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PREFACE

This course is provided to acquaint Customer Engi-
neers with some of the important concepts of Com-~
mon Carrier equipment and facilities as used in
Teleprocessing environment. This course will also
provide the Customer Engineer with a permanent
reference for these facilities.

Address comments concerning the contents of this publication to:
IBM Corporation, Field Engineering Education, Dept. 911, Poughkeepsie, N. Y., 12602
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SECTION 1

TELEGRAPH

SESSION 1

TELEGRAPH SYSTEMS

Upon completing this session, you should be able to explain the principles, func-
tional units, and telegraphic circuits used within telegraph networks. You will
also become familiar with distortion in telegraph circuits and how distortion is
handled.

Highlights:

e Principles
Concepts
Speeds
o Transmission Methods
Wire
Radio Telegraph
o Functional Units
Polar Relays
225A
IBM Mercury-Wetted
WU 202
Junction Boxes
63C1, 2
IBM Line Terminator Box
Plugs
Line Arrestor Coils
Repeaters
Regenerative (mechanical)
Regenerative (electronic)
o Representative Type Equipment
RO - Receive Only Page Printer
KSR - Keyboard Sending and Receiving Unit
ROTR - Receive Only Typing Reperforator
PERF - Perforator
KTR -Keyboard Typing Reperforator
TD - Transmitter Distributor
RT - Reperforator Transmitter
ASR - Automatic Sending and Receiving Unit
e Basic Telegraph Circuit
Circuit Tapes
Line Currents
Line Voltages
o Telegraph Signal Distortion
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TELEGRAPH PRINCIPLES

Telegraph circuits have line speeds ranging from
approximately 45 to 756 BPS, and normally are at-
tached to terminals employing the asynchronous
mode of transmission. The major difference be-
tween telegraph transmission and all other methods
is the type of modulation used. Telegraph circuits
rely on direct current modulation. Direct current
modulation is particularly adaptable to low-speed,
low-quality lines. The basic telegraph circuit
consists of a dc power supply, send relay points,
and a receive relay coil. Refer to Figure 1-1.

| [=—="
I —t } |
: : Battery : I
| | Supply i |
I iijF——n i |
L___ L
Send Receive
Circuit Circuit

FIGURE 1-1. BASIC TELEGRAPH CIRCUIT

TRANSMISSION METHODS

There are two basic methods of telegraph trans-
mission:

1.  Straight wire

2. Radio telegraph

The first we will discuss is the straight wire
method (Figure 1-2). In this case, the telegraphic
data to be transmitted is converted to current - no
current and is imposed on a two-wire network. This
method is primarily used at the originating and ter-
minating ends of long distance data links.

Telegraph
Equipment

Telegraph
Equipment

FIGURE 1-2. STRAIGHT WIRE TELEGRAPH LINE

The second and most versatile method of tele-
graphic transmission is through the incorporation of
radio. This concept takes on many configurations,
the first of which is radio telegraph FSK (Figure 1-3).
This method employs a radio transmitter/receiver
that is frequency-keyed by incoming telegraphic
(current - no current) data. The receiving station
detects the frequency shift and generates telegraphic
(current - no current) output. Frequency shifts of

45 cps are common. A modification of this method
is the introduction of a coaxial line instead of the
radio link (Figure 1-4)

Radio telegraphic utilizing audio FSK (Figure 1-5)
is yet another method in use today. This concept
utilizes a fixed carrier radio transmitter and relies
on audio modulation (AFSK). The incoming tele-
graphic data at the transmitter is converted to tones
and is used to modulate the radio frequency carrier.
The receiving station converts the incoming AFSK
signal back to tones, and then to telegraphic (cur-
rent-no current) data.

FUNCTIONAL UNITS
Polar Relays

The polar relay connects the terminal equipment
and the telegraph line, There are three basic types
of polar relays. The first, WE 225A (Figure 1-6),
is manufactured by Western Electric and is used in
the IBM 067 Transceiver. The 255A plugs into a
special socket and is held in place by spring clips.
The relay has two separate coils: the pick coil and
a bias coil. The bias coil is normally energized
with an adjustable dc voltage. The bias winding gen-
erates a magnetic field which either bucks or boosts
the action of the pick coil. The effect of the bias
coil allows the characteristic pick and drop time of
the relay to be varied. Figure 1-7 is a diagrammatic
representation of the polar relay.

The second basic type of polar relay is manufac-
tured by IBM (Figure 1-8). It consists of a mercury-
wetted reed relay and coil. The pick coil surrounds
the glass reed capsule similarly to the standard IBM
reed relay. The relay is available in two versions,
the first being a send relay which has one coil. The
receive relay has both pick and bias coils. The IBM
polar relays are mounted on a SMS card. The com-
plete SMS card must be replaced if any of the relays
becomes defective.

Another type of polar relay is the WU 202A
(Figure 1-9), also used in the IBM 067 Transceiver.
The armature operates on a rocker principle. It
pivots in the center allowing the contacts at the ends
of the armature to open and close. The relay has
both pick and bias windings.

DANGER

Be careful when working near polar relays.
Other than normal voltages are present. Voltage
of 130 vdc and greater are present.

IBM CONFIDENTIAL



Radio Radio

Telegraph Transmitter/ | Trcns.miﬁer/ Tetegraph

Equipment Receiver Receiver Equipment
(FSK) (FSK)

FIGURE 1-3. RADIO TELEGRAPH — FSK

Telegraph Telegroph
Carrier . . Carrier
Generating Coaxial Line Generating

Telegraph Equipment ——E) )— Equipment Telegroph
Transmitter/ —L _L Transmitter/
Receiver —L — Receiver

Telegraph Telegraph

FIGURE 1-4. LINE CARRIER SYSTEM

Telegroph ‘/—Z-’,

Modulator/ Radio
?emodulcfor Transmitter/

one Receiver
Circuit

FIGURE 1-5. RADIO TELEGRAPH UTILIZING AUDIO FSK

Junction Boxes
Junction Box - 63C1, 2

Connection of terminal equipment to the telegraph
lines is facilitated by an unusual array of plugs,
cords, and switch boxes. The incoming telegraph
lines are usually terminated in a centralized junc-
tion box. The WE 63C1, 2 telegraph loop switch-
board (Figure 1-10) is one type of junction box. It
is provided with a number of pluggable receptacles
which facilitate distribution of input telegraph lines

Telegraph

M
Radio odulator/
. Demodulator
Transmitter/
Receiver Tone
Circuit

to one or more terminals. The individual receptacle
(Figure 1-11) within the 63C1, 2 is provided with a
built-in switch and resistor which terminates the
telegraph line when a plug is not installed.

DANGER

Other than normal voltages will be found in and
around the connections to the telegraph lines.
Voltages between 130 vdc and 260 vdc are
common,

IBM CONFIDENTIAL 7
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FIGURE 1-6.
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|
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FIGURE 1-8. IBM MECURY-WETTED POLAR RELAY
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FIGURE 1-9. POLAR RELAY, WU 202A

Line Terminator Box

Another type of junction box available is the IBM line
terminator box (Figure 1-12). This unit is provided
by IBM and serves as the distribution point for tele-
graphic lines servicing one of more terminals.

Plugs

Various types of plugs and cords are used to connect
terminal devices to the junction box. They vary de-
pending upon the type of terminal devices and junc-
tion box. Figure 1-13 show two types of plug and
cord that may be encountered.

Line Arrestor (Heat) Coils

Line arrestor (IFigure 1-14) coils are provided by
the common carrier. Their function is to protect
the telegraphic circuit from overcurrent conditions.
The arrestor coils are designed to open electrically
when line currents exceed 265 ma. It is interesting
to note that the polar relay usually is burned out
long before the 265-ma limit is reached.

Repeaters

When telegraphic signals are transmitted over long
distances, straight-wire distortion becomes an in-
herent problem. The transmitted signals lose their
identity and must be reshaped as well as amplified.

FIGURE 1-10. TELEGRAPH LOOP SWITCHBOARD, WE 63 C1, 2

IBM CONFIDENTIAL 9
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FIGURE 1-11. INDIVIDUAL TELEGRAPH JACK

The repeater provides this function.

Figure 1-15
lists typical repeater spacings for various types of
telegraph lines and speeds.

There are two types of repeaters; electromechan-

ical and electronic. The electromechanical repeat-
ers are code sensitive; that is, they are designed to
repeat only one type of code, such as four of eight,
The electronic repeaters are much more versatile
and can regenerate many different code structures.

