

E":""'j

------ e H. - _
THT1C TUTIC =
LS INTER LTu LTu LS INTER
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0o o El 0 D E] D Ce l

—
B82.1225-AA » vodmmars of TAU TRON e
ERLATRS

LOCALLY
INITIATED
INDIVIDUAL
DS-1 LOOPBACK

@

Figure 2-12, FOX-2 T-HUB DS-1/1C Channel Loopback Testing
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Figure 2-13. FOX-2 T-HUB DS-2 Channel Testing
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DETAILED CIRCUIT CARD DESCRIPTIONS

5.

5.01 Subsections to the Theory of

Operation Section which detail

.

the operation of individual circuit
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