Mechanical Repeater
The mechanical repeater (Figure 1-16) consists of

two emitters that are mechanically connected in
parallel. The emitter wipers are held in a latched

position until an incoming character is received by
the repeater. When the start bit of the incoming
character is received, the emitter wipers are un-
latched and are allowed to scan their respective
emitter segments in synchronism with the incoming
telegraphic data. As the incoming character is
sampled by the receive emitter wiper, bit relays
corresponding to the bit structure of the character
are energized. One bit time later, the bit relays
are sampled by the transmit emitter wiper and are
read out onto the output telegraph line. The output

Hinged Cover

Input

® / from
Telegraph

/ Line

CIE
® /‘ Terminator

1BM B/M
622191

/Barrier

Terminal

Block

To Terminal
Equipment

To Terminal
Equipment

FIGURE 1-12, IBM LINE TERMINATOR BOX
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FIGURE 1-13. PLUGS AND CORDS (TELEGRAPH)

To Carrier Pair

r ______________________ |
1
| . 1
| Line Fuses |
| |
| |
' 5
I
| Guard Arrestors |
|
Pl 1
!
' |
! |
! -
' '|
| ” |
: |
| Arrestor Balancing Unit :
| |
| i
! I
| Instrument Fuses I
| |
S |

FIGURE 1-14. TELEGRAPH LINE ARRESTOR

. Repeater
Type of Line Maximum Spacing
Frequency Miles
Submarine Cable 20.8 cps 2.148
Single Open Wire, Grounded 25 eps 250
Single Open Wire, Grounded 60 cps 250
Multipair Cable Pairs 30 ke 18
Multipair Cable Pairs 60 ke 15
Open-Wire Transposed Pairs 30 ke 150
Open-Wire Transposed Pairs 60 ke 100
Open-Wire Transposed Pairs 150 ke 60

FIGURE 1-15. TELEGRAPH REPFATER SPACING

Repeater

-t A
! |
Telegraph

Xeni Line = Repeater Repeater : If:legrcph
Tmlt —— S———-LJ Receive |—{Delay L {Transmitter _,LAS

em | Side Side !

| ]

| |

Lo e e .|

FIGURE 1-16. TELEGRAPH REGENERATIVE REPEATER

character, although delayed one bit time, is effec-
tively recreated by the repeater. The repeater con-
tains its own power supply. Thus the output signal
should have good amplitude as well as waveshape.
The emitters latch up at the end of the character and
wait for the next start bit. TFigure 1-17 shows the
transmitted telegraphic data as well as the input and
output of the repeater.

Electronic Repeaters

The electronic repeater serves the same function as
the electromechanical repeater. The electronic re-
peater is much more versatile because it employs
electronic circuitry in place of emitters and is gen-
erally not as code-sensitive.

REPRESENTATIVE TYPE EQUIPMENT

One type of telegraph equipment frequently used in
common-carrier systems is manufactured by the
Teletype Corporation. When marketed by the tele-
phone companies, the equipment is called Teletype.
When marketed by Western Union, it is called Tele-
printer.

As in the IBM terminal line, the basic purpose of
the various common-carrier terminals is that of
input/output devices used to transmit and receive
information.

The configurations of station equipment available
to perform the requirements of any given application
are many and varied. Only the most widely used are
discussed below:

Receive-Only Page Printer (Figure 1-18)(often re-
ferred to as an RO). As its name implies, this
device prints page copy of information being received
over a communication line. It is a device having no
keyboard, although it does have external positioning
keys; for example, carriage return, line feed, etc.

Transmitted | l | | |
Received at Repeater W
Transmitted from Repeater | | l I I

FIGURE 1-17. TELEGRAPH REGENERATIVE REPEATER WAVEFORMS

IBM CONFIDENTIAL 11



FIGURE 1-18. RECEIVE ONLY PAGE PRINTER (RO)

Keyboard Sending and Receiving Unit (Figure 1-19)
(KSR). This device contains a page printer, just as
an RO, but it also contains a typing keyboard which
allows data to be transmitted to a communication
line. In addition, while data is being transmitted to
the line, page copy is being printed on the receiver
printer. Both units are housed in one cabinet.

Receive-Only Typing Reperforator (Figure 1-20)
(commonly referred to as an ROTR). This is a re-
ceive-only device whose output is in the form of
punched paper tape which, in addition to containing
the punched representation of the received character,

FIGURE 1-19,

KEYBOARD SEND-RECEIVE (KSR)

FIGURE 1-20. RECEIVE ONLY TYPING REPERFORATOR (ROTR)

contains the received printed characters along the
edge of the tape. An ROTR is always hooked directly
to a communication line, since it uses line signals

to perform its punching functions.

Perforator (Figure 1-21). This device is used off-
line in conjunction with a keyboard to prepare tape
for transmission via a transmitter distributor.

Keyboard Typing Reperforator (Figure 1-22) (com-
monly referred to as a KTR unit). This is a device
containing a keyboard and a typing perforator. It
can be used to punch and print paper tape while send-
ing the signal to the line, or it may be used to re-
ceive printed and punched tape from the line. It
cannot, however, be used off-line to prepare tape
for transmission via a transmitter distributor.

Transmitter Distributor (Figure 1-23) (most com-
monly referred to as a TD). This device reads the
paper tape and converts the punched holes to serial
electrical signals for transmission to the line.

Reperforator Transmitter (Figure 1-24) (most com-
monly referred to as an RT). This device is used
primarily on private switching systems to automat-
ically route messages from one station to another.
This unit contains a typing reperforator that is con-
nected to an incoming (receive) line and a trans-
mitter distributor that is connected to an outgoing
(send) line. The message usually is received in its
entirety, punched in paper tape, before being trans-
mitted by the TD. This store-and-forward operation
allows for differences in line speeds between incom-
ing and outgoing lines.

12 IBM CONFIDENTIAL
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FIGURE 1-21. TELEGRAPHIC PERFORATOR (PERF)

FIGURE 1-22. KEYBOARD TYPING REPERFORATOR (KTR)
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FIGURE 1-23. TRANSMITTER DISTRIBUTOR (TD)

Automatic Sending and Receiving Unit (Figure 1-25)
(most commonly referred to as an ASR). This unit
is a multi-functional device containing a keyboard,
perforator, page printer, and tape transmitter.
This combination of units may be used on-line or
off-line and, in some cases, on-line and off-line
simultaneously. For example, it is possible for the
ASR to be in the act of preparing a tape for trans-
mission, with the three-position switch in the K-T
(keyboard-tape) position (thereby placing the key-
board and perforator in an off-line state), while at
the same time receiving a message on the page
printer and perhaps on an associated reperforator.

BASIC TELEGRAPH CIRCUIT

Telegraph transmission is built around the current
loop concept. That is, data is transmitted by open-
ing and closing a current path that connects both the
sending and receiving terminal. The data trans-
mitted by one terminal may be converted to other
modes to facilitate long distance transmission but
will always be converted back to a current loop to
activate the receiving terminal. Figure 1-26 shows

two terminals connected to a telegraph line. Two
polar relays are required per terminal. The receive
polar relay has two windings: one is in series with
the telegraph line and the second is the bias winding.
The send polar relay points are also in series with
the line. When two terminals are connected as
shown in Figure 1-26, a current loop is created. The
de power supply, provided by the common carrier,

is the current source for the loop.

The common carrier is reponsible for insuring
that the current in the loop is 62.5 ma plus or minus
2.5 ma. A number of operating voltages are used on
the telegraph lines, depending on the type of carrier
and the distance from the customer to the central
office. Tor the maximum case, the voltage to ground
is 130 volts with 260 volts across the line.

When neither terminal is transmitting, the 62.5 ma
current is in the loop. When either terminal starts
transmitting, the send polar relay within that ter-
minal is energized and de-energized by the serialized
data. A Mark (bit) condition is indicated by current
in the loop. A space (no-bit) condition is indicated
by no-current in the loop. The receive polar relays
at both ends are operated by the transmitted data.

14 : IBM CONFIDENTIAL



FIGURE 1-24., REPERFORATOR-TRANSMITTER (RT)

Usually, no provisions are made to use output of the
receive polar relay of a transmitting terminal al-

though its output is a replica of the transmitted data.

The exception to this is the IBM 2701 Data Adapter
Unit. The 2701 uses the received polar relay out-
put as a feedback check while transmitting.

When servicing a terminal utilizing telegraph
lines, the time will come when it will be necessary
to remove the polar or disconnect the lines. It is

imperative that the telegraph lines never 'run open'.

That is, an open-circuit condition, such as created
by removal of either the polar relays or the lines,
should always be terminated or loaded with a resis-
tor. A resistor rated at 200-300 ohms, 10 watts is
used. The terminating resistor is automatically
switched into the loop in the IBM 2701 Data Adapter
Unit whenever terminal power is off. The IBM 1050
Data Communication System provides the terminat-
ing resistor, ar}d a service-operate switch to ser-
vice will insert the terminating resistor across the
line. Returning the switch to operate removes the
resistor from the loop. Figure 1-26 depicts the
protective resistor's location in the circuit.

TELEGRAPH SIGNAL DISTORTION

Telegraph signal distortion is an important and
never-ending problem commonly encountered when
working with equipment attached to telegraph line
facilities. The common carrier has facilities to
monitor and measure signal distortion and often does
so on a full-time basis. True to form, it is usually
the unmonitored line that develops trouble. Due to
this fact, a knowledge of distortion types and their
causes is essential. Distortion measurement and
diagnostic techniques will be covered in a later
session.

There are four fundamental types of distortion
which adversely affect the fidelity of telegraph
signals:

1. Bias Distortion. In telegraph applications,
bias distortion is characterized by Mark or
Space pulses which are consistently too long
or too short. This means that the total time
allocated to one Mark and Space bit never
changes; only the length of the Mark or Space
element changes. If an alternate Mark/Space
pattern were transmitted with an equal amount
of time between transitions, the received sig-
nal will probably have a percentage of mark-
ing or spacing bias. This may be caused by
the characteristics of the terminal, data set,
or by an unequal rate of transmission. When
the Mark pulses appear lengthened, the Space
pulses will be shortened. This condition is
called Marking Bias. When the Mark pulses
appear shortened, the Space pulses will be
lengthened. This condition is called "Spac-
ing Bias' (Figure 1-27). Bias distortion is
measured as a percentage. For example, if
the marking pulses of a particular character
are 20 percent longer than they should be, 20
percent marking bias exists.

A maladjusted polar relay that holds too long
in the marking or spacing condition can cause
bias distortion. The procedure for correcting
bias distortion problems is covered in a later

session.
2. End Distortion - In Start-Stop telegraphic sig-

nals, the shifting of the end of all marking
pulses from their proper positions in relation
to the beginning of the start pulse is called
"end distortion. ' Marking end distortion de-
notes a lengthening of the marking bit. Spac-
ing end distortion denotes a lengthening of the
spacing bit (Mark bit is shortened). See Fig-
ure 1-28.

A possible offender creating marking end dis-
tortion is line capacitance. The capacitance
will cause the voltage delay slope of the Mark

IBM CONFIDENTIAL . 15



FIGURE 1-25. AUTOMATIC SEND RECEIVE MODEL 28, ASR 28

16

to Space transition to be lessened. Conse- 3.
quently, the voltage present after the actual
Mark-Space changeover can be sufficient

enough to hold a relay marking. Spacing end
distortion can result from improperly func-

tioning repeaters.

IBM CONFIDENTIAL

Fortuitous Distortion. Fortuitous distortion
(Figure 1-29) is caused by crossfire (cross-
talk) between two or more circuits, atmos-
pheric noise, power line induction, lightning
storms, dirty transmitting contacts, and
similar disturbances. It must be emphasized
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FIGURE 1-29. FORTULITOUS DISTORTION

that fortuitous distortion means random dis-
turbances. Another example of fortuitous dis-
tortion is "jitter'". Jitter is the random var-
iation in bit length due to noise or modulation
process. Jitter cannot, for the most part, be
adjusted. Oscilloscope observation of a spe-
cific character being received continuously will
reveal jitter. Measurement of the maximum
variation will reveal peak jitter in percent.
Jitter will be covered further in the telegraph-
ic diagnostic session. Figure 1-28 depicts
jitter as it would be observed on an oscillo-
scope.

Characteristic Distortion. The normal and
predictable distortion of data bits produced by
inductive and capacitive constants of the line
as well as distortion introduced by the sending
terminal and regeneration points is called
"characteristic distortion'.

Figure 1-30 (a) depicts a type of characteristic
distortion generated by the sending terminal.

17
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(b) Received Signal

FIGURE 1-30. TELEGRAPHIC LINE DISTORTION

The shortened bit (shaded) can be a result of
dirty or maladjusted sending contacts. Figure
1-30 (b) shows the resultant signal as it would
be received if inductive and capacitive char-
acteristic distortion were included.

The total of these four forms of signal distortion
is known as "cumulative distortion' of the signal.
The cumulative distortion of a line is usually denot-
ed as a percentage. For example, the rule of thumb
for acceptable cumulative distortion for start-stop
telegraphy is 35 percent. It is interesting to note
that 35 percent pure bias or end distortion is much

REVIEW QUESTIONS

1. The normal value of line current encountered
in telegraphic circuits is_ milliamperes.

2. A Mark is represented by (current/no current
on the line,

3. The device used to reshape telegraphic signals
on the line is a

4. An ROTR is a

5. What job does a TD perform?

6. When using a telegraph interface, what appears
at the receive polar relay points when the ter-
minal is transmitting ?

7. The type of distortion which is erratic and un-
~  predictable is called or distortion.

more tolerable than just 20 percent of fortuitous dis-
tortion. For this reason, it is important that the
different forms of distortion be distinguishable.

It is most important that we be able to separate
characteristic distortion from the other forms of
distortion. If we are able to establish that only a
certain portion of the signal is disrupted, we can
immediately eliminate the entire system between the
sender and receiver and say that the sending equip-
ment is the cause of the distortion. The diagnostic
and measurement aspects of distortion will be
covered in Session 3.

The text for Session 1 is concluded. Answer the
review questions and proceed to Session 2. If you
answer any questions incorrectly, you should re-
view the appropriate portions of the text before pro-
ceeding.

8. The fixed distortion encountered in telegraph
circuits is referred to as distortion.

9. If the Mark to Space transition of a telegraphic
data signal occurs early, distortion
exists.

10. If the Mark bit is lengthened as a result of an
early Space to Mark transition of a telegraphic
data signal, the distortion is known as

11. The space hit is (lengthened/shortened) as a
result of Marking Bias distortion.

12, The major factors of a telegraphic line con-
figuration which can produce end distortion
are and

13. The interference of one telegraphic circuit
with another is called

14. If the sending polar relay of a transmitting
telegraphic terminal is slow to drop out when
de-energized, the type of distortion which
would result is

15. The tolerable distortion limit in telegraphic
circuits is about percent.
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SESSION 2

TELEGRAPHIC SWITCHING SYSTEMS

This session will consider the functions and capabilities of a cross section of the

telegraphic message switching systems provided by the common carriers.

These

systems are of particular interest because IBM equipment is being frequently

used to provide the supervisory control for these systems.
sage formats of one of these systems will be covered in detail.

In addition, the mes-
This session will

also point out the functions and operations of the special units found within the tele-
typewriter attached to these systems.

Highlights

e Types of telegraphic message switching systems

AT&T 81D1
AT&T 83B2
WU Plan 115A

e 383B2 system message formats

Addressing
Polling
e Special functional units
Stunt box
Function generator

TYPES OF SWITCHING SYSTEMS

AT&T Fully Automatic Teletypewriter Switching
System 81D1

The 81D1 system provides for a continuous flow of
messages between the various stations on private-
line teletypewriter networks involving a multiplicity
of lines and stations. It functions in such a manner
that a message may be sent from any sending tele-
typewriter and recorded on any desired receiving
teletypewriter or group of teletypewriters in a net-
work without requiring manual handling or operating
attention other than the original perforation of tape
at the sending station and the removal of the typed
message from the receiving machine or from ma-
chines to which it was directed. The switching
operations are entirely automatic and are under the
control of directing characters punched at the head
of each message in the original transmitting tape
and end-of-message characters punched at the end
of each message.

Individual line circuits are full duplex and may be
operated at either 60, 75, or 100 words per minute,

Different sizes of switching offices, the number of
switching offices in a system, the number of trunks

between switching offices, the number of stations in
a system, the amount of traffic for local delivery in

the vicinity of a switching office, the quantity of
multiple-address traffic, and a number of other var-
iations all must be considered when a system is
designed.

Each station in the system is assigned a two-
letter code. In order to direct a message from any
sending station in the system to any receiving station,
the operator punches in the sending tape the two-
character code of the desired station, followed by
the message. This tape is then transmitted. No
further action regarding this message is required on
the part of the station operator. The message is re-
ceived at the controlling station and is repunched in
paper tape. The message is then automatically read
and switched to the correct output line under direc-
tion of the two-character designation code. Figure
1-31 depicts the 81D1 system.

AT&T Selective Call System 83B2

The 83B2 system is a half-duplex private teletype se-
lective call system provided by American Telephone
and Telegraph. The 83B2 system consists of up to
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FIGURE 1-31, 81D1 SYSTEM

40 Model 28 teletypewriters arranged so that a mas-
ter (control station) can address (send) data to any
individual teletypewriter and poll (request) data from
any teletypewriter. Figure 1-32 depicts a possible
configuration of an 83B2 system.

Note that this system is arranged with a maximum
of 20 terminals per line. Each terminal within the
system is assigned a two-character address. The
controlling station is switched to either of the two
lines and has the ability to poll and address the ter-
minals on each line. A message that is to be trans-
mitted from a terminal on line 1 to a terminal on line
2 requires that the controlling station receive the
original message from terminal 1 and then forward
it to the correct terminal on line 2. The operator at
the controlling station switches the message under
control of the directing characters at the head of
each message. A message transmitted between
terminals on the same line does not require operator
intervention. The system can operate at speeds of
60, 75, and 100 words per minute.

Western Union Plan 115A

The Western Union Plan 115A is similar in all re-
spects to the AT&T 83B2 system.

83B2 MESSAGE FORMAT
The messages transmitted within the 83B2 system
have two basic fixed formats. These formats (ad-

dressing and polling) are developed in the following
paragraphs.

Maximum of 20 Terminals

Control e g] T T Q

—_

Station . ﬂ] i l IJ—_]

Maximum of 20 Terminals

FIGURE 1-32. 83B2 SYSTEM

Addressing Format

All messages, directed or addressed to a particular

terminal, are preceded by a Call Directing Code
(CDC). This code consists of two TTY characters
and a letters shift character. Any characters other
than T, O, M, V, H, and Y may be used. The first
two characters of the sequence determines which
remote 83B2 terminal will receive the text of the
message to follow. The remote terminal recognizes
the CDC sequence and mechanically unlocks the ter-
minal. A letters shift character rounds out the se-
quence by insuring that the remote terminal is in
letters shift. If a message is to be broadcast (sent
to all terminals in one lump), a separate CDC may
be assigned to all terminals. In this case all the
terminals respond as if they were being addressed.

At this point the addressed terminal should re-
spond by transmitting a V. This response indicates
that the addressed terminal is in fact ready to re-
ceive. The addressed terminal must have power on
and paper tape installed in the paper tape punch to
enable the positive response. If neither of these
conditions exist, a no-response (negative response)
condition will prevail. The controlling or address-
ing terminal will wait 10 seconds for the positive
response. If the positive response is not received,
the controlling terminal will advance to the next CDC
and associated message. In the case of broadcast,
only one terminal in the system will respond. The
customer determines which terminal is assigned to
respond. When the controlling station receives the
positive response, it will continue with the message.

Next comes the text portion of the message. The
message is transmitted to all terminals on the line
but only the terminal selected will print or punch.

In the case of broadcast, all the terminals that re-
cognized the broadcast CDC will operate.

Following the text is the EOM/EOT (end-of-
message or end-of-transmission) sequence. This
sequence terminates the text transmission. It also
selects and locks all the terminals in the system in
preparation for the next CDC sequence. The EOM/
EOT sequence consists of a figure shift code, H, and
a letters shift code. That completes the message
format for addressing. Refer to Figure 1-33 for a

review of the complete addressing format as it

would be when transmitted from paper tape.

Polling Format

When polling a remote terminal, the controlling
station first transmits an EOM/EOT. This sequence
selects and locks all the remote terminals. Follow-
ing the EOM/EOT is a Transmitter Start Code se-
quence (TSC). The TSC determines which terminal
is being polled and consists of two alpha characters.
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FIGURE 1-33. FORMAT OF TAPE MESSAGE, 83B2 SYSTEM

If the polled terminal is ready to transmit, it will be
unlocked and thus allowed to send its message. The
message is considered to be its positive response.

If the polled terminal is not ready, it will transmit a
V which is considered to be a negative response when
polling. A power-off condition at the remote ter-
minal will prevent any response and therefore will
initiate a 2-second timeout of the controlling station.
The 2-second timeout is considered to be a negative
response.

An EOM/EOT should follow the text to select and
lock the terminals in preparation for the next poll.
Either the controlling station or the polled station
may transmit this sequence. If a more detailed ap-
proach to polling and addressing is required, refer
to Figures 1-34, 1-35, and 1-36.

SPECIAL FUNCTIONAL UNITS
Stunt Box

The most significant development of the Model 28
teletypewriter was the development of the stunt box
control mechanism. One of the major shortcomings
of earlier models of the teletypewriter was the in-
ability to control their own peripheral (input/output)
equipment automatically. That is,they weren't able
to remotely start output devices, to recognize Start-
of—Message (SOM) and End-of-Message (EOM) se-
quences. The resultant loss of line time (due to the
long timeout needed to bid and contend for the line)
on the already slow 75-wpm multi-station lines cre-
ated a definite need for an automatic method of con-
trolling the terminal equipment.

The following paragraphs deal primarily with the
addressing and polling concepts of the private line
communication system in general and the relative
roll of the stunt box within it.

The stunt box is mounted physically on the Model
28 printing unit and responds to keyboard or line
signals. It is an electromechanical device, with a
mechanism for translating discrete electrical pulses
into mechanical motion (this initiates further mech-
anical or electrical actions to perform specific
operations). It is the recognition and translation of

discrete characters, in combination with the re-
cognition of character sequences, which facilitate
the automatic control of a terminal. Therefore the
stunt box enables polling and addressing control of
multi-station lines.

The line control (addressing-polling format)
characteristics may be generalized as follows:

1. Recognition of the SOM and EOM sequences.
These three-character sequences, normally
the same for both functions (the exact se-
quences for the 83B2 system are covered
later in this session), induce a receive-select
condition within the stunt box. In this state,
the stunt box is monitoring for a combination
of two or more characters that will address
a terminal component.

2. Recognition of Unique Addressing Characters
a, Call Directing Codes (CDC's). On rec-

ognizing this combination of characters,
the stunt box unblinds all of the terminal
receive equipment hooked to the line.
This includes all RO reperforators, page
printers, etc. At the same time, a stunt
box feature responds to the calling station
with a unique character (usually a V) to
indicate that it is in the receive-print
mode.

b. Transmitter Start Code (TSC). On re-
cognizing this sequence, the stunt box
does one of two things. If there is tape
in the TD, the stunt box unlocks the trans-
mitter, and the tape is transmitted. If,
however, there is no tape, a stunt box
feature responds to the polling station
with a V, indicating a no-traffic condition.

3. Recognition of End of Addressing. The rec-
ognition of this configuration of characters by
the stunt box places all of the selected termi-
nals in the print text mode and terminals
which have not been selected into the nonprint
text mode.

4. Recognition of EOM. Places all of the termi-
nals in the nonprint receive control mode,
which is similar to an idle condition. Note
that the CDC, TSC, etc., characters are
unique only from the standpoint that they are
received in sequence. Unless preceded by
the necessary control functions (SOM-EOM,
etc. ), the stunt box is not affected.

The operation of the stunt box may be summarized

as follows:

a. Mechanically initiates internal functions
within the printers, for example, letters
shift, figures shift, etc.

b. Electrically controls functions within the
printers; for example, unlocks the print
mechanism.
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FIGURE 1-34. BASIC OPERATION 83B2, SCU SENDS MESSAGE
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FIGURE 1-36. OPERATION 83B2, SCU RECEIVES MESSAGE

c. Electrically controls external equipment;
for example, starts TD, etc.

.

Function Generator

The function generator is a electromechanical device
mounted physically in the Model 28 teletypewriter.
The function generator generates character sequen-
ces required for the addressing and polling control
of multi-station lines. An example of one of these
sequences is the EOM/EOT sequence (FIGS, H,

CDC for \ Yes

This Station

Station Shift
to Print

“Station
Copies
Text

Idle Line
- ——- and
No EOM

EOM Received

Disconnect Station
and Put in

Select Condition

TSU Waits
10 Sec.Sends
FIGS-H-LTRS

Disconnect
Station-Select
Mode

LTRS). The function generator creates its char-
acter sequence outputs when actuated by either
mechanical or electrical means.

The text for Session 2 is concluded. Answer the
review questions and proceed to Session 3. If you
answer any questions incorrectly, you should review
the appropriate portions before proceeding.
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REVIEW QUESTIONS

1. Non-printing telegraphic codes may be used

to perform external control functions at a
telegraphic terminal through the use of a

The device incorporated in a teleprinter to
enable the transmission of a complete se-
quence of telegraphic characters as a result
of a single key operation is called a

The term applied to the invitation to send
traffic, which the master or control station
sends to an outstation, is

. The term applied to the procedure involving a
direction from the master station for the out-
station to receive traffic is

10.

IBM CONFIDENTIAL

The positive reply from an outstation to a poll
is

When an outstation has been addressed and is
ready to receive, it signals this condition to
the master or control station by sending

(AT & T 83B2).

The abbreviation CDC stands for
and TSC is the abbreviation

for

(TSC/CDC) is used for polling.

terminal(s) give a "V' answer-back
in response to a broadcast message.

Completion of work with any terminal is sig-
naled with EOT which consists of
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SESSION 3

TELEGRAPH LINE FACILITY DIAGNOSTICS

This session delves into the various methods employed in distortion measurement
and compensation as well as in common carrier test facilities.

Highlights

e Distortion Measurement
e Common Carrier Tests

Initially, telegraph line facility problems show up as
failures at the terminal ends of the line. Bad data
and errors would be symptomatic of line facility
difficulties. Because of this, the approach to tele-
graph line facility problems begins at the terminal.
Before it can be assumed that the line facility is,
in fact, creating the supposed problem, the terminals
themselves must be eliminated from suspicion. This
can be accomplished through the use of terminal
self-test, unit or terminal swapping techniques. Al-
though terminal self-test and swapping techniques
are adequate, the final determination of responsibi-
lity for the difficulty can be resolved by applying the
old adage, "What goes up must come down' or, in
our case, '""What goes in (the send polar relay) must
come out (the receive polar relay). ' If the bit con-
figuration of the data transmitted is not the same as
the data received, the line facility is at fault. Once
it is determined that the line facility is creating the
errors, a check of line distortion is in order.

DISTORTION MEASUREMENT

As described in a prior session, we found that there
were four forms of distortion:

1. Bias

2. End

3. Fortuitous

4. Characteristic
An oscilloscope will be required to prove the exist-
ence of any of these forms of distortion.

Distortion measurements are usually made while
a character with alternate Mark and Space bits is
being transmitted continuously. The use of a char-
acter with alternate bits facilitates an easy check of
all forms of distortion. The oscilloscope is connec-
ted across a 10-ohm resistor that is inserted in
series with the line (Figure 1-37). The 10-ohm

resistor provides a voltage drop indicative of the
current in the loop. A 10-ohm resistor is used be-
cause it provides an easy to convert peak-to-peak
voltage to current translation. An oscilloscope with
dual vertical input capability (e.g., Tektronix 561A
or equivalent) is required.

Set-up:

1. Connect probes to 10-ohm resistor.

2. Set mode switch to Algebraic Add.

3. Invert Channel A.
In this mode, the oscilloscope is being used as a
differential amplifier. The use of the oscilloscope
in this manner eliminates the need to ground it to the
telegraph line. Keep in mind that there is 260 vde
across the line and 130 vdc to ground.

Line Current Check

The first step prior to the actual distortion measure-
ment should be a quick check of the line current. The
common carrier is responsible for the line current
and should correct any deviations from the accep-
table 62.5 ma (¥2.5 ma). To check the current,
connect an IBM voltmeter in series with the line.

Be sure to use the appropriate current range. In
most IBM terminals, two lugs are provided to attach
the meter leads. The lugs are in the line circuit,

but normally are jumpered. After the meter is con-
nected to the lugs, remove the jumper. This prevents
the line from "running open' while attaching the
meter. If the line current is found to be in question,
the common carrier should be requested to run a
check on the line current.

Transmit Unity M/S Ratio Check

Once it has been determined that the line current in
the circuit is acceptable, distortion measurements
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FIGURE 1~37. SCOPING TELEGRAPH CIRCUITS FOR DISTORTION

should be made. It is important to note that distor-
tion can be introduced by either the sending terminal,
receiving terminal, or the line facility. When check-
ing for distortion, it is therefore necessary to decide
which form of distortion we are checking and where
in the circuit it is to be measured. The most logical
approach would be to determine first if the sending
terminal is creating a distorted signal. An example
of distortion that can be introduced by the sending
terminal is bias distortion. The transmitted signal
must have a unity Mark -to-Space ratio. That is,

the marking and spacing bit must be the same length.
A poor Mark-to~-Space (M/S) ratio would be indica-
tive of an incorrectly adjusted transmit polar relay
or possibly problems in the polar relay drive cir-
cuits. The measurements should be made at the
terminal while it is transmitting.

Bias Winding Adjustment

A check of the receive polar relay output at the re-
ceiving terminal should be performed next. This
check will reveal the existence of bias distortion in-
troduced by the line facility or the receiving polar
relay. To facilitate this measurement, the oscillo-
scope is connected to the output of the receive polar
relay. If the receive polar relay is correctly ad-
justed, the oscilloscope will reveal a unity M/S

-: Receive Polar
Relay Circuit

ratio. If the M/S ratio is not correct, it indicates
that the polar relay is being affected by line distor-
tion and requires adjustment. The bias winding on
the receive polar relay is adjusted to provide a unity
M/S ratio output. The bias winding compensates for
line distortion by varying the sensitivity of the polar
relay. When the bias adjustment is correct, the
polar relay will respond to the 50 percent current
line and produce the required M/S ratio. See Figure
1-37.

Fortuitous Distortion Measurement

A measure of the fortuitous distortion present in a
circuit is facilitated through the observation of bit
jitter. Jitter may be measured by connecting the
oscilloscope differentially across a 10-ohm resistor
inserted in the line circuit. (See Figure 1-37). Ifa
calculation of the jitter reveals that it exceeds 20
percent, a new line should be requested from the
common carrier. It should be noted that the custo-
mer is responsible for contacting the common car-
rier regarding requests for line checks, new lines,
ete., unless a Systems Maintenance Management
Agreement is in effect with the customer. In this
case, the IBM CE or field manager will call the
common carrier and notify the customer of the
action taken.
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COMMON CARRIER TESTS

The common carrier is equipped with facilities to
measure line current as well as to monitor lines for
distortion. These facilities are not usually in ser-
vice and must be requested. Distortion monitors are
sometimes found in customer locations. These mon-
itors are usually customer-purchased. A red light
on the monitor will come on when a 20 percent dis-
tortion level is present. Some monitors may be
adjusted for other distortion limits.

REVIEW QUESTIONS

1. A line current of 60 ma should produce satis-
factory terminal operation. (True/False)

2. The ratio of a Mark to a Space on a telegraph
line without distortion should be to

3. The starting point for adjustment of the bias cur-
rent of a polar relay is with milliamp-

eres flow in the bias winding.

4. The percentage of jitter at which a new line
should be requested is

5. In order to check the '"local loop'" when sending
on a telegraph line, you could scope: (what ?)

The text for Session 3, last session in Section 1, is
concluded. Answer the review questions, using the
text as reference. If you answer any questions in-
correctly, review the appropriate portions of the
text before proceeding. When you are ready to
continue, contact your course administrator to take
the final evaluation examination for Section 1 of
Common Carrier Facilities for Teleprocessing.
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SECTION 2

ASYNCHRONOUS DATA COMMUNICATIONS

SESSION 1

TELEPHONE SYSTEMS

In this session you will become acquainted with the basic components necessary for
telephone voice communications.

Highlights:

e Simple Local Exchange
e The Telephone Instrument

Transmitter
Receiver
Ringer
Coils

As originally developed, the telephone system was
Today, these same 1.

to provide voice communication.

facilities are used to provide for data communica- 2.,
tions at speeds up to 500,000 bits per second (bps).

This portion of the course will first develop the

3.

telephone system as a method of voice communica-

tion and then expand to cover the necessary add-

itional equipment for data communications.

In this figure, the principal components are:

Telephone sets

Lines connecting telephones (called Subscrib-
er Sets or Subsets) to the central office.
Switchboard at the central office providing for
interconnecting subsets on different lines.
Note operator's position for answering.

The telephone set consists of the following main
parts (Figure 2-2. ):

SIMPLE LOCAL EXCHANGE SYSTEM 1. Transmitter
2. Receiver
The minimum requirement of a telephone system 3. Induction Coil
will be met by the configuration of Figure 2-1. 4. Switch Hook Contacts
5. Ringer
Local Telephone Office
r——— Tttt T T T T T T a
| |
! . |
| Repeating )
ll Coil ! Xmtr
: ! t o L1
| | ) Induction
| | Coil Cl
| H — Y I__
| ! c2
|
! |
| |
| t
L e __ 1
Ringer O Ringer
Generator Contacts [ T
1
)
Operator ~
Subset Headset Subset oL
Contacts Shown "On Hook"
FIGURE 2-1, SIMPLE TELEPHONE SYSTEM FIGURE 2-2. SUBSCRIBER TELEPHONE SET
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The first step toward understanding the system is a
review of the components used.

REVIEW OF COMPONENTS

The telephone Transmitter element is a carbon type
microphone. Fluctuations of pressure on the dia-
phragm either cause compression of the carbon
granules or allow them to expand. This results in a
varying current flow through the transmitter and
through the windings of the induction coil and the
telephone line connected to L1 and L2. These fluctu-
ations are the electrical image of the speaker's
voice.

With the telephone "on-hook'"(i. e. , handset resting
in cradle), the "switch hook" contacts are as shown
in Figure 2-2. Note that no circuit exists from the
transmitter element or receiver element to L2 un-
less the handset is "off-hook".

The Receiver element of the telephone is an
electromagnetic device. A thin metal diaphragm is
supported by its outer periphery a few thousandths of
an inch above the pole pieces of the electromagnet
coils. Any fluctuation in the current through the
coils will change the force of the magnetic field be-
tween the diaphragm and the poles, resulting in a
vibrating motion of the diaphragm corresponding in
frequency and relative amplitude to the line signal.
The vibrating diaphragm causes condensations and
rarefactions of air pressure on the listener's ear,
thus converting the electrical image of a voice back
to sounds again.

The induction coil provides a method of coupling
the receiver and transmitter elements both to the
line, permitting dc current to flow through the trans-
mitter but allowing only ac flow through the receiver
(a function of capacitor C1). Later model telephones
have special networks added to prevent excessive
""side-tone'. Side-tone is hearing your own voice
in your receiver when talking, which tends to be
annoying unless properly controlled. The windings
of the induction coil provide three other functions:

1. Match impedance of transmitter,

2. Match impedance of receiver.

3. Match line impedance.

The final component in the telephone is the Ringer.

Note that the ringer is coupled across the line by C2.
This prevents current flow. When the telephone is
"on-hook', the only load on the line is the ringer.

No dc path exists and hence the central office does
not detect a false "off-hook" condition as it would

if C2 were not in the circuit. The basic ringer re-
sponds to a 20-cps ringer signal. In actual telephone
line use, a frequency as low as 20 cps cannot be
satisfactorily transmitted. To overcome this prob-
lem, the telephone company selects a frequency
within the transmission capabilities of the line, such

as 1,000 cps, and interrupts the 1-kc signal at a 20-
cycle rate. The bell of the ringer cannot respond
to 1 ke., but does ring on the 20-cycle interrupt
rate. The subset shown is connected for private
line service, with the ringer connected across L1
and L2. In party line service, the telephone com-
pany usually connects half of the ringers from L1 to
ground and the other half from L2 to ground. This
practice reduces the number of extraneous rings a
subscriber hears. Additional reduction of unwanted
rings can be obtained through the use of frequencies
other than 1 ke, with tuned reed relays so that on an
eight-party line,each subscriber hears only his own
ring.

Now let's move from the subset to the line facility.
Usually, as the telephone line leaves the subscriber's
premises it passes through an arrestor box. The
arrestor box is something like the lightning arrestor
on your radio or TV set, and protects the telephone
instrument from high-voltage surges on the telephone
line.

The signal on its way to the central office may go
either by open wire lines (strung across telephone
poles and supported by glass insulators on the cross
arms) or it may go over twisted pair cable in a lead
sheath jacket (supported by a wire rope cable and
hanger brackets, or perhaps run underground).

Note at this point that either facility represents a
Transmission Line (just the same as the twinlead or
coaxial cable from your TV set to its antenna) and
all of the same rules apply to its use and misuse.

The first open wire lines were constructed from
#12 wire on about 12-inch centers, and as such ex-
hibited a Characteristic Impedance (Zo) of about
600 ohms. Hence, today's standards of 600 ohms
when dealing with telephone circuits. The twisted
pair cables, however, have a Zo of about 90-150
ohms. In order to match cables of this impedance
to equipment having a load or source impedance of
600 ohms, something must be done to "match' the
two impedances to provide maximum undistorted
signal power transfer. That ""something' is the use
of "Loading Coils", which provide a means of al-
tering the effective impedance of cables to more
nearly match the equipment.

Several items should be briefly considered in
regard to transmission lines and detailed later.
Since telephone lines consist of distributed capacity,
inductance, and resistance, their impedance is not
constant for all frequencies; therefore, the '"load~
ing" which may produce optimum signal power trans-
fer at low frequencies is no longer satisfactory
when we get to 2000 cycles. This problem is known
as attenuation or loss. Another problem is: all
frequencies are not propagated on the line at the
same rate, but decrease in velocity with an increase
in frequency. The characteristic is called Phase
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Delay or phase distortion. The result of phase delay
is: if 1-ke and a 2. 5-kc signal are simultaneously
injected at a source, the 1-kc signal will arrive at
the load ahead of, and out of phase with, the 2.5-kc
signal. These relative losses are measured in dbm,
which you learned about in Introduction to Telepro-

addition, there are certain dc "supervisory" circuits
which bridge primary to secondary of the repeating
coil so that a signal light will turn on at the switch-
board as soon as a telephone goes '"off-hook'. These
lights alert the operator to plug the operator's local
headset into an answering jack on the switchboard

cessing.

Well, at last we have reached the central office.
Our telephone line is terminated in a repeating coil
(Figure 2-1). Let's digress just a moment and con-
sider the various types of coils we will encounter in
telephone circuits and why they have different names:

1. Retardation Coil (Retard Coil) - One winding

like a "choke'" in a power supply. (Also used
as loading coil).
2. Induction Coil - three windings. An audio-

frequency coupling transformer which couples
two circuits to one and usually provides im-
pedance matching of both to the line.

3. Repeater or Repeating Coil - four windings.
Again an audio-frequency transformer. The
windings may be assigned as use dictates
(parallel, series, separate).

4. Hybrid Coils - six windings. An audio-fre-
quency transformer having flexible assign-
ment of windings.

We will see during this course where each coil is
used.

Now, back to the switchboard. The Repeater

Coil transfers talk signals and ringer signals. In

and say '"number please'.

When you give the operator the number of the
party you are calling, the operator plugs a cable,
for the line on which you are calling, into the jack
corresponding to the called line and activates the
ringer at the called party's location. As soon as the
called party lifts the receiver from the "hook", the
dc supervisory circuits for the '"called" line signal
an "off-hook" condition with a light at the switch-
board. The operator can now stop ringing and dis-
connect the local head set cord. You are now free
to talk to your party. When you "hang up", the
lights on the switchboard go out and the operatoxr
then knows it is all right to remove the connection
you have been using.

The text for Session 1 is concluded. If you can an-
swer all of the following study questions, proceed
to the next session. If you answer any questions in-
correctly, review the appropriate text before pro-
ceeding.
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REVIEW QUESTIONS

34

1.

The five main parts of the telephone instru-
ment are: ‘

oo T

. List the three main reasons for having an in-

duction coil in the telephone instrument.
a.

b.

C.

. The basic ringer signal is pulsed at a

cycles per second rate, regardless of the line
carrier frequency.

. The device used to protect the telephone from

line surges is called an______ .

The transmission line impedance used as a
standard in telephone work is ohms.

. Line impedance may be held reasonably con-

stant by using coils at various points

in the circuit.
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10.

. For each of the coils listed below, indicate the

number of windings usually available by plac-
ing an "X" in the appropriate column:

Coil Type 112|314 |51|6

a. Retard coil

b. Induction coil !

c. Repeating coil

d. Hybrid coil

. In the case of the system described, why are

"dc supervisory signals' required ?

. Two frequently encountered types of telephone

transmission lines are pair and
pair. (The latter in sheathed cables)

relays are sometimes used
to discriminate against unwanted ''rings'' on
party-line circuits through identification of the
particular subcarrier pulsed at the basic ring
frequency rate.




SESSION 2

TELEPHONE SWITCHING

This session will discuss some of the techinques used in routing telephone calls to

their destination.
Highlights:

o The Manual Switchboard

o Automatic Switching
The telephone dial
Tone dialing

Step-by-step switching

Panel switching
Crossbhar switching
Electronic switching

THE MANUAL SWITCHBOARD

Examine the manual switchboard (Figure 2-3) and
see how the connections described in the previous
session are accomplished.

When the party on line 907 lifts the receiver, the
indicator in Position 3, corresponding to the answer-
ing jack for 907, lights. The operator plugs the
local headset into the answering jack. Subscriber
907 asks for 132. The operator takes the cord for
907 in Position 2 and connects it to the calling jack
for 132 in Position 1 as shown by the heavy line of
Figure 2-3. The indicator will remain lit at the
answering jack as long as the originating phone is
"off-hook". When the light goes out, the operator
may remove the cord, freeing both lines for additional
calls. When the operator connects 907 to 132, a key
switch on the board enables the operator to ring 132,
When 132 goes '"off-hook" to answer, its indicator
lights steadily, indicating an answer. The operator
disconnects the headset while the subscribers carry
on their conversation.

In this system, each operator has to service about
200 incoming lines (via answering jacks) and has ac-
cess to about 10,000 "called" lines in three groups of
3,300 each (Positions 1, 2, 3).

AUTOMATIC SWITCHING SYSTEM
Telephone Dial
In an automatic switching system, some method of

generating control signals is necessary. The tele-
phone dial (Figure 2-4) provides this means. Es-

sentially, the dial consists of two principal sets of
contacts:

1. Disconnect line from handset while dialing.

2. Break line on dial pulse operation.

The telephone dial generates control signal pulses
by opening and closing the connection to the tele-
phone line in a timed sequence. The timing function
and number of makes and breaks is the function of
the dial. When you dial a number, a contact trans-
fers to hold the line closed under control of the dial
mechanism. When you release the dial, the spring
(previously wound when digit value was selected) un-
winds under the control of a "governor' permitting a
baud wheel (like a CB cam) to cause the line contacts
to open and close in a precisely timed manner. We
will see how these pulses are used under ''Step-by-
Step Switching.

OOc -LvL

goggggg 00000 000,\ Multiple
8388° Calling
88° Jacks
88 >

Line * 1 \

132 00000 |0000000|00Od0OOOO|0OOD

606 ——

Pos 1 Pos 2 Pos 3
907

Answering Jacks and Signal Lamps
(Operator plugs headset cord in here)

FIGURE 2-3. MANUAL TELEPHONE SWITCHBOARD
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Transfer
Controls

Governor

FIGURE 2-4. TELEPHONE DIAL

Tone Dialing

The normal manual dial still requires the ""dc super-
visory signals", but, if we do our signaling on-line
with audio frequencies, the dc can be eliminated.
Tone dialing uses eight different frequencies,
generated by a small transistor oscillator circuit in
the subscriber telephone set. See Figure 2-5.
Suppose you wanted to dial 4265. The depression of
the '"4" key would cause the generation and trans-
mission of frequencies A2 and B1; similarly "2"
key would yield Al and B2, "6" produces A2 and B3,

Frequency — B, B,

|

A

-]
>
a

=

>
-]
(5}
o

NS
HEE
HER
NN

FIGURE 2-5. TONE DIALING DIGITS

Pulsing Contacts

Spring

Cam Follower

and the result of keying a "5'" is A2B2, At the cen-
tral office, these audio-frequency signals would be

decoded to produce impulses to control the required
line switching equipment.

Step-by-Step Switching

One method of utilizing the dialing pulses to select
the required telephone line is through a decoding
system of rotary step selector relays (like the kind
used for the IBM Collator Card Counting Device).
See Figure 2-6. The example used is for dialing
881. The first digit dialed is an '"8'"; this produces
eight pulses on the line at the prescribed rate. (If
they were too fast, the relay could not count them
all and you would get a wrong number; and if too
slow, your first digit might cause two relays to step.)
The first relay advances from 0 to 8, the second
digit passes through contacts of #1 relay to cause
the second relay to step from 0 to 8, and the third
digit passes through contacts of #1 and #2 relays to
cause #3 relay to advance from 0 to 1. The circuit
is now complete; the called phone rings, communi-
cations are established. Note that this system re-
quires the relays to hold their count throughout the
period of connection. This procedure ties up much
hardware for each call and limits the call-handling
capacity of the office. The step-by-step system
usually uses four-dial digits and can provide .service
to 9999 lines plus the ""operator'.

Panel Switching

Another step-type switching method utilizes motor-
driven, rotary switch units called Panel Switching.
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FIGURE 2-6. PRINCIPLE OF STEP-BY-STEP SWITCHING

Each bank of equipment usually controls 500 lines or
circuits. This system has a high maintenance re-
quirement because it is constantly searching for
calls.

Crossbar Switching

A more recent type of switching is called Crossbar
(Figure 2-7). This method controls only 200 circuits
per section but has the advantage that once a circuit
is established, the remainder of the unit is free to
service other calls instead of being tied up for the
entire call as in step-by-step switching. In Figure
2-7, a circuit is established as follows:

Multiple Contacts Hold Magnet

Select Finger ~ Hold Bar

Select Magnet

i

FIGURE 2-7. CROSSBAR SWITCHING

=

Select Magnet is energized.

Select Bar rotates.

3. Multiple Contact upper or lower makes with
Select Finger (depends on which Select Magnet
was energized).

4. Hold Magnet energizes.

5. Hold Bar operates, locking Select Finger into
contact with proper Multiple Contact.

6. Select Magnet and Bar are now free to select
other circuits.

7. Select Finger stays in contact with Multiple

Contact and pivots at its point of attachment

to the Select Bar.

sVl

Electronic Switching

Recently announced by the Bell System is an Elec-
tronic Switching System for telephone calls utilizing
computer concepts in circuit selection and routing.
Refer to the bibliography at the end of this publica-
tion for the source of more detailed information con-
cerning this method.

The text for Session 2 is concluded. Answer the
review questions and proceed to Session 3. If you
answer any questions incorrectly, review the appro-
priate portions of the text before proceeding.
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REVIEW QUESTIONS

1. How many subscribers can be served by a
manual switchboard of the type discussed in
the text?

2. The telephone dial provides dc to ope-
rate the relays or selectors of ,
or type switching systems.

3. Tone dialing eliminates the need for the
of the older

systems.

4. The frequencies transmitted to represent the
digit "5" in tone dialing are: (Refer to Figure
2-5 to answer this question. )

a. AIlIBI1
b. Al1B2
c. A2B2
d. A3B4

5. Once a circuit is selected by the stepper re-
lays in step-by-step switching, they must stay
that way until the call is terminated. (True/
False).

6. Crossbar switching releases the select bar to
service other calls once the circuit is estab-
lished. (True/False)?

7. Electronic switching employs .___con~

cepts in servicing the switching requirements
of a telephone system.
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SESSION 3

LONG DISTANCE SYSTEMS

The facilities utilized in placing long distance phone calls are introduced in this

session,
Highlights:

o Long distance systems

Direct Distance Dialing

Operator Distance Dialing
e Five classes of central offices

End
Toll
Primary Center
Sectional Center
Regional Center

® Purpose of Carrier Systems
e Maximum of seven links in a DDD call

You have examined the necessary equipment for local

telephone communications and now are ready to
cover a great distance on the "Long Lines'" system.
In long distance calling, two new terms are used:

Direct Distance Dialing (DDD) and Operator Distance

Dialing (OPD). DDD is performed directly by the

In this session you will encounter switchingcenters
and equipment between the local office and the switch-

ing center.

Look at Figure 2-8 and get oriented.

There are five "classes" of telephone offices:

switching system as a result of the Area code which
is dialed, while OPD requires manual intervention,
at least in part, by the telephone operator.

Toll Connecting or
Terminating Links

Class Class
5 4
(U] CorP

Class

Intertoll Trunk
Tandem Trunks

——O Terminal (Subscriber)

Class 4 (Center) handles inword, outward, and thru traffic.
Class 4 (Point) handles outward and thru traffic,
Class 1, 2, and 3 are control switching points (csp).

Interlocal Trunk

FIGURE 2-8. LONG LINES SYSTEM

Class

| —

1. End
2. Toll (Center or Point)
3. Primary Center
4. Sectional Center
5. Regional Center
Class Class
3 2
’ T / T \
/ 1 A / \
/// | \\ // ! \\
\
! Primary Sectional
| I
’___'____: _____ Class ________'F_____]
L I 2 !
1
\\\ Ce:ﬂer Y N Cenl'\fer /
N | / N \ /
\ 1 // AN I //
Class Class
3 2
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End Office. If the area of service is small, a single
Class 5 or End Office may service it. In larger,
metropolitan areas, two or more End Offices may be
required to service the subscribers in the area.
These are called End Offices and the Class 5 office
becomes a Class 5T (Tandem) Center Exchange.

The End Offices are connected to the 5T Center Ex-
change through Tandem Trunks and to each other by
Local or Interlocal Trunks.

Toll Office (Center or Point). End offices or 5T
offices are connected to the Class 4 offices via Toll-
connecting or terminating links. If the Class 4
office handles Inward, Outward, and Through traffic,
it is a Toll Center (4C). I it only handles Outward
and Through traffic, it is a Toll Point (4P). The
latter class means that if operators are present at
the office, they will not handle incoming traffic.

Primary Center. To service a particular area,
several Toll Centers may be assigned as Primary
Centers or Class 3 offices. These are connected
for prime and alternate traffic routing as required
by circuit loading.

REVIEW QUESTIONS

1. The abbreviation "DDD" stands for

2. There are classes of telephone offices
in the long distance system.

3. The maximum number of '"links" to complete a
long distance transcontinental telephone call is

4, Class 1, 2, and 3 offices are called

5. A Class 3 office must route a call directly to a
Class 2 office. (True/False)

6. All offices handle all types of traffic.
False) Why?

(True/

Sectional and Regional Centers. Further, Class 3
centers route calls to the next larger function, the
Class 2 Sectional Centers and finally to the Class 1
Regional Centers. Every pair of Regional Centers
has direct interconnecting circuits.

Depending upon message-handling requirements,
Carrier Systems employing various methods of
multiplexing may be used to provide the intercon-
necting circuits or channels between centers. The
Class 1, 2, and 3 offices are usually called Control
Switching Points (CSP).

It is interesting to note that a DDD transcontinen-
tal telephone connection will not require more than
seven links to complete the connections.

The text for Session 3 is concluded. If you can
answer all of the review questions correctly, go on
to Session 4. If you answer any questions incorrect-
ly, review the appropriate sections of the text before
proceeding.
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SESSION 4

CHANNEL FACILITIES

Some of the methods employed for channelization of telephone facilities are present-

ed in this session.
Highlights

e Open Wire lines

Toll Cables

e Carrier Systems
C, N, L1, L3

e Grades of Channels
Telegraphic grade
Subvoice grade
Voice grade
Wideband (Telpak)

CHANNELS NECESSARY

In telephone work, the necessary circuits or chan-
nels for carrying out communication may be divided
into three classifications:

1. Open Wire Lines

2. Toll Cables

3. Carrier Systems

In some areas, the previously described open wire
lines are still in use. More modern systems employ
the twisted-pair toll cables almost exclusively, even
on a local basis.

Once a signal must be transferred between Con-
trol Switching Points, it is usually advantageous to
employ Carrier Systems. Carrier Systems, through
frequency division multiplexing, allow one pair of
wires to carry multiple calls. The pair of wires
may be: open wire, twisted pair, coaxial cable, or
a microwave radio beam. Table 2-1 lists some of
the available types of carrier systems. The Num-
ber of Circuits Derived column expresses the total
capability of the system in terms of normal voice
communication channels. If wider bandpass char-
acteristics are needed, the number of circuits per
system can be decreased to accommodate a wider
band of frequencies; for example,the Type N Car-
rier System can provide 12 full-duplex voice chan-
nels through frequency division multiplexing on one
carrier, or, its capabilities may be grouped to
provide one circuit having a 48-kc bandwidth.

Refer to Figure 2-9 to examine how an L1
Carrier System performs. The initial channel is

4 ke wide (handling 200 to 3000 cps for voice-fre-
quency signal). Twelve of the voice channels can be
combined to form one Fundamental Group. Five
Fundamental Groups representing 60 voice channels
are then combined to form one Basic Supergroup.
Ten Supergroups of 60 channels are combined to
form the L1 configuration of 600 voice channel equi-
valents. Since each channel is 4 ke wide and there
are 600 of them, we have a facility whose total cap-
ability would be employed to handle any transmission
requiring a bandwidth of 2.4 mc (4 ke x 600 channels),

GRADES OF CHANNELS

Channelsare dividedby grades. Primarily, theseare:
1, Telegraphic grade -
2. Subvoice grade
3. Voice grade
4., Wideband

TABLE 2-1, CARRIER SYSTEMS AVAILABLE

Carrier System Number of
Type Circuits Derived | Transmission Facility
C (Telephone) 3FDX 4-Wire Open Line
N (TEL or PR) 12FDX Non-Loaded Toll or
Exchange Cables
L1 (TEL or PR) 600FDX Paired Coax Cable
L3 (TEL or PR) 1860FDX Paired Coax Cable

PR = Broadcast Program Use
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FIGURE 2-9. FREQUENCY TRANSLATION, L-1 CARRIER SYSTEM

Telegraphic grade channels have a narrow bandwidth
(less than a voice channel) and can handle the tele-
graphic bit rates of the services of the first section
of this course. Subvoice grade channels can be

leased for data transmission at bit rates below 600
bps. Voice grade channels may be either dial-up or
leased and may be used for voice communication or
data transmission up to about 2400 bps. The exact
data rate limit will depend on the type of modulation
used. Wideband channels provide bandwidth for data
transmission above 2400 bps and other services in-
cluding radio programs, video, facsimile, and tele-
metry.

The Telpak services are examples of multi-use
wideband channels. Telpak A is the equivalent of 12
voice circuits (like a Fundamental Group of the L1
Carrier System or a complete Type N Carrier Sys-
tem). Telpak A is 48 ke wide and therefore can han-
dle either 12 simultaneous voice channels or about
48,000 bps of data transmission (with efficient mod-
ulation). Other capabilities of Telpak A include
40,800 bps of data transmission together with a
voice communication coordinating channel (so opera-
tors may talk while data transmission is in progress)

Telpak B is a larger system, the equivalent of 24
voice channels. Telpak C provides 60 voice channels
(like a Supergroup of the L1 System) or a 240-kc
data channel. Telpak D provides 240 voice circuits
or a single 960-kc bandwidth channel for data trans-
mission.

From these specifications you can conclude that
channel facilities are quite flexible in their assign-
ment and cover almost any requirement for infor-
mation handling whether it is voice or data.

" The text for this session is concluded. If you can

answer the following review questions correctly,

go on to the next session. If you answer any ques-
tions incorrectly, you should review the appropriate
portions of the text before proceeding.
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REVIEW QUESTIONS

1.

The three facilities with which we are con-
cerned are:

a.
b.
c.

. When, by utilizing different carrier frequen-

cies, one telephone line is capable of handling
two or more calls simultaneously, channel-
ization by frequency division is being
utilized.

The Type N Carrier Service can provide

full-duplex voice channels or its capa-
bilities may be lumped to provide one chan-
nel kilocycles wide.

What is the bandwidth of the entire L3 carrier
system if it is lumped as a single channel ?
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10.

The four grades of channels are:
a.

b.
c.
d.

Subvoice grade channels are usually employed
for data transmission at less than bps.

Telpak A compares in capacity with the type
Carrier Service.

Telpak D provides the equivalent of
voice channels.

channel facilities are usually used if
data rates exceed 2400 bps

If you wished to transmit data at 230, 000 bps,
which Telpak service would be applicable ?
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SESSION 5

CIRCUIT CHARACTERISTICS

Some of the problems encountered in telephone transmission are presented in this

session.
Highlights:

e Attenuation (loss)
e Phase Distortion
e Noise
Crosstalk
White noise
Impulse noise

There are three main problems to be dealt with on a
communication channel or line: