APPENDIX I
ENCODING OF DIGITAL DATA

INTRODUCTION

This appendix discusses the basic definitions
of computer codes, data transmission formats,
control characters, and encryption of digital
data.

BASIC DEFINITIONS

The Institute of Electrical and Electronics
Engineers (IEEE) defines coding as ‘“‘a plan
for representing each of a finite number of
values or symbols as a particular arrangement
or sequence of discrete conditions or events.’’
The letters, numbers, punctuation marks, and
other symbols (commonly referred to as char-
acters) of a Teletypewriter (TTY) keyboard
comprise a finite set of symbols. See figure
Al-1. Each can be represented by a particular
arrangement or sequence of discrete conditions
or events. The same is true of the binary
numbers that form the basis for the operation
of most computers. Consequently, both TTY

characters and binary computer numbers are
classified as digital data, which is defined
as ‘‘a nominally discontinuous electrical signal
that changes from one state to another in discrete
steps.”’

BINARY CODING

A single bit, or binary digit, can assume
one of two possible conditions. Since each
possibility can be made to represent a different
character, a single bit has a coding capacity
of two characters. (For simplicity, the figure
uses the notation of Os and 1s to indicate
the two possible conditions of a bit.) Two
bits afford four possibilities. Each of the two
possibilities of 1 bit can be combined with
each of the two possibilities of the other bit.
Thus, 2 bits have a coding capacity of four
characters; similarly, 3 bits have a capacity of
eight characters.

The number of possibilities—and, therefore,
the coding capacity—afforded by a bit sequence
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Figure AI-1.—Typical teletypewriter keyboard arrangement.
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increases exponentially with the number of bits
in the sequence. See figure Al-2.

M-ARY CODING

A single digit can convey more than two
possibilities if it is made to assume any one
of more than two states. A sequence of three
4-state digits would have a 64-character capac-
ity, compared to the 8-character capacity of
3 digits. Coding with M number of states is
referred to as M-ary coding. Noise present
in all communications channels sets a practical
limit on the number of states that can be applied
in coding.

TELETYPEWRITER (TTY) CODES

Codes for TTY message communications are
usually 5-bit codes. The two states of a bit are
space and mark. Many TTY machines operate on
a “‘start-stop’’ basis; that is, each character is
preceded by a start bit (a space), and followed
by a stop bit (a mark). The start and stop bits
synchronize the TTY machines on both ends of
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the circuit. Thus, each TTY character in this mode
uses seven bits.

To accommodate the 26 letters of the English
alphabet, the numbers 0 through 9, punctuation
marks, various symbols, and escape characters
are used. Two of the possible code sequences
are assigned to these characters. The escape
characters provide the equivalent of the shift
key on a typewriter, which shifts from lower case
to upper case, or vice versa. In TTY usage, all
code sequences following the letters case escape
character represent letters, and those following the
figures case escape character represent numerals
or symbols. The figures case has enabled the
formulation of specialized alphabets for military,
Teletypewriter Exchange (TWX), Telex, weather,
and other communications services. Figure AI-3
illustrates the 5-bit TTY code as applied to
certain specialized services. The letters case is the
same in all the alphabets. When combined with
the figures case for International Telegraph
Alphabet (ITA) No. 2, it becomes the complete
ITA No. 2 code recommended for international
use by the International Telephone and Telegraph
Consultative Committee (CCITT).
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Figure Al-2.—Coding capacity of bit series.
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COMPUTER
COMMUNICATIONS CODES

Most computer input and output devices
operate on continuous alphanumeric serjes. They

WRU - WHO ARE You ?

NAI-NOT ALLOCATED INTERNATIONALLY

are not equipped to handle the escape characters
for shifting letters and figures that augment the
capacity of the 5-bit TTY codes. Consequently,
a separate code sequence is required for each
different computer data character. For binary
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Figure AI-3.—Five-bit TTY codes used in the United States.
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DECIMAL

DIGIT BCD
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001

Figure AI-4.—BCD notation.

coding (the type most commonly used in com-
puter applications), this means that a code
sequence must have more than 5 bits simply
to represent the letters of the alphabet and
the numbers 0 through 9. Add to this the
characters for punctuation, symbols, and con-
trol functions, and the need for higher capa-
city codes becomes evident.

Binary Coded Decimal
(BCD) Notation

The basis for certain higher capacity codes is
BCD notation. In this notation, each decimal
number is represented by a group of four bits.
See figure AI-4.

Excess-3 BCD Code

In a transmission based on straight BCD
notation, there would be no distinction be-
tween the code for zero (0000) and the absence
of signal. See figure AlI-4. To avoid confusion

Al-4

DECIMAL EXCESS-3
DIGIT BCD
0 0011
1 0100
2 0101
3 0110
4 01
5 f 1000
6 1001
7 1010
8 1011
9 1100

Figure AI-5.—Excess-3 BCD code.

of the two, excess-3 BCD code uses the binary
notation for three to represent zero. Each
of the other nine numbers is represented by
the binary equivalent of the number plus three,
shown in figure AI-S.

Six-Bit Code

The BCD and excess-3 codes have a coding
capacity of 16 characters. Therefore, they are
adequate to handle numerical data. But, they
cannot handle 10 numbers plus the 26 letters
of the alphabet (or 36 characters in all); neither
can a 5-bit code, since it provides only 32
characters. A 6-bit code is needed, even though
it provides 64 characters—more than are actu-
ally needed. A 6-bit code can be formulated
by using the BCD notation and applying a
technique known as zone-bit coding. In this
technique, the basic 16-character BCD set is
repeated four times. Each time, it is com- ‘
bined with a different set of two bits, known
as zone bits, that precede each 4-bit BCD
sequence to form 6-bit sequences. See figure
Al-6. -



Extended Binary Coded Decimal symbols, and control characters) they can repre-
Interchange Code (EBCDIC) sent the letters in only the upper case. To
provide for both upper and lower cases, EBCDIC

Although the 64 characters provided by applies 4 zone bits to the basic BCD set.

the 6-bit code are adequate to represent This results in 8-bit sequences, giving a coding
all letters and numbers (plus punctuation, capacity of 256 characters. EBCDIC is illustrated

ZONE CHARACTER CODE ZONE CHARACTER CODE
5 100000

A 000001 6 100001

B 000010 7 100010

C 000011 8 100011

D 000100 9 100100

£ 000101 + 100101

F 000110 - 100110

00 G 000111 10 * 100111
H 001000 / 101000

[ 001001 ( 101001

J 001010 ) 101010

K 001011 $ 101011

L 001100 = 101100

M 001101 BLANK 101101

N 001110 s 101110

0 001111 . 101111

P 010000 # 110000

Q 010001 5 110001

R 010010 110010

S 010011 % 110011

T 010100 " 110100

U 010101 — 110101

v 010110 ! 110110

01 W 01011 1 & 101N
X 011000 ! 111000

Y 011007 ? 111001

VA 011010 < 111010

0 011011 > 1110N

1 011100 @ or < 111100

2 011101 \ or 2 111101

3 011110 A 111110

4 0111 H IRRRRR!

Figure AI-6.—Typical 6-bit BCD code.
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in figure AI-7. Note that it includes a number of
control characters.

American Standard Code for
Information Interchange (ASCII)

ASCII is the latest effort of the common
carriers and computer communications industry

in the United States to produce a universal
common language code. It has been adopted by
the American National Standards Institute (ANSI)
and is currently the standard code for computer
communications. Although individual computers
use different internal codes for word storage and
character displays, ASCII is the most widely used.

0 —te 0 0 0 0 0 0 0 0
BIT 1 —f0 0 0 0 1 1 1 1
LEVELS 2 ——0 0 1 1 0 0 1 1
|4567 3 1—=0 1 0 1 0 1 0 1
¥ 0000 NUL 0S sp & -

0001 S0S /

0010 1 fs

0011 ™

0100 PF RES BYP PN

0101 HT NL LF RS

0110 LC BS EOB uc

0111 DEL 0L PRE EOT

1000 EOM

1001 .

1010 cc M ¢ !

1011 ] $ , #

1100 < * V3 @

1101 ( ) _ '

1110 + : > =

1 | (NOT) ? "

0 —e1 1 1 1 1 1 1 1

BIT 1—}=0 0 0 0 1 1 1 1
LEVELS 2——0 0 1 1 0 0 1 1
| 4567 3—+—0 1 0 1 0 1 0 1
4 0000 0

0001 a j J 1

0010 b k s B K S 2

0011 c 1 t C L T 3

0100 d m u D M U 4

0101 e n v E N v 5

0110 f 0 W F 0 W 6

0111 g P X G P X 7

1000 h q y H Q Y 8

1001 i r z I R y4 9

1010

101

1100

1101

110

1111

Figu;e AI-7.—EBCDIC code.
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It uses 7 bits, providing 128 possibilities. See
figure AI-8.

CCITT No. 5 Code

This is a 7-bit code similar to ASCII. See
figure AI-9.

Pseudorandom Coding
Pseudorandom coding generates a long string

of code bits that appear to be in random
sequence when, in reality, the bit sequence

represents a definite code. It is formed by
first assigning a number to each character in
accordance with its position in the alphabet
or list of characters (for example,a = 1,b = 2,
z = 26). Then, a different number, drawn
from a series of random numbers, is added to
each character number in the message. The
resulting series of numbers is transmitted. On
reception, the same random numbers th4t were
added before transmission are subtracted from
the received series to yield the message num-
bers. These numbers are then converted back
into alphabet characters.

BIT NUMBERS N N I
ol 0 | 0 v oo |0 |
l l r o of 7 ol 1| ol | of

b7 | b6 | b5 | ba |63 | b2 | BI]\ COL
~| o | 1 23l a5 |6 |7

1 l l l l 1 RO}
ololofo| o Jwmujoe| se]o ] e | P |~ |op
olo o] v ]su]oaa| + |1 ] Aa]a]| a|q
olo {1 ]ol 2 {sx|oce| » |28 | R |b |0
olo v [v] 3 Jex|os| # [ 3| c | s | c|s
of1]ofo| 4 {eorfoca| s [a | 0| T | d |t
ofr{olr] s |enaf[wk]| 2« | 5| e | u | e | u
of1 {1 ]o) 6 Jack|[sw]| & [ 6| F | v ]| |V
ol v ] 7 leefem| |76 | w | a]w
1lofofo] 8 | esfem| ¢ [ 8w | x| n | x
ool ol wrl em| y [ o] 1 [ v | i]y
olv o] 1o} vrfsw| «~ | a]z]| 3|z
ol 1] o vilese|l « | s x| 0|« |
i lofol w2 | el s . <t | N
1y jofr} 3] Rl 6| - | =fm |1 ]|m }
i o]l w | sol rs| . |>] v A] |~
Vvl oss st ous| s 2| o ] o [oee

,

Figure AI-8.—ASCII code.
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BIT NUMBERS

of1 10 }1 5 TCS
1 (10 6 TC6

o O

S I 7 BEL
01010 8 FEO
01011 9 FE1

1fo |1 1]0 10 FE2
011 |1 N FE3

0 12 FE4

1 13 FES

oo o {o fo | |1 |1 |3

| 0o | o 1o o |1 |

1' [ | ol ol 1| of 1] of T
b7 | b6 | b5 | b4 | b3 | b2 | b1\ COL

~l o] v |2 3| a]s |6 |7
e
4

ofoJo o] o [nL|Tc7 ] e ]o | e P | |op

olo o] v ftaloan | v A | a | q

olo |1 |o| 2 f{tcefocc| « | 2|8 | R |b |

ofo{v 1) 3 |tslos| # | 3] c|s | c|s

1 ool o |tcaloca| a0 ]| 1] 4]t

TC8 % 5 E U e u
TC9 & 6 F v f v
ol 2|7l e | w | g | w
CAN ( 8 H X h X

EM ) 9 I Y i y

suB | * : J 4 j z
ESC | + ; K ( k {
1s4 |, < |t \ 1 |
1S3 | - = M ] m ]
1s2 | . > N | A n ~
0 o | DEL

IS1 / ?

Figure AI-9.—CCITT No. 5 code.

From the point of view of secure communi-
cations, the code has a drawback in that the
series of random numbers must be somehow
conveyed to the receiving end for decoding.
This poses the possibility of interception. To
prevent interception, the terminals of a secure
system use a formula; however, they are not
truly random numbers and are referred to as
pseudorandom.

A pseudorandom code can be broken. There-
fore, it is normally used with other means, such
as changing formulas at prearranged times,

replacing message words with other words,
replacing characters with other characters, and
scrambling the characters.

Hamming. Codes

Hamming codes are error detection and
correction codes. They operate by adding bits,
known as parity check bits, to the digital message.
These bits form odd or even patterns of Os or 1s
before transmission. Odd or even patterns,
whichever have been assigned on transmission,

Al-8



must then be recognized on reception to indicate
error-free transmission.

DATA TRANSMISSION FORMATS

Computers, computer terminals, teletype-
writers, and certain switching systems operate on
information in bit form. For the equipment to
perform the required operations at the right times,
however, control information must be sent along
with the message. This information cannot simply
be interspersed at random with the message bits.
It must be transmitted at prescribed intervals. For
this reason, transmissions are divided into units
that are then framed by the control information.
These units may be characters, blocks, or
messages, depending on the type of transmission
and control information being transmitted.

Characters

Many TTY machines are designed for start-
stop operation, in which each character is
preceded by a start bit (space) and followed by
a stop bit (mark). This synchronizes the TTY
machines at both ends of the circuit, enabling
them to correctly interpret the sequences of marks
and spaces that represent characters.

Blocks

Digital data can also be divided into blocks
of characters. Block sizes generally follow the
format of punched cards, in particular, the IBM
80-column cards. This is the case in AUTODIN.
A block has 80 message characters, plus control
characters. There are usually 4 control characters,
giving a block length of 84 characters. The
control characters frame the message characters,
two before and two after. Blocks may also be of
variable length, provided they remain framed by
control characters.

Messages

For routing and accounting purposes, digital
data transmissions are divided into messages. For

AI-9

correct routing, each message contains the name
and location of the addressee. For accounting and
inquiry purposes, it also contains record informa-
tion, such as the message number and time logged.

Words

Another division of a digital data message has
no bearing on formatting. It is used to describe
the operating speed of TTY equipment. In TTY
service, words are somewhat arbitrarily defined
as being six characters long (five characters and
a space). TTY speeds are rated in words per
minute (wpm).

CONTROL CHARACTERS

Many of the codes shown in this appendix
include control characters. The TTY codes, for
example, include figures-shift and letters-shift
escape characters, carriage return, and line feed
characters for carriage control. In addition to
these equipment control characters, there is a need
for the control of message routing and error
detection and correction.

ENCRYPTION OF DIGITAL DATA

When digital messages are encrypted for
secure communications, the encryption is done
after the messages have been digitally encoded.
The process is performed by key generators that
operate on the digitally encoded data to convert
them to an encrypted form.

Encryption can be either of two types: bulk
or end-to-end. In bulk encryption, transmissions
from a number of communications channels at
one terminal are encrypted by a single key
generator. In end-to-end encryption, each
channel is encrypted by its own key generator.
A matching key generator at the other end of
the channel performs the decryption function.
Bulk encryption requires fewer key generators;
however, it is less secure, since decryption must
take place at network nodes and switching points.
In end-to-end encryption, the message remains in
encrypted form for its entire transmission route.



APPENDIX II
OSCILLOSCOPE CONTROL COMPONENTS

INTRODUCTION

This appendix discusses the various oscillo-
scope control components and their functions.
It also gives detailed figures representing the
components.

OSCILLOSCOPES

Although the Cathode Ray Tube (CRT) is a
highly versatile device, it cannot operate without
control circuits. The type of control circuits
required depends on the purpose of the CRT
equipment.

Oscilloscopes vary from relatively simple test
instruments to highly accurate laboratory models.
Although they have different types of circuits,
most of them can be divided into the basic sections
shown in figure AII-1:

° aCRT,

a power supply,

e a sweep circuitry, and
e a deflection circuitry.

Figure AII-2 is a drawing of the front panel
of a dual-trace, general-purpose oscilloscope.
Oscilloscopes vary greatly in the number of:
controls and connectors. Usually, the more
controls and connectors, the more versatile the
instrument. Regardless of the number, all oscillo-
scopes have similar controls and connectors. Once
you learn the fundamental operation of these
common controls, you can move with relative
ease from one model of oscilloscope to another.
Occasionally, controls that serve similar functions
will be differently labeled from one model to
another. However, you will find that most
controls are logically grouped and that their
names usually indicate their function.

DUAL-TRACE OSCILLOSCOPE

The dual-trace oscilloscope, shown in figure
AlI-2, accepts and displays two vertical signal
inputs at the same time—usually for comparison
of the two signals or of one signal and a

HORIZONTAL
DEFLECTION
AMPLIFIER
HORIZONTAL o-——og e \r
INPUT I
= | SWEEP
GENERATOR CRT :3;’:&
EXT. SYNC ] .
SIGNAL A
oL VERTICAL \./ <&
VERTICAL DEFLECTION X —
SIGNAL AMPLIFIER
INPUT o:_l_— \/

289.36

Figure AIl-1.—Block diagram of an oscilloscope.
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Figure AII-2.—Dual-trace oscilloscope.
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Figure AII-3.—CRT display and graticule.

reference signal. In this case it is used as a
single-trace oscilloscope. The oscilloscope in the
figure is the Model AN/USM-425. You may use
this model or one very similar to it. Let’s look
at the front panel controls first.

Components Used to
Display the Waveform

The CRT display screen displays the signal.
See figure AII-3. It allows you to make accurate
measurements by using the vertical and horizon-
tal graticules.

Components Used to Adjust
the CRT Display Quality

The controls shown in figure AII-4 allow you
to adjust for a clear signal display. They also allow
you to adjust the display position and magnify
the horizontal trace by a factor of 10 (X10). Each
of these controls is explained in the following
sections. Don’t forget that you will see them
called by different names, depending on the
manufacturer. :
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ASTIGMATISM
AND FOCUS

USED TO ADJUST FOR
A WELL DEFINED CRT

DISPLAY
TRACE ROTATION POSITION
USED TO ALIGN THE TRACE WITH USED TO HORIZONTALLY
THE HORIZONTAL GRATICULE POSITION THE CRT DISPLAY
\
«—»
INTEN ASTIG SCALE ILLUM &OSITION
10X MAG

O s

AN ~

X10 MAGNIFIER

BEAM FINDER

INTENSITY

CONTROLS THE BRIGHTNESS

OF THE CRT DISPLAY

USE TO LOCATE BEAM ON CRT OF THE CRT DISPLAY TO BE

ALLOWS THE HORIZONTAL PORTION
MAGNIFIED 10 TIMES

289.38

Figure AII-4.—Quality adjustment for CRT display.

INTENSITY CONTROL.—The INTENSITY
control (sometimes called BRIGHTNESS) adjusts
the brightness of the beam on the CRT. It is
rotated in a clockwise direction to increase the
intensity of the beam. You can adjust it to a
minimum brightness level that is comfortable for
viewing.

FOCUS CONTROL AND ASTIGMATISM
CONTROL.—The FOCUS control adjusts the
beam size. The ASTIGMATISM control adjusts
the beam shape. These two controls are adjusted
together to produce a small, clearly defined
circular dot. When you display a line trace, these
same controls produce a well-defined line. View
A of figure AII-5 shows an out-of-focus beam
dot. View B shows the beam in focus. Views C
and D show out-of-focus and in-focus traces,
respectively.

(A) (B)

(c) (D)

Figure AII-S.L—Effects of focus and astigmatism controls.
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(A) (8) (c)

(0) (£)

Figure AII-6.—Effects of horizontal and vertical posi-
tioning controls.

TRACE ROTATION CONTROL.—The
TRACE ROTATION control, shown in figure
AIl-4, allows for minor adjustments of the
horizontal portion of the trace. You can align it
with the horizontal lines on the graticule.

BEAM FINDER.—Occasionally, the trace
will actually be located off the CRT (up or down,
to the left, or to the right) because of the
orientation of the deflection plates. When pushed,
the BEAM FINDER pulls the beam onto the
screen so that you can use the horizontal and
vertical positioning controls to center the spot.
See figure All-4.

HORIZONTAL AND VERTICAL POSI-
TION CONTROLS.—The horizontal and vertical
POSITION controls, shown in figure All-4, are
used to position the trace. Because the graticule
is often drawn to represent a graph, some
oscilloscopes have the positioning controls labeled
to correspond to the X and Y axes of the graph.
The X axis represents horizontal movement; the
Y axis represents vertical movement.

Figure AII-6 shows the effects of positioning
controls on the trace. In view A, the horizontal
control has been adjusted to move the trace too
far to the right. In view B, the trace has been
moved too far to the left. In view C, the vertical
positioning control has been adjusted to move the
trace too close to the top. In view D, the trace
has been moved too close to the bottom. View
E shows the trace properly positioned:

X 10 MAGNIFIER.—The X10 MAGNIFIER
switch magnifies the displayed signal by a factor
of ten in the horizontal direction. See figure AlI-4.
This ability is important when you need to expand
the signal to evaluate it carefully.

Components Used to Determine
the Amplitude of a Signal

The components in this section of the scope
are used to determine the signal amplitude. Notice
in figure AII-7 that the section at the upper left
of the scope looks just the same as the section at
the lower left of the scope. This reveals the
dual-trace capability section of the scope. The
upper left section is the CHANNEL 1 input. It
is the same as the CHANNEL 2 input at the lower
left. An input to both inputs at the same time
will produce two independent traces on the CRT
and will use the dual-trace capability of the
scope.

For the purpose of this introductory dis-
cussion, we will present only CHANNEL 1. You
should realize that the information presented also
applies to CHANNEL 2.

POSITION CONTROL.—The vertical POSI-
TION control allows you to move the beam
position up or down, as discussed earlier.

INPUT CONNECTOR.—The vertical IN-
PUT (or SIGNAL INPUT) jack connects the
signal to be examined to the vertical deflection
amplifiers. Some oscilloscopes may have two
input jacks, one labeled AC and the other
labeled DC. Other models may have a single
input jack with an associated switch, such
as the AC-GND-DC switch shown in figure AII-7.
This switch is used to select the AC or DC
connection. In the DC position, the signal is
connected directly to the vertical deflection
amplifier; in the AC position, the signal is
first fed through a capacitor. Figure AII-8
shows the schematic of one arrangement.

VERTICAL DEFLECTION AMPLIFIER.—
The vertical DEFLECTION AMPLIFIER in-
creases the amplitude of the input signal level
required for the deflection of the CRT beam.
The deflection amplifier must not have any
other effect on the signal, such as changing
the shape (called distortion). Figure AII-9 shows
the results of distortion occurring in a deflection
amplifier.
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POSITION

VERTICALLY

ALLOWS THE CRT DISPLAY
DISPLAY TO BE MOVED

INPUT

1 OF THE SCOPE

CONNECTS THE INPUT
SIGNAL TO CHANNEL

POSITION

1Ma 20pF

AC DC
GRD UNCAL

CH1

[ORrX]

VOLTS/DIVISION
SELECTS THE VERTICAL
DEFLECTION FACTOR OF
THE CRT DISPLAY

ATTENUATOR
CONTROLS

VARIABLE

PROVIDES VARIABLE (FINE)
DEFLECTION ADJUSTMENTS
BETWEEN THE CALIBRATED
SETTINGS

AC-GND-DC

SELECTS HOW THE INPUT SIGNAL IS
COUPLED TO CHANNEL 1 OF THE SCOPE

UNCALIBRATED

INDICATES WHEN THE VAR POSITION OF THE
VOLTS/DIV CONTROL IS IN THE
UNCALIBRATED (VARIABLE) POSITION

Figure AII-7.—Components that determine amplitude.

DC

VERTICAL
mPutoj_;j—
°acl

VERTICAL
DEFLECTION
AMPLIFIER

Figure AII-8.—Vertical input arrangement.

INPUT

289.39

DEFLECTION OUTPUT
AMPLIFIER

Figure AII-9.—Deflection amplifier distortion.
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Y AN Y

ATTENUATOR CONTROL.—An amplifier
can handle only a limited range of input ampli-
tudes before it begins to distort the signal. Signal
distortion is prevented in oscilloscopes by the
incorporation of circuitry that permits adjustment
of the input signal amplitude to a level that pre-
vents distortion from occurring. This adjustment
is called the ATTENUATOR control in some
scopes (VOLTS/DIV and VAR in figure AII-7).
These controls extend the usefulness of the oscillo-
scope by enabling it to handle a wide range of
signal amplitudes.

The attenuator usually has two controls: a
multiposition (VOLT/DIV) switch, and a variable
potentiometer (VAR). Each switch position may
be marked either as to the amount of voltage
required to deflect the beam a unit distance, such
as VOLT/DIV, or as to the amount of attenuation

......

CHANNEL 1

APPLIED TO THE CHANNEL 1
INPUT CONNECTOR

DISPLAYS ONLY THE SIGNALS

289.40

Figure AII-11.—Vertical deflection controls.
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(called the deflection factor) given to the signal.
If a sine wave occupied 4 divisions peak-to-peak,
its amplitude would be 2 volts peak-to-peak
(4 x 0.5), as shown in figure AII-10.

The vertical attenuator switch (VOLTS/DIV
in figure AII-7) provides a means of adjusting the
input signal level to the amplifiers by steps. These
steps are sequenced from low to high deflection
factors. The potentiometer control (VAR in figure
AII-7) provides a means of fine, or variable, con-
trol between steps. This control may be mounted
separately, or it may be mounted on the atten-
uator switch. When the control is mounted sep-
arately, it is often marked as FINE GAIN or
simply GAIN. When mounted on the attenuator
switch, it is usually marked VARIABLE or VAR.

The VARIABLE control adds attenuation to
the switch step that is selected. Since accurately
calibrating a potentiometer is difficult, the
VARIABLE control is either left unmarked, or
the front panel is marked off by some convenient
units, such as 1-10 and 1-100. The attenuator
switch, however, can be accurately calibrated. To
do this, you turn off the VARIABLE control to
remove it from the attenuator circuit. This

position is usually marked CAL (calibrate) on the
panel, or an associated light indicates if the VAR
control is on or off. In figure AII-7, the light
UNCAL indicates the VAR control is in the
uncalibrated position.

Components Used to Select
the Vertical Operating Mode

As we discussed earlier, CHANNEL 1 is being
used to discuss the basic operating procedures for
the oscilloscope. Figure AII-11 shows how the
vertical mode of operation is selected. The VERT
MODE section contains switches that enable you
to select CHANNEL 1 or CHANNEL 2, and
several other vertical modes of operation. For the
present discussion, note only that CHANNEL 1
is selected by these switches.

Components Used to Determine the
Period Time of the Display

The TIME/DIV controls on the scope deter-
mine the period time of the displayed waveform.
See figure AII-12. The sweep generator develops

A TIME/DIVISION

SELECTS THE
HORIZONTAL SWEEP
RATE

X10
MAG

INDICATOR
INDICATES THAT THE
DISPLAY SWEEP 1S
MAGNIFIED BY 10

UNCAL

UNCALIBRATED INDICATOR
INDICATES WHEN THE
VARIABLE PORTION OF
THE A and B TIME/DIV
CONTROL IS IN THE
VARIABLE {UNCALIBRATED)
POSITION

Aand B TIME/DIV and
DELAY

VARIABLE

PROVIDES VARIABLE
SWEEP RATES
BETWEEN THE
CALIBRATED
SETTINGS OF THE
A TIME /DiV
SETTINGS

289.41

Figure AII-12.—Period time of the waveform.
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the sawtooth waveform that is applied to the
horizontal deflection plates of the CRT. This
sawtooth voltage causes the beam to move across
the screen. This trace (sometimes called SWEEP)
sets the frequency of the TIME BASE of
the oscilloscope. The time base frequency is
variable, and enables the oscilloscope to accept
a wide range of input frequencies. Again,
two controls are used: a multiposition switch
(TIME/DIV) that changes the frequency of
the sweep generator in steps, and a poten-
tiometer (VAR) that varies the frequency be-
tween steps. Each step on the TIME/DIV switch
is calibrated. The front panel has markings
that group the numbers into microseconds and
milliseconds.

The potentiometer is labeled VAR, and
the panel has an UNCAL indicator that lights
when the VAR control is in the VARIABLE
position. When you want to accurately measure
the time of one cycle of an input signal,
turn the VARIABLE control to the CAL posi-
tion and turn the TIME/CM switch to select
an appropriate time base. Suppose you choose
the 0-microsecond position to display two cycles
of an input signal, as shown in figure AII-13.
One cycle occupies 3 centimeters along the
horizontal axis. Each centimeter has a value
of 10 microseconds. Therefore, the time for
one cycle equals 30 microseconds (3 x 10).
Recall that the frequency for a signal may
be found by using the following procedure.

fo 1 1

= = = 33.33 kHz
time () 30x10°°

In selecting a time base, select one that
is lower in frequency than the input signal.
If the input signal requires 5 milliseconds
to complete one cycle, and the sawtooth is
set for 0.5 milliseconds per centimeter with
a l0-centimeter-wide graticule, then approx-
imately one cycle will be displayed. If the
time base is set for 1 millisecond per centi-
meter, approximately two cycles will be displayed.
If the time base is set a frequency higher
than the input frequency, only a portion of
the input signal will be displayed.

In the basic oscilloscope, the sweep generator
runs continuously (free-running); in more elab-
orate oscilloscopes, it is normally turned off. In
the oscilloscope we’re using as an example, the
sweep generator can be triggered by the input

signal or by a signal from some other source.
This type of oscilloscope is called a triggered
oscilloscope. It permits more accurate time
measurements to be made and provides a more
stable presentation.

On some oscilloscopes, you will find an X10
MAGNIFIER control. As previously mentioned,
that is to allow the displayed sweep to be
magnified by a factor of 10.

Components Used to Provide
a Stable Display

The TRIGGER and LEVEL controls syn-
chronize the sweep generator with the input signal.
This provides a stationary waveform display. If
the input signal and horizontal sweep generator
are unsynchronized, the pattern tends to jitter and
observations are difficult.

The A TRIGGER controls at the lower
right of the scope control the stability of the
oscilloscope CRT display. See figure AII-14.
They permit you to select the source, polarity,
and amplitude of the trigger signal. These
controls are the TRIGGER SOURCE, LEVEL,
and SLOPE.

TRIGGER SOURCE.—The TRIGGER
SOURCE control allows you to select the
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Figure AII-13.—Time measurement of a waveform
(TIME/DIYV).
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appropriate source of triggering. You can select
input signals from channels 1 or 2, the line (60
hertz), or an external input.

TRIGGER LEVEL AND SLOPE CON-
TROLS.—The TRIGGER LEVEL control allows
you to select the amplitude point of the trig-
ger signal at which sweep is triggered. The

TRIGGER SLOPE control lets you select the
negative or positive slope of the trigger sig-
nal at which the sweep is triggered.

The TRIGGER LEVEL (mounted with the
TRIGGER SLOPE on some scopes) determines
the voltage level required to trigger the sweep. For
example, in the TRIGGER modes, the trigger is
obtained from the signal to be displayed. The

UPEING SOURCE
: NORM

CH1

CH2

LINE

EXT

EXT
+10

SOURCE -

SELECTS THE
TRIGGER SOURCE

A TRIGGER
LEVEL

LEVEL-

SELECTS THE
AMPLITUDE POINT ON
THE TRIGGER AT
WHICH THE SWEEP
IS TRIGGERED

N—oJ SLOPE -
i SELECTS EITHER THE
POSITIVE OR NEGATIVE
SLOPE OF THE
TRIGGER TO TRIGGER
THE SWEEP

289.43

Figure All-14.—Components that control stability.
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SLOPE = + SLOPE = —
LEVEL = 0 LEVEL = O

(A) (8)

N\ / N\
N I\

SLOPE = + SLOPE = +
LEVEL = + LEVEL = —

(c) (D)

N /]
\_/

/

SLOPE = — SLOPE = —
LEVEL = + LEVEL = —

(E) (F)

Figure AII-15.—Effects of slope and level trigger controls.

setting of the LEVEL control determines the
amplitude point of the input waveform that will
be displayed at the start of the sweep.

Figure AII-15 shows some of the displays for
a channel that can be obtained for different
TRIGGER LEVEL and TRIGGER SLOPE
settings. The level is zero and the slope is
positive in view A. View B also shows a zero
level, but a negative slope selection. View C
shows the effects of a positive trigger level
setting with a positive trigger slope setting.
View D displays a negative trigger level setting
with a positive trigger slope setting. Views E and
F have negative slope settings. The difference
is that E has a positive trigger level setting,
while F has a negative trigger level setting.

In most scopes, an automatic function of
the trigger circuitry allows a free-running trace
without a trigger signal. However, when a
trigger signal is applied, the circuit reverts to
the triggered mode of operation and the sweep

is no longer free-running. This action provides
a trace when no signal is applied.

Synchronization is also used to cause a
free-running condition without a trigger signal.
Synchronization is not the same as triggering.
Triggering refers to a specific action or event
that initiates an operation. Without this event,
the operation would not occur. In the case
of the triggered sweep, the sweep will not be
started until a trigger is applied. Each succeeding
sweep must have a trigger before a sweep com-
mences. Synchronization, however, means that
an operation or event is brought into step
with a second operation. A sweep circuit that
uses synchronization instead of triggering will
cause a previously free-running sweep to be
locked in step with the synchronizing signal.
The trigger level control setting can be increased
until synchronization occurs. But, until that
time, an unstable pattern will appear on the
CRT face.

COMPONENTS USED TO
SELECT SCOPE TRIGGERING

The TRIG MODE section in figure AII-16
allows for automatic triggering or normal trig-
gering. In automatic (AUTO), the triggering
will be free-running in the absence of a proper
trigger input, or it will trigger on the input
signal at frequencies above 20 hertz. In normal
(NORM), the vertical channel input will trigger
the sweep.

SIMILARITIES AMONG
OSCILLOSCOPES

The oscilloscope you use may differ in
some respects from the one just covered. Con-
trols and circuits may be identified by dif-
ferent titles. Many of the circuits will be
designed differently. However, all of the func-
tions will be fundamentally the same. Before
using an oscilloscope, you should carefully
study the operator’s manual that comes with it.

GETTING A PATTERN
ON THE SCREEN

When adjusting a pattern onto the screen,
adjust the INTENSITY and FOCUS controls
for a bright, sharp line. If other control settings
are such that a dot instead of a line appears,
turn down the intensity to prevent burning a
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hole in the screen coating. Because of the dif- NUMBER OF CYCLES
ferent speeds at which the beam travels across ON THE SCREEN
the screen, brightness and sharpness will vary at

various frequency settings. For this reason, you Because distortion may exist at the beginning
may have to adjust the INTENSITY and FOCUS and the end of a sweep, it is better to place
controls occasionally while taking readings. two or three cycles of the waveform on the

TRIG
MODE
AUTO AUTO-
. ALLOWS SIGNALS ABOVE 20 HERTZ
TO TRIGGER THE SWEEPS
HORIZONTAL SWEEP CIRCUITRY
NORM

T~/ NORMAL-

b ALLOWS THE VERTICAL CHANNEL
s - INPUT SIGNALS TO TRIGGER THE
HORIZONTAL SWEEP

--------
--------

--------
------

------
------

.
ooooooooooooooooooooooooo

289.44
Figure AIl-16.—Components to select triggering.
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Figure AII-17.—Proper signal presentation.

screen instead of just one, as shown in figure
All-17.

The center cycle of three cycles provides you
with an undistorted waveform in its correct phase.
The center of a two-cycle presentation will appear
inverted, but it will be undistorted. For you to
be able to place waveforms on the CRT in this
manner, you must understand the relationship
between horizontal and vertical frequencies. The
relation between the frequencies of the waveform
on the vertical plates and the sawtooth on the
horizontal plates determines the number of cycles
on the screen, as shown in figure AII-18.

The horizontal sweep frequency of the scope
should always be kept lower than, or equal to,
the waveform frequency; it should never be
higher. If the sweep frequency were higher, only
a portion of the waveform would be presented on
the screen.

{ 1CYCLE | {2 CYCLES i3 CYCLES
! 1 i 1 ! !
INPUT SIGNAL | ! Vo 5
DISPLAYED : | : :
1
! b o ‘
: U P :
! 1 1
I 1 ]
: : :
HORIZONTAL 17 . v
SWEEP HORIZONTAL ~ HORIZONTAL  HORIZONTAL
EQUAL TO 1/2 INPUT 1/3 INPUT
INPUT FREQUENCY FREQUENCY
FREQUENCY
289.49
Figure AII-18.—Vertical versus horizontal frequency rela-
tionship.

If, for example, three cycles of the waveform
were to be displayed on the screen, the sweep
frequency would be set to 1/3 the frequency
of the input signal. If the input frequency were
12,000 Hz, the sweep frequency would be set at
4,000 Hz for a three-cycle scope presentation.
For two cycles, the sweep frequency would be set
at 6,000 Hz. If a single cycle were desired, the
setting would be the same as the input frequency,
12,000 Hz.

DUAL-TRACE CAPABILITY

The information presented in the previous
sections are a general overview of the basic,
single-trace oscilloscope operation. However,
you may be using dual-trace operation. Dual-trace
operation allows you to view two independent
signal sources as a dual display on a sin-
gle CRT. This allows an accurate means of
making amplitude-, phase-, or time-displacement
comparisons and measurements between two
signals.

A dual-trace oscilloscope should not be con-
fused with a dual-beam oscilloscope. Dual-beam
oscilloscopes produce two separate electron
beams on a single scope that can be individually
or jointly controlled. Dual-trace refers to a
single beam in a CRT that is shared by two
channels.
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APPENDIX 11I

DIGITAL DATA TEST SET, DIGITECH-2002
AND
DIGITAL DATA DISTORTION TEST SET,
AN/USM-329(V)

INTRODUCTION

This appendix discusses both the Digital Data
Test Set, DIGITECH-2002, and the Digital Data
Distortion Test Set, AN/USM-329(V). The tables
following the figures explain the operations of
each module.

DIGITAL DATA TEST SET,
DIGITECH-2002

The Digital Data Test Set, DIGITECH-2002,
uses a modular concept to provide equipment that
will meet the individual needs of the user. Every
module in this line makes full use of the latest
integrated circuit design techniques to produce a
highly accurate precision test instrument. This
analyzer/generator is used in the field of data
communications to determine signal line quality
and to assure performance standards of related
communications equipment. See figure AIII-1.

TYPICAL OPERATING PROCEDURES

With the generator POWER switch set to
the OFF position, verify that the rear panel
115/230-VAC switch is set to the position that
corresponds with the available power source.
Once the correct power source is established,
proceed with the following steps:

1. Set the generator PWR switch to the OFF
position.

2. Connect the AC power cord to a con-
venient 115- or 230-volt AC power source and set
the AC PWR switch to the ON position.

3. Make the external battery connections, if
a high-level output is required.

4. Set the POLARITY and TIMING switches
as follows for low-level outputs, via the front
panel ““D’’ connector or rear panel terminal block:

a. Set the POLARITY switch for the
desired output, EIA or MIL.

b. Set the TIMING switch for the desired
timing source, INT or EXT. - -
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Figure AIII-1.—Analyzer/Generator, Digital Data Test Set, DIGITECH-2002.
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5. Connect a patch cord from the appro-
priate output jack (EIA or HI LVL) to the
equipment under test.

6. Set the BAUD RATE thumbwheel and
the MULTIPLIER switches for the desired
operating speed.

7. Set the CHARACTER RELEASE switch
to FREE RUN.

8. Set the FUNCTION select switch to any
position labeled MK.

9. Set the CODE LEVEL switch to the 5-,
6-, 7-, or 8-level code positions as required by the
equipment under test.

. 10. Set the STOP LENGTH switch to either
the 1.0, 1.5, or 2.0 position to generate a
start/stop signal. Set the STOP LENGTH switch
to the 0.0 position to generate synchronous
characters (no start/stop pulse).

11. Set the ASCII MSG switches as follows
when generating the 8-level “FOX’’ message:

a. Set the BIT #6 switch to the UP CASE
position to generate upper case characters or to
the LOW CASE position for lower case char-
acters. (NOTE: When transmitting the ‘“FOX’’
message in 7-level EBCD or 6-level teletype code,
the BIT #6 switch must be set to the UP CASE
position.)

b. Set the BIT #8 PARITY switch to the
ODD position for generating off parity, to the
EVEN position for even parity, or to MARK
position, which sets the eighth bit of each
character to mark.

12. Set the TYPE DIST switch to the position
that indicates the type of distortion desired:
1 (marking bias), 2 (spacing bias), 3 (switching
bias), 4 (marking end), and 5 (spacing end).

13. Set the UNITS and TENS % DIST
switches to the desired amount of distortion from
0 to 40% in 1% increments.

14. Program the selected characters BIT
SELECT switches on the CM front panel for the
desired two-character sequence. (NOTE: The
selected characters are generated only in the SEL
CHAR and MSG & SEL CHAR positions of the
FUNCTION select switch. In any other posi-
tion of the FUNCTION select switch, the
selected character BIT select switches need not be
programmed.)

15. Set the generator AC PWR switch to the
ON position and apply power to the equipment
under test.

16. Adjust the loop current for the correct
value, if the high-level output is used.

17. Set the FUNCTION select switch for the
desired output, and note that the SIGNAL lamp
flashes to indicate activity at the data output.

(NOTE: The positions of the generator con-
trols may be changed during operations, as
required, for complete testing of the external
equipment, but, under no circumstances, are
modules to be removed while the AC PWR switch
is in the ON position.)

ANALYZER OPERATING
CHARACTERISTICS

The analyzer portion of the DIGITECH-2002
measures all types of telegraph or data signal
distortion. Distortion measurements are made on
synchronous or asynchronous signals in 5-, 6-,
7-, or 8-level codes. Average and peak distortion
measurements are displayed on a digital readout,
permitting an untrained operator to make accu-
rate measurements. All peak readings remain
displayed until manually or automatically reset.
Parity checks are made on 8-level characters, with
the errors indicated by the AM (Analyzer Module)
ALARM lamp.

The DIGITECH-2002 accepts data inputs in
a series or in a bridging mode. Series current
thresholds are set for operation on 20- to 60-mA
neutral circuits and for 20- to 30-mA polar cir-
cuits. Input signal marking sense is determined
by means of a front panel switch and a SIGNAL
lamp (illuminates for mark). The bridging input
responds to data signals of 0.5 to 150 volts.
Additional filtering is provided for data inputs at
speeds of 75 bauds or less.

GENERATOR OPERATING
CHARACTERISTICS

The generator can produce a “FOX’’ test
message in Baudot, EBCD, ASCII, and EBCDIC
codes (depending on the generator module
furnished). BIAS distortion (marking or spacing)
is switch selectable in 1% increments from 0 to
499%,,

When operating in the MSG & SEL CHAR
mode, the “FOX’’ test message may be followed
by a group of programmable characters. The same
programmable characters are generated separately
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in the SEL CHAR mode. The character release
rate is controlled three ways:

1. FREE RUN mode: The character release
is automatically controlled by the generator
module.

2. Manual (MAN) mode: The release is
controlled by the operator.

3. External mode (EXT CHAR): The release
is accomplished by means of an externally applied
stepping source.

In the manual step mode, the operator selects
the release of either a single character (CHAR
REL) or a complete message pattern (PATT REL)
for any one of the output message forms (MSG,
SEL CHAR, or MSG & SEL CHAR). The release
of a complete message pattern (SEL CHAR) is
useful in communications systems where each
terminal is polled with a sequence of characters
for addressing the terminal. Other output signal
forms include 1:1 and 2:2 reversals, Steady
Space (SP) and Steady Mark (MK). A low-level
2X CLOCK output is generated for clocking
synchronous data circuits.

When transmitting the ASCII “FOX’’ mes-
sage, front panel controls establish the state (mark
or space) of bits 6 and 8. The BIT #6 switch is
set to mark (LOW CASE) for lower case
characters or space (UP CASE) for upper case
characters. Similarly, the BIT #8 switch is set to
ODD or EVEN for selection of odd or even
parity on a character basis. In the MARK
position, the eighth bit of every character is mark-
ing, regardless of parity. (NOTE: When supplied,
the EBCD “FOX”’ message includes a fixed
format ODD parity bit.)

The generator is normally furnished with a
high-level, solid-state keyer capable of keying
external polar or neutral circuits up to 270 volts,
and 70 mA at speeds up to 600 bauds. Low-level,
solid-state keyers provide EIA-RS-232C and
MIL-STD-188C outputs for both data and 2X
timing at speeds up to 9600 bauds.

INSTRUMENT SPECIFICATIONS

The underlying equipment specifications are
listed in table AIII-1. These specifications include
power requirements, physical characteristics, and
operating parameters.

Table AIII-1.—Equipment Specifications for Digital Data Test Set, DIGITECH-2002

Item

Characteristics

Primary Power Source

Voltage

Frequency

Power
Dimensions

Rack-Mount Configuration

Height
Width
Depth

Portable
Height

Width
Depth

GENERAL

115/230 volts ac +/— 10%
50to 60 Hz +/— 5%
100 watts

5.25 inches (133.35 mm)
19.00 inches (482.60 mm)
15.00 inches (381.00 mm)

5.90 inches (149.90 mm)
20.10 inches (510.10 mm)
18.00 inches (457.20 mm)
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Table AIll-1.—Equipment Specifications for Digital Data Test Set, DIGITECH-2002 (continued)

Item

Characteristics

Weight

Operating Temperature

Approximately 30 pounds (13.680 kgs)

0 to 50 degrees Centigrade
32 to 122 degrees Fahrenheit
(operating temperature for rack-mount
configuration only)

Speeds A synthesizer provides any speed up to
9600 bauds. All speeds are crystal-controlled
for maximum stability.

ANALYZER
Inputs
Series 20 mA neutral

Bridging (66K ohms)

Filter

Polarity

Distortion Measurements

Average

Peak

Accuracy

Reset

Parity

20/30 mA polar
60 mA neutral

+/— 0.5V to 150V polar
+/— 1.0V to 150V neutral

A switch-selectable filter removes spikes,
holes, or any transients which are less than
1/2 ms in duration. (Not for use at speeds
above 75 bauds.)

Positive or negative mark sense.

Marking and spacing bias.
Marking and spacing end.

Total, early, and late.

(NOTE: Transition selection, when provided,
permits distortion measurement on all or
individually selected transitions within a
character.)

2% distortion under all conditions.

Peak readings are maintained at full level
until reset manually or automatically at 3- to
5-second intervals.

A parity detects odd or even parity on 8-level
ASCII messages. Parity errors are displayed
by the error module.

Alll-4




Table AIII-1.—Equipment Specifications for Digital Data Test Set, DIGITECH-2002 (continued)

Item

Characteristics

Modes

Start/Stop
Synchronous

Digital Readout

Percent Distortion

Lamp Display

Distortion
Parity Error

Input Signal

5- through 8-level codes one unit start; 1.0,
1.5, and 2.0 unit stop intervals.

The synchronizer phase locks internal timing
to that of the incoming signal.

The digital readout displays percent: dis-
tortion in 1% increments from 0 to 49.

The MARKING and SPACING lamps indi-
cate the type of distortion measured.

The ALARM lamp illuminates to indicate
parity errors in 7- and 8-level codes.

The SIGNAL lamp indicates the input
signal.

Distortion

Type

Amount

Character Release

FREE RUN

STEP (internal/external) CHAR

GENERATOR

PATT REL

Bias: marking, spacing, or switching.
End: marking or spacing.

0 to 49% in 1% increments.

The automatic release of characters in
sequence.

The character release initiated by the operator
via the front panel push-button switch or by
external contact closure via the rear panel
terminal strip. The release of single char-
acters in a programmed sequence.

The release of a complete test message,
two-character sequence, or a test message
followed by a two-character sequence.




Table AIII-1.—Equipment Specifications for Digital Data Test Set, DIGITECH-2002 (continued)

Item

Characteristics

Character Format

Start/Stop

Synchronous

Output Message Forms

A character length of §, 6, 7, or 8 intelligence
bits with a 1.0 unit start and a 1.0, 1.5, or
2.0 unit stop.

A character length of §, 6, 7, or 8 intelligence
bits with no start or stop interval.

The data output may be selected as follows:

2:2 .
1:1 continuous reversals

SP — steady space
MK — steady mark
MSG — “FOX”’ test message as follows:

Baudot: CR CR LF LTRS THE SP
QUICK SP BROWN SP FOX SP
JUMPS SP OVER SP A SP LAZY
SP DOG SP FIGS 1234567890 SP
LTRS TEST SP.

ASCII: DEL CR CR LF THE SP
QUICK SP BROWN SP FOX SP
JUMPS SP OVER SP A | SP LAZY
SP DOG SP 1234567890 SP SP DE.

EBCD (optional): NL UC THE SP
QUICK SP BROWN SP FOX SP
JUMPS SP OVER SP A SP LAZY
SP DOG SP LC 1234567890 SP SP UC
TEST.

EBCDIC (optional): NULL CR CR LF
THE SP QUICK SP BROWN SP
FOX SP JUMPS SP OVER SP A SP
LAZY SP DOG SP 1234567890 SP
DE DP DEL DEL.

NOTES:

1. The underlined characters are non-
printing.

2. Refer to the CM section for pro-
gramming charts and legend.
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Table AIII-1.—Equipment Specifications for Digital Data Test Set, DIGITECH-2002 (continued)

Item

Characteristics

Output Keying Circuits

High-Level Data

Low-Level Data

Low-Level Clock

SEL CHAR—A two-character sequence as
programmed by the operator.

MSG SEL CHAR—A complete “FOX’’
message, followed by an operator-
programmed, two-character sequence.

A fully isolated polar/neutral keyer rated for
1507270V at 40/70 mA. External battery
connections are made via the rear panel
terminal strip. The series output is provided
by a front panel jack.

The switch-selectable EIA or MIL outputs
are via the front five-way binding post and
the rear panel terminal strip.

EIA-RS-232C: Current limited to 10 mA,
with an open circuit output of +/ — 12 volts
for speeds up to 9600 bauds.

MIL-STD-188C: Open circuit voltage
of +/— 6volts (+/— 1 volt), with a source
impedance of 100 ohms at 10 mA.

One cycle per bit output uses the same type
of electrical circuits as the low-level data out-
puts (switch-selectable EIA or MIL levels).
Mid-bit transition polarity may be changed
by means of an output module strap option.

SYNCHRONOUS OPERATION

Synchronous signals are continuous streams
of data in which only information bits are
transmitted. In the transmission of a perfect
. synchronous signal, the interval between tran-
sitions is an integral number of bits and the
transmission frequency is accurate and stable
(usually to .1 part in 106 or better). Analysis
of synchronous signals is accomplished on a
continuous basis. The internal timing of the
analyzer is phase-locked with the incoming
signal. However, corrections to the internal

timing are sufficiently damped so that fortuitous
or random distortion will not change the relative
phasing between the input signal and the timing.
In making distortion measurements of syn-
chronous signals, only bias measurements are
possible, since there is no end distortion on
synchronous data. To make the measurement,
set the CODE LEVEL switch on the analyzer
to SYNC; the TRANSITION switch should be
in the ALL position. The digital PERCENT
DISTORTION readout reflects the average or
peak bias distortion contained in the synchronous
signal.
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Figure AIIl-2.—Types of distortion.

DISTORTION MEASUREMENT
AND ANALYSIS TECHNIQUES

Distortion analysis includes types of dis-
tortion, transition selection, code levels, and
measurement. This section will also discuss
operating procedures.

Types of Distortion

Figure AIII-2 refers to a representation
of telegraph characters and the various types

of bias and end distortion. Each character
is made up of a start space (current-off con-
dition in the telegraph loop), followed by
five intelligence bits to form a specific char-
acter, and a stop mark (current-on). The stop
element may be selected at 1.0, 1.5, or 2.0
times the length of the other bits. In figure
AIII-2 the character Y is shown undistorted
in line 1 with a 1.5 stop element. The suc-
ceeding lines show the same character with a
1 to 50% (shaded area) distortion range of
each type.

AIII-8



Bias distortion is the average displacement of
all Space-to-Mark (S/M) transitions with respect
to the perfect position. When the transition occurs
early, it lengthens the following mark interval and
is called marking bias. When the transition occurs
late, it lengthens the preceding space interval
signal and is called spacing bias. Switched bias
occurs on the start/stop telegraph signals and
appears as marking and spacing bias on alternate
characters. These types of bias distortion apply
to both start/stop telegraph signals and to syn-
chronous data signals.

End distortion is the average displacement
of the Mark-to-Space (M/S) transitions in a
start/stop telegraph character relative to the first
M/S transition (start pulse). It is called marking
end if the preceding marking interval is lengthened
(transition occurs late), and spacing end if the
resulting space interval is lengthened (transition
occurs early).

Transition Selection

The analyzer measures distortion, determined
by the setting of the TRANSITION switch, for
all transition times in a character. With the
TRANSITION switch in the ALL position and
the DISTORTION switch in the END position,
the distortion is measured on all transitions within
the character, both S/M and M/S. When the
DISTORTION switch is in the EARLY or LATE
position, distortion is measured on all transitions
occurring early or late, respectively. Total,
early, or late peak measurements are retained
on the front panel meter or digital display
until signal distortion increases, or until the
reading is automatically or manually reset. The
TRANSITION switch is used to select any
particular transition interval within the character
for measurement, in keeping with the setting of
the DISTORTION switch. The number of transi-
tions in a character is always one more than
the code level of the character. Thus, the
setting of the TRANSITION switch must coor-
dinate with the setting of the CODE LEVEL
switch. The display must be reset each time
the TRANSITION switch is advanced. This
feature (having the capability of selecting a
particular transition) is useful in locating defec-
tive segments on commutators and locating distor-
tion sources that are evident only in certain
bits of a character. It is also useful in detecting
distortion due to small speed errors in the signal.

Code Levels

The analyzer is designed to measure all
start/stop signals in 5-, 6-, 7-, or 8-level codes. The
5-level Baudot code (ITA-2) is commonly used in
telegraph communications, while IBM typewriters
use a 6-level code. Telex and computer-oriented
data transmission signals generally use the 8-level
ASCIL. It is essential that the signal language and
code level be determined before operating the
analyzer.

Distortion Analysis
Operating Procedures

With the POWER switch set to the OFF
position, verify that the rear panel 115/230-VAC
switch is set to the position that corresponds with
the available power source. Once the correct
power source is established, proceed with the
following steps:

1. Set the AC PWR switch to the OFFE
position.

2. Connect the AC power cord to a con-
venient 115- or 230-volt AC power source, and
set the AC PWR switch to the ON position.

3. Set the INPUT connections as follows:

a. Connect a patch cord from the circuit
under test to the HI Z input terminal (IM) for
bridging inputs. Then, set the INPUT select switch
to the proper mark sense for a polar or neutral
input.

b. Connect a patch cord from the circuit
under test to the SERIES input jack (IM) for
high-level series inputs. Then, set the IM INPUT
select switch for 20N, 20/30P, or 60N to cor-
respond with circuit parameters. Also, set the
POL switch (IM) for the proper mark sense.

c. Connect an interface cable between
the equipment under test and the front panel
“D” connector (I/0) to analyze the low-level
EIA or MIL, terminal, or modem input. (Refer
to the ES Section (IM) for the proper mark
sense [-P for EIA inputs and +P for MIL
inputs].)

4. Set the BAUD RATE thumbwheel and
the MULTIPLIER switches (TM) for the desired
operating speed.
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5. Set the TIMING switch (I/0) to INT
for all positions of the BAUD RATE switches.
To select the modem-supplied clock, set the
TIMING switch to EXT.

6. Set the TRANSITION switch (AM) to
ALL.

7. Set the CODE LEVEL switch (AM) to the
position that corresponds with the input signal
code level. For synchronous inputs set the CODE
LEVEL switch to SYNC.

8. Set the RESET switch (AM) to OFF.

9. Set the PARITY switch (AM) to RESET
(OFF).

10. Set the DISTORTION switch (AM) to
BIAS and measure bias distortion. Note the type
of bias as indicated by the front panel MARKING
or SPACING lamps.

11. Measure the amount and type of distor-
tion for each of the remaining DISTORTION
switch positions (END, TOTAL, EARLY, and
LATE).

12. Set the the PARITY switch (AM) for the
parity mode of the input signal (ODD or EVEN).
The occurrence of a parity error is indicated by
the ALARM lamp (AM). The error module will
display any parity error count.

Measuring Speed Error

Differences between the operating speed
of the analyzer (as selected by the analyzer
BAUD RATE switches) and the incoming sig-
nal will introduce bias distortion. A faster
incoming signal introduces spacing bias dis-
tortion. On a random signal pattern, the dis-
tortion measurement on each successive transition
within a character will increase when there
is a difference in speeds. By using the TRAN-
SITION switch, a measurement can be made
on each transition of the incoming signal to
determine the distortion increase from the first
transition to the last. With Baudot signals,
the amount of speed error in percent is one-fifth
the increase in distortion reading from tran-
sition one to transition six. For example, a
five percent increase in marking bias distortion

from the first to the ninth transition represents
a one percent speed error.

Measuring Total Peak Distortion

Total distortion, as measured by the analyzer,
is the highest amount of distortion of any type
occurring on the signal. Once obtained, the
reading is maintained on the meter until the distor-
tion changes to a higher reading, or the meter is
reset to 0. For total distortion measurements,
proceed as follows:

1. Perform all steps outlined in the pre-
liminary instructions.

2. Set the DISTORTION switch to the
TOTAL position and measure total peak dis-
tortion, as displayed by the AM digital readout.

3. Set the RESET switch (AM) to AUTO,
and note that the distortion reading is reset at
3- to 5-second intervals, providing a series of true
peak readings.

4. If the distortion reading is high in suc-
cessive measurements, further measurements must
be made to isolate the amount and type of dis-
tortion. If the reading is high only intermittenly,
the distortion is fortuitous.

Measuring Early and
Late Peak Distortion

If the readings obtained in the TOTAL PEAK
position of the DISTORTION switch are con-
sistently high, early and late peak measurements
are made to further define the amount and type
of distortion.

Set the DISTORTION switch to the EARLY
position. The AM digital readout will display the
amount of peak distortion, that is a result of early
transitions, occurring on both M/S and S/M
transitions.

Set the DISTORTION switch to the LATE
position. The readout will display the amount of
peak distortion, that is a result of late transitions,
occurring on the M/S and S/M transitions.

By repeating the measurements over a period
of time, the operator can determine the consist-
ency or the intermittent nature of the distortion.
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If the readings are fairly consistent, bias and end
distortion measurement will identify the amount
and type of distortion.

Measuring Bias and End Distortion

Early peak distortion is indicative of early
transition occurrence. Early occurrence of transi-
tions may be the result of marking bias or spacing
end distortion, depending upon whether it is the
M/S transition or the S/M transition that is
affected. Late occurrence of the transitions is the
result of spacing bias or marking end distortion.
Assume a late peak of 10%.

Set the DISTORTION switch to the BIAS
position. If the distortion is bias, the analyzer
module will display the average amount of
distortion, and the SPACING lamp will illumi-
nate. If there is no bias distortion, the digital
readout will display 00. If there is 1% distor-
tion, the MARKING and SPACING lamps may
alternately blink, or one of the lamps will light
steadily.

Set the DISTORTION switch to the END
position. If the distortion is end, the readout will
display the amount of distortion, and the
MARKING lamp will indicate that the distortion
is marking. If there is no end distortion, the
readout will display 00. If there is 1% distortion,
the MARKING and SPACING lamps may
alternately blink, or one of the lamps will
light steadily.

The late peak distortion reading may be the
result of both spacing bias and marking end
distortion, in which case a reading will be obtained
for both measurements.

Assume an early peak reading of 10%.
Set the DISTORTION switch to BIAS. If the
distortion is bias, the digital readout will dis-
play the amount of distortion and the MARKING
lamp will indicate that the bias is marking.
If there is no bias distortion, the readout
will display 00. If there is 1% distortion,
the MARKING and SPACING lamps may
alternately blink, or one of the lamps will light
steadily.

Set the DISTORTION switch to the END
position. If end distortion is present, the readout
will display the amount and the SPACING lamp

will light, identifying it as spacing end distortion.
With no end distortion, the readout will display
00. If there is 1% distortion, the lamps may
alternately blink, or one of the lamps will light
steadily.

(NOTE: The various analyzer measurements
should be repeated to ensure the proper inter-
pretation of the results. Through experience,
the operator will be able to quickly interpret the
various readings.)

Analyzing Unknown Signals

When analyzing an unknown signal, the
following characteristics must be determined:

o Type of signal (neutral or polar, high or
low level).

o Polarity of signal.

e Current level (20 or 60 mA) of a neutral
signal.

e Speed of signal.

e Total peak distortion.

e Amount of bias and end distortion.
e Amount of fortuitous distortion.

e Presence of shaping signals.

A milliammeter may be used to check current
levels of SERIES input signals. A 20-mA signal
will not produce measurements on the analyzer
when the switch is in the 60N position. A 60-mA
signal will produce readings on all positions of
the switch.

Use the POL switch to determine correct
polarity of SERIES input signals. On neutral
signals, only the correct position of this
switch will cause the SIGNAL lamp to flash.

INPUT/TIMING MODULE (1/T-1)

This section contains the information re-
quired for operation and maintenance of the
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Figure AIII-3.—Input/Timing Module, I/T-1, DIGITECH-2002.

DIGITECH-2002 Input/Timing Module, I/T-1.
See figure AIII-3.

Description and Purpose

The input/timing module provides the input
circuit logic and the internal timing for the unit.
Timing is generated for 12 speeds, from 45.5 to
2400 bauds, with a separate toggle switch to select
either the internal oscillator or an external
timing source (200 times the desired baud rate,
0 to +5 volts).

The module can monitor data in two modes:
series or bridging. In the series mode, neutral or
polar signals are placed in series with the isolated
input to the module through the front panel jack.
Current thresholds are established by the position
of the INPUT select switch. The switch is set for
neutral operation on 20- or 60-mA circuits or for
polar operation on 20- to 30-mA loops. A polarity
switch is used to determine marking sense (positive

or negative). The SERIES INPUT to the I/T-1
is fused at 100 mA.

The bridging input operates on data sig-
nals from 0.5 to 150 volts. When in the bridging
mode, the marking sense for polar or neutral
inputs is determined by the position of the
INPUT select switch. A FILTER switch, func-
tional in series or bridging operation, adds
filtering to the data input to eliminate transients
of 1.5 milliseconds or less. The filter should
not be used at speeds above 75 baud. The unit
measures approximately 5-1/4 inches high by
2-3/8 inches wide by 11-1/8 inches deep. The
maximum rated power consumption is approx-
imately 3.5 watts.

Controls, Indicators, and Connectors
The name and function of each module con-

trol, indicator, and connector are listed in table
AIII-2. They are indexed to figure AIII-3.
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Table AHI-2.—Controls, Indicators, and Connectors for Input/Timing Module, 1/T-1,

DIGITECH-2002 (Shown in Figure AIII-3)

INDEX
NUMBER NAME FUNCTION
1 POL switch Determines the marking sense of the
series input signal.
2 1/10 FUSE Protects the series input circuits from
current overload.
3 FIL switch Switches low pass filters in or out
of input circuit for speeds up to
75 bauds.
4 SPEED (BAUD)  Selects any one of 12 operating speeds
switch from 45.5 to 2400 bauds:
45.5 135
50.0 150
61.1 300
74.2 600
75.0 1200
110.0 2400
5 INT/EXT Selects either an internal oscillator
select switch as a timing source or an externally
applied time base at 200 times the
desired baud rate (0 to +5 volts).
6 INPUT Determines the marking sense of
select switch neutral or polar bridging inputs in
HI Z, and selects the current thresh-
olds for 20N, 20/30P, or 60N series
loops.
7 SERIES Provides access to the low impedance
input jack series input circuits.
8 HI Z jack Provides logic reference for the HI Z
data input.
9 BRDG INPUT Is the bridging input for use with
jack polar signals with amplitudes from
+/— 0.5 volts to 150 volts, and
neutral signals with amplitudes from
+/— 1 volt to 150 volts.
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ANALYZER MODULE, AM-3A

This section contains information re-
quired for operation and maintenance of the
DIGITECH-2002 Analyzer Module, AM-3A.
See figure AIII-4.

Description and Purpose

The analyzer module is a solid-state, plug-in
assembly that provides accurate distortion mea-
surements on telegraph and data signals at speeds
ranging from 10 to 9990 bauds. It measures all
types of telegraph distortion on all or individually
selected transitions within a start/stop character.
BIAS and END distortion (as well as TOTAL,
EARLY, and LATE PEAK measurements) ap-
pear on an easy-to-read digital display, permitting
an untrained operator to make accurate measure-
ments. All peak readings remain displayed until

the digital readout circuits are manually or
automatically reset.

Distortion is measured on start/stop telegraph
and data signals using 5- through 8-level codes.
The length of the stop interval has no effect on the
measurement. Phase lock of the internal timing
with that of the incoming data signal permits ac-
curate measurement of synchronous signals. ODD
or EVEN parity is detected during 7-and 8-level
operations. These capabilities permit use of the
analyzer module for the qualitative analysis of
data and telegraph signals. The unit will detect
parity errors and determine the amount and type
of distortion on the line. The use of EARLY and
LATE PEAK measurements enables the operator
to determine the amount of fortuitous or cyclic
distortion. The TOTAL PEAK measurement
indicates the highest distortion during any given
period. The ability to measure distortion on all
or individually selected bits aids in isolating the

AM 3A

MARKING

Figure AIll-4.—Analyzer Module, AM-3A, DIGITECH-2002.
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cause of distortion and can be used to measure

Controls, Indicators, and Connectors

speed error. The unit measures approximately 5

inches wide by 5-1/4 inches high by 11-1/8 inches
deep. The maximum rated power consumption of

the module is approximately 7 watts.

Table AIHI-3.—Controls, Indicators, and Connectors for Analyzer Module, AM-3A, DIGITECH-2002 (Shown in
Figure AIII-4)

AIII-3. They are indexed to figure AIII-4.

INDEX
NUMBER NAME FUNCTION
1 CODE LEVEL Selects the code level from 1 through 8 to correspond
switch with the number of intelligence bits in a start/stop
character.
2 PARITY switch Selects the ODD and EVEN parity measurement
and resets the PARITY ALARM circuits.
3 ALARM lamp Illuminates when a parity error is detected.
4 MARKING lamp Illuminates when distortion on the input signal is
marking bias or marking end.
5 DISPLAY RATE Controls the rate at which the digital display is
potentiometer updated (from 0.5 to 5.0 seconds approximately).
6 PERCENT DISTORTION  Provides a digital readout of the signal distortion
display in percent.
7 SPACING lamp Illuminates when distortion on the input signal
is spacing bias or spacing end.
8 SIGNAL lamp [lluminates when the input signal is marking.
9 RESET switch Resets, manually or automatically, the PERCENT
DISTORTION display.
10 TRANSITION Selects, for measurement, all or individual transi-
select switch tions within a character.
11 DISTORTION Selects, for measurement, any of the following
select switch types of distortion:
AVG — BIAS
— END
PEAK — TOTAL
— EARLY
— LATE
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GENERATOR MODULE, GM-1A

This section contains information re-
quired for operation and maintenance of the
DIGITECH-2002 Generator Module, GM-1A.
See figure AIII-5.

Description and Purpose

The generator module is a solid-state, plug-in
assembly used in DIGITECH’s modular series test
instruments. The complete module is 3-1/2 inches
wide by 5-1/4 inches high by 11-1/8 inches long.
The operating voltage and time-base frequencies
to the GM-1A are furnished by the power and

4

timing modules. Other logic inputs are supplied by
the distortion and character modules. The gen-
erator module provides the logic required for
synchronous or asynchronous ‘“‘FOX’’ message
transmission in a variety of code levels and char-
acter release modes. The maximum rated power
consumption of the module is approximately 2.4
watts.

Controls, Indicators, and Connectors
The name and function of each module con-

trol, indicator, and connector are listed in table
Alll-4. They are indexed to figure AIII-S.

Figure AIJI-5.—Generator Module, GM-1A, DIGITECH-2002.
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Table AIII-4.—Controls, Indicators, and Connectors for General Module, GM-1A,

DIGITECH-2002 (Shown in Figure AIII-5)

FUNCTION

INDEX
NUMBER NAME

1 ASCII MSG BIT #6

2 ASCII MSG BIT #8
PARITY

3 STEP switch

4 CHAR REL switch

5 FUNCTION
select switch

6 SIGNAL lamp

7 STOP LENGTH

8 CODE LEVEL

Sets BIT #6 to mark or space for selec-
tion of lower or upper case characters,
respectively.

Sets BIT #8 to mark for all characters
of the ASCII ROM, or selects EVEN
or ODD parity.

Releases one character at a time when S2
is in CHAR REL position. Also releases an
entire test message or a sequence of char-
acters when S2 is in the PATT REL

position.

Selects FREE RUN or STEP character
release. In the STEP mode, characters
are released manually or by external con-
tact closure. In the FREE RUN mode,
characters are released automatically by
the generator. Characters are released one
at a time in the CHAR REL position.
In the PATT REL position, release is
by character sequence or by complete
pattern.

Selects output message form: 2:2, 1:1
reversals.

SP — steady space

MK — steady mark

MSG — test message

MK, SELL CHAR — selected character
from 1 to 8

MK, MSG, and SEL. CHAR — test mes-
sage, followed by a selected character
sequence

[lluminates for a marking output.

Selects STOP LENGTH of 1.0, 1.5, or 2.0
units for start/stop characters. In the
SYNC (0.0) position, the stop pulse is not
generated.

Selects 5-, 6-, 7-, or 8-level code operation.
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DISTORTION MODULE, DM-1B

This section contains information re-
quired for operation and maintenance of the
DIGITECH-2002 Distortion Module, DM-1B.
See figure AIII-6.
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Figure AIII-6.—Distortion Module, DM-1B,
DIGITECH-2002.

Description and Purpose

The distortion module is a solid-state, plug-in
assembly used with DIGITECH’s modular series
test instruments. It can introduce delays in the
mark-to-space or space-to-mark transitions of the
undistorted GM-1A data output. The distortion
is introduced in 1% increments up to 49%. Five
types of distortion are generated: marking bias,
spacing bias, switching bias, marking end, and
spacing end. The unit measures 1-1/4 inches wide
by 5-1/4 inches high by 11-1/8 inches deep. The
maximum rated power consumption is approx-
imately 1 watt.

Controls, Indicators, and Connectors

The name and function of each module
control, indicator, and connector are listed
in table AIII-S. They are indexed to figure
AIII-6.

CHARACTER MODULE, CM-2

This section contains information required
for the operation and maintenance of the
DIGITECH-2002 Character Module, CM-2. See
figure AIII-7.

Table AIIl-5.—Controls, Indicators, and Connectors for Distortion Module, DM-1B,
DIGITECH-2002 (Shown in Figure AIII-6)

INDEX
NUMBER NAME FUNCTION
1 TYPE DIST Selects any one of the five switch
switch types of distortion generated:
1 — M (marking bias)
2 — S (spacing bias)
3 — SW (switching bias)
4 — M (marking end)
5 — S (spacing end)
2 % DIST TENS Selects the amount of distortion in
switch 10% increments from 10 to 40%.
3 % DIST UNITS Selects the amount of distortion in
switch 1% increments from 0 to 9%.
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Figure AIIl-7.—Character Module, CM-2, DIGITECH-2002.
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Table AIII-6.—Extended Binary Coded Decimal (EBCD 1050)

b7-c X X X X XX X X X X X X X X X X
b6-1 0 110 1 0 1 0 1 0 1 0 1 0 1 0 1
b5-2 0 011 1 0 0 1 1 0 0 1 1 0 0 1 1
b4-14 0 0 {o 0 1 1 1 1 0 0 0 0 1 1 1 1

b3-8 0 0 (0 0 0 0 0 0 1-|1 1 1 1 1 1 1
B
I b2 | b1 | COLUMN
\T Al B Rowl 1 |2 13 |4 |5 |6 |7 [8 |9 [10f11]12 13 |14 |15 | 18
S
se1=/I<K/ /1 /1% A, " A YARYVARN
0 0 1 SP/1 |/2 3 4 5 6 7 8 9 0 # {PN |IRS |UC |EOT
- J/IK /L M N (6] P R !
0 1 2 - i k{/1 m n o}V p ql/r $ | RES|NL { BS |IL
¢ 2/1s/]T V Y y x/|v/]z /
1 0 3 QyV/Vsl/t|/u v wl/ x vyl /2 , | BY |LF | EOB|PRE
+ B, 7 D E F G I
1 1 4 & a b/ ¢ d e f g h i ' PF | HT| LC |DEL
LEGEND
UP
CASE LOW 1 = MARK b7 - PARITY CHECK BIT
CASE 0 = SPACE (x may be ""1" or "0"
depending on parity)
PN PUNCH ON ucC UPPER CASE
BY BYPASS EOB END OF BLOCK
RES RESTORE BS BACK SPACE
PF PUNCH OFF LC LOWER CASE
LF LINE FEED EOT END OF TRANSMISSION
NL NEW LINE (Carrier Return PRE PREFIX
and Line Feed) IL IDLE
HT HORIZONTAL TAB DEL DELETE

Description and Purpose

The character module is a solid-state,
plug-in assembly that produces two switch-
programmable characters in 5-, 6-, 7-, or 8-level
codes. The characters are programmed from
the 16 front panel bit switches, while the
code level is selected on the accompanying
generator module. The generator module also

supplies the necessary timing inputs to the
character module and converts the CM-2 parallel
data output into serial form. The unit mea-
sures 1-1/4 inches wide, by 5-1/4 inches high,
by 11-1/8 inches deep. The maximum rated
power consumption of the module is approx-
imatley 0.25 watts. (NOTE: To program se-
lected characters, refer to tables AIII-6 through
AlIII-10.)
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Table AIII-7.—ASCIH Code

b7 0 0 0 0 1 1 1 1
b6 L 0 0 1 1 0 0 1 1
B b5 L 1 0 1 0 1 0 1
1
T |b4]b3}b2|bl COLUMN-+
S ROW 1 0 1 2 3 4 5 6 7
0)Jo0lolo 0 NUL DLE SP 0 @ P ’ jol}
0101 03§31 1 SOH DC1 ! 1 A Q a q
010711 0 2 STX DC2 " 2. B R b r
01011 1 3 ETX DC3 id 3 C S [ s
0l11lo01l0 4 EQT DC4 h 4 D T d £
0111011 2 ENQ NAK % 51 E 1 e u
0111110 6 ACK SYN & 0 F Y f \'s
o111 111 i BEL ETB ’ 1 G W g w
11o0folo 8 _BS CAN | ( 8 H X h X
1101014 1 9 C_HT EM ) 9 1 Y i Y
11011 0 10 LE SUIB * : J YA j Z
1lol1la 11 YT ESC + : K C Kk $
111]lolo0 12 FF FS , < L N\ 1 :
1l1lola 13 CR GS - = M ] m 3
1l1l1lo 14 SO RS > N A n ~
111l 111 15 SI us /. ? Q - 0 DEL
Legend
ENQ-Enquiry ETB-End of transmission block FS-File separator
ACK-Acknowledge CAN-Cancel GS-Group separator
BEL-Bell EM-End of media RS-Record separator
BS-Back space SUB-Substitute US-Unit separator
HT-Horizontal tab ESC-Escape LF-Line feed
NUL-Null SI-Shift in VT- Vertical tab
SOH-Start of heading DLE-Data link escape FF-Form feed
STX-Start of text DC1-DC-4 - Device controls CR-Carriage return
ETX-End of text NAK- Negative acknowledge SO-Shift out
EOT-End of transmission SYN-Synchronize

Front Panel Controls

DIGITAL DATA DISTORTION TEST
SET, USM-329(V)

The CM-2 has two rows of 8 bit switches
each. See figure AIII-7. S1 through S8 of This section describes the purpose and func-
row 1 are used to program character 1, while tions of the Digital Data Distortion Test Set,
S1 through S8 of row 2 program character 2. AN/USM-329(V). This equipment, in most loca-
Each switch selects the mark or space output tions, has been replaced by the DIGITECH-2002

state of its associated bit.

Digital Data Test Set.
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Table AIII-8.—EBCDIC Code

b1 N o | o JojJo JoJojolofrfrfr]ja 1 |1 l1}1
b2 - 0 0 0 ]Jo J1]1{1y1fo]ofo]jo]1 j1 |11
b3 o o J1 |1 JofojJrjrfofo]1lr]o o |1]1
b4 0 1 0o |1 ol1{ofjrfofjtfojrfo |1 o)1
b5 bs|b7] b8 COLUMN -
ROW { 0 1 2 13 |4ls5l6f7]8] 9lw0f11]12] 13] 14} 15
oJoJo]o 0 NUL | DEL| DS sPl&l- 0
olofol1 1 SOH | DC1 | SOs / alij Alg 1
olof1]o 2 STX | DC2| FS [SYN bl k|s BIlK|s |2
olof1}f1 3 ITX | DC3 cltft clLiT{s3
oj1fo] o 4 PF | RES| BYP|PN |l [d]l mlu Dl mM|[ula4
ol1flof1 5 HT | NL | LF [RS elnlv E|]N]V.]S
oj111fo0 6 LC | BS | EmBjuC f lo]| w Flo] wls
ojJ1f1]1 7 DEL | IL | EC|EOT pl x glprlxl|n
1lofof o 8 CAN hlqly H]| Q| Y]s8
1]o]ol 1 9 EM ilrlz 1 Rl z]9
1{o]1f o0 10 SMM| CC |SM ¢ |
1{of1]1 11 VT A ¥
110} o0 12 FF | IFS bt (< | *|%l@
1]1{o0] 1 13 CR |1GS |ENQ|NAK [ ( | ) | -
1j1[1] 0 14 so | IRsS JACK + | =
1]1]1] 1 15 SI 1IUS |BEL|sB 2] "
LEGEND
1 = MARK 0 = SPACE
SI  SHIFT IN IRS INFORMATION RECORD SEPARATOR
SMM START OF MANUAL MESSAGE IUS INFORMATION UNIT SEPARATOR
DLE DATA LINK ESCAPE IFS INFORMATION FIELD SEPARATOR
DC1 DEVICE CONTROL NUL NULL
DC2 DEVICE CONTROL PF PUNCH OFF
DC3 DEVICE CONTROL HT HORIXONTAL TABULATION
DC4 DEVICE CONTROL LC LOWER CASE
NAK NEGATIVE ACKNOWLEDGE DEL DELETE
SYN SYNCHRONOUS RES RESTORE
CAN CANCEL NL NEW LINE
EM END OF MEDIUM BS BACKSPACE
SUB SUBSTITUTE IL. IDLE
IGS INFORMATION GROUP SEPARATOR CC CURSOR CONTROL
DS Dt EOT END OF TRANSMISSION
DS DIGIT SELECT sp SPACE
SOS START OF SIGNIFICANCE SOH START OF HEADING
FS FIELD SEPARATOR STX START OF TEXT
BYP BY PASS ETX END OF TEXT
LF LINE FEED ACK ACKNOWLEDGE
EOB/ END OF BLOCK/or BEL BELL
ETB END OF TRANSMISSION BLOCK VT VERTICAL TABULATION
PRE PREFIX FF FORM FEED
SM SET MODE CR CARRIAGE RETURN
PN PUNCH OUT SO SHIFT OUT
RS READER STOP ENQ ENQUIRY
uc UPPER CASE NA NOT ASSIGNED
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Table AIII-9.—International Telegraph Alphabet No. 2, American Version (Baudot)

CCITT NO. 2
UPPER CASE *

WRU

UNASSIGNED

UNASSIGNED

UNASSIGNED

AUDIBLE SIGNAL

' (APOSTROPHE)

CHARACTERS S
T
LOWER UPPER CASE A
CASE COMM WEATHER R
T {1213
A - 4 %
B ? %) Z
C : O
D 3 Vb
E 3 3
¥ ! -
G 8 N
H STOP 1
1 8 8
J ' /
K ( -
L ) ~
M . )
N . o
0 9 9
P ) ") %
Q | l v
R 4 4
s BELL BELL
T 5 5
U 7 7 77
\ ; )]
w 2 2
X / / 2
Y 6 6 %
Z " + 7
BLANK -
SPACE v
CAR. RET.
LINE FEED
FIGURES
LETTERS 7

NOTE: UPPER CASE H (COMM) MAY BE STOP OR #

V22

MARKING PULSE

(] SPACING PULSE

AIII-23
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Table AIII-10.—Extended Binary Coded Decimal (EBCD Correspondence)

Figure AIII-8.—Signal Generator, Digital Data Distortion Set, AN/USM-329(V).

AlIl-24

h7-¢ X X X X X X X X XXX} Xi X X X X
b6-1 0 1 0 1 0 1 0 1 0 110 1{ 0 1 0 1
h5-2 0 0 1 1 0 0 1 1 0} 0 1 1{ 0 0 1 1
bhd-4 0 0 0 0 1 1 1 1 0] o 0 [ 1 1 1
b3-8 0 0 0 0 0 1] 0 0 1l 1 1 1 1 1 1 1
B
1 b2 | b1 | COLUMN
T A ROW * 1 2 3 4 5 6 7 8 9 110111213 14 15 16
S
SP 7|4/ e 1t /1% 181¢ 71 718/ /12/]( .
(4] 0 1 sp 1/) 2 3 5 1 6 8 4 0 z|/9|PN | RS | UC [EOT
[ M v " R I A o/18 W,
0 1 2 ! m v ' r i a ol/s w/RES|{ NL | BS |IL
T X N U/ E b K C L/1H B
1 0 3 t x n u e d |k cl/1i/h biBY | LF | EOB! PRE
J G + A e 1 24y -
1 1] 4 j £ =V el o Ve W)WV Iy —|PF_| HT| LC [DEL
LEGEND
UpP b7 = PARITY CHECK BIT
CASE Low = MARK (x may be "1'" or "0"
CASE 0 = SPACE depending on parity)
PN PUNCH ON uc UPPER CASE
BY BYPASS EOB END OF BLOCK
RES RESTORE BS BACK SPACE
PF PUNCH OFF LC LOWER CASE
RS READER STOP EOT END OF TRANSMISSION
LF LINE FEED PRE PREFIX
NL NEW LINE (Carrier Return 1L IDLE
and line feed) DEL DELETE
HT HORIZONTAL TAB
i 13 14 15
MARK
i @@@@@@@@7 °f
SPACE
-— 8 ExTsTEp BITPHASE CHARACTER K~
9 SINGKE RUN _SP REVERSAL
DISTORTION L pERCENT DISTORTION — 4
SELECT SIGNAL LOW LEVEL
START/STOP ® oFF
1.0 .42 ,.5\ 6 7 R C;:ECEA::;ER OUTPUT POLAR NEUT {
30 POWER  SIGRAL
oRD I—ourruv-{ —
STOP LENGTH ",W Level
'SYNC- START/STOR/ COOE LEVEL
nue ust " nur /' "" Powcn "::Ir "'G" szn
26 24 22 23 21 17 IG
HIGH LOwW STEP T EXT
LEVEL LEVEL PULSE PHASE TIMING SI1G CHASSIS
OUIPUT OUTPUT INPUT  INPUT  INPUT  GAD GRO
(C]
@
@

31.175




SIGNAL GENERATOR
CHARACTERISTICS

The controls and indicators of the signal
generator are shown in figure AIII-8. They are
indexed in table Alll-11.

Power is applied to the generator by the
POWER switch. Be sure that the POWER lamp
g0¢€s on when the switch is set to its ON
position.

The operation of the signal generator is largely
dependent on the type of signal desired. The
signal, in turn, is determined by the settings of
the generator front panel controls. The front panel

. SELECT SIGNAL PATTERN

controls, and their functiona] relationship to the

out

put signal, are shown in figure AIII-9. The

diagram is divided into four parts as follows:

1. Select signal pattern

2. Select signal characteristics
3. Select distortion

4. Select output

(NOTE: The implied sequence and left-to-

right flow shown in figure AIII-9 is for illustrative

pur

poses only. It does not represent signal flow,

The controls may be set in any sequence desired
by the operator.)

2. SELECT SIGNAL CHARACTERISTICS

3 MARK / SPACE cooe RATE STOP LENGTH CHARACTER SINGLE
ouTeur * ¢ LEVEL SYNC- START/STOP RELEASE CHARACTER
STOY MK
P _I 37.58 *
STov s 45.8 START/STOP INGLE CHAR o—a]
50, TIME BASE S
CHARACTER l23456738] 6 (.12 INT 1. a2 exT sTEP
7;'2 ‘_.‘“\; 2 s BIT PHASE
MESSAGE 78. s 3
150. ExT SY NG 3 FREE RUN
300. R LN M
REVERSALS F - - — - — - _____ __|. 600, |-=— =] == -2 2 ~
1200,
2400
4800
EXT TIMING ExT sTEP NPUT > Lo puase mput

1. MESSAGE OUTPUT AT 5 uNIT CODE ONLy. I. EXTERNAL TimiNg

INPUT
SIGNAL MUST af 200x
2. EXTERNAL STEP
PULSE (-6 To + ¢ TO

-6 VOLTS) ar LEAST 20 msEC WIDE,

FROM 37.8 To 4800 8AvD.
BAUD RATE.

INPUT Mu

ST B POSITIVE GOING

DISTORTION

3. SELECT DISTORTION

PERCENT
DISTORTION

4. SELECT OUTPUT

oUTPUT

SELECT r—‘h'
, Low

ZERO °
MARK BlAS ‘o
SPACE BIAS

20
SWITCH BiAS

30
MARK END

40
SPACE END

OBNINRUN~O

26V POLAR ONLY LEVEL

FOLAR HigH
OFF 3_._<
NEUTRAL LEVEL

SIGNAL

I. SIGNAL LAMP gOES ON WHEN
OUTPUT IS AT MARK LEVEL AND
GOES OFF wHEN OUTPUT IS aT
SPACE LEVEL,

31.176

Figure AIII-9.—Functional operation of the AN/USM-329(V) Signal Generator.
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Table AIII-11.—Controls and Indicators for the AN/USM-329(V) Signal Generator (Shown in Figure AIII-8)

FIGURE A3-17

INDEX NO. CONTROL OR INDICATOR FUNCTION
1 DISTORTION SELECT Switch Selects type of distortion of output test
signal
2 PERCENT DISTORTION Selects percent distortion in output
Switch (TENS) test signal in units of 0, 10, 20, 30,
and 40
3 PERCENT DISTORTION Selects percent distortion in output
Switch (UNITS) test signal in units from 0 to 9
4 MARK/SPACE 1 Switch One of a set of 8 switches, Sets first
digit to mark (up) or space (down)
5 MARK/SPACE 2 Switch Sets second digit to mark or space
6 MARK/SPACE 3 Switch Sets third digit to mark or space
7 MARK/SPACE 4 Switch Sets fourth digit to mark or space
8 MARK/SPACE 5 Switch Sets fifth digit to mark or space
9 MARK/SPACE 6 Switch Sets sixth digit to mark or space
10 MARK/SPACE 7 Switch Sets seventh digit to mark or space
11 MARK/SPACE 8 Switch Sets eighth digit to mark or space
12 SIGNAL Indicator Lamp Illuminates to show presence and type
of signal: glows steadily for steady
mark, remains off for steady space
and blinks for keying signal
13 POWER Indicator Lamp Oluminates when ac power is applied
to the signal generator
14 SIGNAL GRD Jack Connector signal ground
15 OUTPUT - LOW LEVEL Connector for low level output signals
Jack
16 OUTPUT - HIGH LEVEL Connector for high level output signal
Jack
17 EXT TIMING Jack Input connector for external timing
signal '
18 POWER Switch

Ac power switch for signal generator
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Table AIII-11.—Controls and Indicators for the AN/USM-329(V) Signal Generator (Shown in Figure AIII-8)
(continued)

FIGURE A3-7
INDEX NO. CONTROL OR INDICATOR FUNCTION

19 HIGH LEVEL OUTPUT Switch 3-position selector switch that selects
either polar or neutral signal circuits

20 AC FUSES - 1 AMP Fuse l1-ampere 250-volt fuse connected to
one side of input power line

21 AC FUSES - 1 AMP Fuse l-ampere 250-volt fuse connected to
one side of input power line

22 OUTPUT Selector Switch Selects type of output signal. In STDY
MK, the output consists of a continu-
ous mark signal. In STDY SP, the
output consists of a continuous space
signal. In CHARACTER, the output
consists of the 5~ to 8-unit character
selected on the MARK/SPACE
switches. In MESSAGE, the output
consists of the Fox message. In
REVERSALS 1:1, the output consists
of alternate marks and spaces

23 TIME BASE Switch Selects either the internal or external
timing signal
24 SINGLE CHARACTER Operates in conjunction with CHAR-
Pushbutton Switch ACTER RELEASE switch set to
SINGLE CHAR position
25 CHARACTER RELEASE Selects character release operating
Switch mode. In SINGLE CHAR, the output

is released as single characters each
time the SINGLE CHARACTER switch
is pressed. In EXT STEP, the output
is released when a step signal is ap-
plied to the external step input con-
nector. In BIT PHASE, thre internal
timing reference is synchronized with
an external timing reference. In
FREE RUN, the output signal is ¢+ -
tinuous

26 CODE LEVEL Switch Selects 5-, 6-, 7-, or 8-unit code
levels in conjunction with the MARK/
SPACE toggle switches
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Table AIll-11.—Controls and Indicators for the AN/USM-329(V) Signal Generator (Shown in Figure AIII-8)

(continued)
FIGURE A3-7
INDEX NO. CONTROL OR INDICATOR FUNCTION
27 SYNC-START/STOP Switch Selects synchronous or start/stop
(STOP LENGTH) mode. Also selects stop length in
start/stop mode
28 RATE Switch Selects baud rate from 37. 5 to 4800 of
internal time base
29 Power line cord Applies 115 volts 60 Hz power to the
unit,
30 +60V LOOP BATT fuse Fuses +60V loop battery line.
31 -60V LOOP BATT fuse Fuses -60V loop battery line
32 NEUT LOOP fuse Fuses neutral loop
33 Terminal Block TB1 Provides input and output termina-
tions.

Select Signal Pattern

The OUTPUT switch selects the type of signal
pattern. As shown in figure AIII-9, selection of
the Steady Mark (STDY MK) or Steady Space
(STDY SP) signal routes these signals directly to
the output circuit. Selection of CHARACTER
involves the MARK/SPACE switches, which
must be set to the desired character, and the
CODE LEVEL switch, which must be set to the
desired unit level. The MESSAGE position selects
the “FOX’’ message signal pattern, which is
available in the 5-unit code. The REVERSALS
position selects the mark-to-space-to-mark re-
versal pattern.

Select Signal Characteristics

Five switches are involved in setting the general
characteristics of the output signal: RATE, TIME
BASE, STOP LENGTH SYNC-START/STOP,
CHARACTER RELEASE, and SINGLE
CHARACTER.

The RATE switch sets the baud rate of the
signal. The TIME BASE switch selects either the
internal timing generator or an external timing
signal connected to the EXT TIMING connector.

The STOP LENGTH SYNC-START/STOP
switch selects either synchronous or start/stop
operation, with the following four CHARACTER
RELEASE options on the method of signal
transmission:

1. In the SINGLE CHAR position, a
start/stop signal is released one character at a time
each time the SINGLE CHAR switch is pressed.

2. In the EXT STEP position, a start/stop
signal is released one character at a time each time
an external step input is applied to the external
stop input terminals located on the rear panel of
the signal generator.

3. Inthe BIT PHASE position, a synchronous
signal is phase-locked with an external bit-phase
timing signal to ensure that the signal generator
output is synchronized with the timing generator
in the receiving unit.

4. In the FREE RUN position, the signal (syn-
chronous and start/stop) is released continuously
without interruption.

The SINGLE CHARACTER switch releases
only; one character at a time.
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M/S TRANSITION

S/M TRANSITION

——MARK

BITS ISTART! 1 | 2

UNDISTORTED
SIGNAL

——- SPACE

:STARTI 1 o2

o

a s I STOP

2

E MARKING BIAS
I | (s/M TRANSITIONS

; i EARLY)

SPACING BIAS
(S/M TRANSITIONS
LATE)

L=

]
i
4

|

: | !
MARKING END BIAS
¥ (M/S TRANSITIONS
: ] LATE)
i i | 1 i [ h l ' \ \
] | B ™ SPACING END BIAS
! 3 1 3 (M/S TRANSITIONS
; | E EARLY )
| i 1 1 1 1 I i i i 1
—_— ! ! : ! ‘ ' SWITCHING BIAS
] Eg (ALTERNATE MARKING
; AND SPACING BIAS ON
] SUCCEEDING
CHARACTERS)
CHARACTER CHARACTER
NOTE: SHADED AREAS SHOW DISTORTION (APPROXIMATELY 25%)
31.177

Figure AIII-10.—Examples of telegraph distortion.

Select Distortion

The amount and type of distortion are selected
on three switches. The DISTORTION SELECT
switch selects one of five types of distortion:
MARK BIAS, SPACE BIAS, SWITCH BIAS,
MARK END, and SPACE END. Refer to figure
AIII-10 for examples of these distortions. The
amount of distortion is selected on the two
PERCENT DISTORTION switches, which set the
amount in tens and units.

Select Output
The signal generator provides both high- and

low-level outputs. The LOW-LEVEL jack pro-
vides a low-level polar output at 6 volts established

by an internal power supply. Use this jack
and the corresponding terminals at the rear
of the signal generator for low-level polar
output connections. For high-level polar and
neutral signals, use the HIGH-LEVEL jack.
With the HIGH-LEVEL OUTPUT switch in
the POLAR position, the output signal u. ..
able at the HIGH-LEVEL jack is a 60-volt
polar signal (negative mark). The same signal
is also available at the corresponding high-level
terminals at the rear of the signal generator.
With the HIGH-LEVEL OUTPUT switch in
the NEUTRAL position, the output signal
drives an electronic switch (closed for .ma. i
connected to the HIGH-LEVEL jack. This
jack and the corresponding terminals at the

rear of the signal generator should be uscd
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for all neutral outputs and high-level polar
outputs.

The SIGNAL lamp goes on whenever the
output of the signal generator is at the mark level,
and goes off whenever the signal is at the space
level. Therefore, for a steady mark signal, the
lamp glows steadily; for a steady space signal, the
lamp remains off; for keying signals, the lamp
blinks on and off.

Operating Precautions

The following summary of operating pre-
cautions and general information is provided for
use by the operator.

: The EXT TIMING input signal must be
200 times the desired baud rate. The external
timing input must be a square wave having an
amplitude of 6 volts.

The EXT STEP input signal must be a
12-volt, positive-going pulse (-6 to +6 to —6
volts) at least 20 milliseconds wide.

The EXT BIT-PHASE input signal must
be a square wave having an amplitude of 6 volts.
WARNING:

Observe the following precaution when
connecting the signal generator to the

signal loop to prevent voltage from appear-
ing on the test cable tip and presenting a
shock hazard.

Polar outputs: Connect the test cable to
the signal loop before connecting the test
cable to the signal generator (the generator
provides loop voltage).

Neutral outputs: Connect the test cable
to the signal generator before connecting
the test cable to the signal loop (the station
provides loop voltage).

Operator Maintenance

There is very little maintenance required by
the operator. It is limited to replacement of the
lamps and fuses in the signal generator.

ANALYZER AND OSCILLOSCOPE
PROCEDURES IN DISTORTION
ANALYSIS AND MEASUREMENT

The following procedures and instructions
apply to both the analyzer and the oscilloscope.
If the analyzer is used without the oscilloscope,
the instructions that apply to the oscilloscope
may be disregarded. Separate operation of the
oscilloscope is not recommended. The controls
and indicators for the analyzer and oscilloscope
are shown in figures AIII-11 and AIII-12. They
are indexed in tables AIII-12 and AIII-13.

1 /l

®

INTENSITY

VERY CENT

[ /)] L)
é g ¥® N

SCALE ILLUM SWEEP VERNIER

ASTIGMATISM 75.300

ON

INTERNAL SWEEP @ owu

HORIZ csn'r MILLISECONDS

7/
A SEL nms or
/]/7// FREE
VERY GAIN on nomz GAIN ‘ ‘ C
russs
rm: us: RELEASE uw | Aup
mrensn’v uoouu‘ruon / /// / @ ~
17 9 16 14 13 IS
31.179

Figure AIII-12.—Oscilloscope for the AN/USM-329(V).
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Table AIII-12.—Controls and Indicators for the AN/USM-329(V) Analyzer (Shown in Figure AIII-11)

FIGURE A31
INDEX NO.

CONTROL OR INDICATOR

FUNCTION

10

11

12

13

% DISTORTION Meter

TIME BASE Switch

END M/S TRANS-S/M
TRANS BIAS Switch (M/S-
S/M Switch)

RATE Switch

DISTORTION SELECT
Switch

POLARITY Switch

INPUT Switch

FILTER Switch

POWER Indicator Lamp

SIGNAL GRD Jack
INPUT - LOW Z Jack
INPUT - HIGH Z Jack

EXT TIMING Jack

Measures percentage distortion from
0 to 50 in 1% increments

Selects either external or internal

time base. The external timing sig-

nal is connected through EXT TIMING
jack

Selects either mark-to-space or space-
to-mark transitions for analysis of

end distortion and bias distortion,
respectively

Selects baud rate from 37.5 to 4800
of internal time base

Selects type of distortion (average or
peak) for analysis. Also selects total,
early, and late for peak distortion
measurements

Reverses polarity of input signal

Selects either polar or neutral input
circuits. The two neutral positions
are current inputs at 20 and 60 ma,
respectively. The 20-30 ma position
is the polar current input and the high
and low level polar positions are the
high'and low voltage inputs, respec-
tively

Connects filter used to remove spikes

and holes in input waveform. Usable
up to 150 baud

Oluminates when ac power is applied
to the analyzer

Connector for signal ground ,
Input connector for current signals
Input connector for all voltage signals

Input connector for all external timing
signals.
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Table AIII-12.—Controls and Indicators for the AN/USM-329(V) Analyzer (Shown in Figure AIII-11) (continued)

FIGURE A3-11
INDEX NO.

CONTROL OR INDICATOR

FUNCTION

14

15

16

17

18

19

20

21

22

23

24

25

26

POWER Switch

AC FUSES - 1 AMP Fuse
AC FUSES - 1 AMP Fuse
TRANSITION SELECT Switch

MODE Switch

RESET Switch

LATE Indicator Lamp

SIGNAL Indicator Lamp

EARLY Indicator Lamp

LOW Z INPUT fuse

J5 connector

TB1 terminal board

Input power cable

Ac power switch for analyzer

l-ampere 250-volt fuse connected to
one side of input power line

l-ampere 250-volt fuse connected to
one side of input power line

Selects either all or 1 of 9 specific
transitions for analysis and display

Selects synchronous or start/stop
mode. Also selects 5-, 6-, 7-, or
8- unit codes.

Selects automatic or manual reset of
output meter. Center position is off

Oluminates during average distortion
measurements to indicate marking
end and spacing bias distortion

HOluminates to show presence and type
of signal, Glows steadily for steady
mark, remains off for steady space,
and blinks for keying signal

Tluminates when making average dis-

tortion measurement to indicate mark-
ing bias or spacing end distortion

Fuses low impedance input line

Connector for Analyzer to Oscillo-
scope cable,

Provides connection for input signals

Provides for connection of input power
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Table AHI-13.—Controls and Indicators for the AN/USM-329(V) Oscilloscope (Shown in Figure AIII-12)

FIGURE A312
INDEX NO.

CONTROL OR INDICATOR

FUNCTION

10

11

12

13

14

15

16

17

Cathode Ray Tube (CRT)
VERT GAIN Cantrol

VERT CENT Control

FOCUS Control

INTENSITY Control

HORIZ CENT Control

ASTIGMATISM Control

SCALE ILLUMINATION
Control

HORIZ GAIN.Control
SWEEP VERNIER Control
INTERNAL SWEEP MILLI-
SECONDS Switch

POWER Indicator Lamp

POWER Switch

AC FUSES - 1 AMP Fuse

AC FUSES - 1 AMP Fuse

TIME BASE RELEASE Switch

INTENSITY MODULATION
Switch

Displays digital waveforms
Controls height of trace on CRT

Controls vertical position of trace on
CRT

Adjusts focus (spot size) of electron
beam

Adjusts intensity of trace on CRT

Controls horizontal position of trace
on CRT

Adjusts astigmatism (spot shape) of
electron beam

Controls illumination of engraved
scale (graticule)

'Controls width of trace on CRT

Fine adjustment control of internal
sweep oscillator

Selects one of six sweep ranges

Dluminates when ac power is applied
to the oscilloscope

Ac power switch for oscilloscope

1-ampere 250 volt fuse connected on
oné side of input line

l-ampere 250 volt fuse connected on
one side of input line

Selects synchronizing signal for
oscilloscope sweep. In CHAR, the
oscilloscope sweep is triggered for
each character. In SEL TRANS, the
sweep is triggered for separate tran-
sitions as measured on the analyzer.
In FREE, no trigger is applied. The
CHAR and SEL TRANS signals are
applied to the oscilloscope from the
analyzer,

Connects intensity modulating signal
from analyzer to Z-axis input of
oscilloscope
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Operating Procedures

To turn on the analyzer and oscilloscope units,
perform the following procedures:

1. Set the POWER switch on the analyzer to
ON. Be sure that the POWER lamp is on.
2. Set the analyzer controls as follows:
a. MODE switch to the type of signal to
be measured.
b. RATE switch to the rate of signal to be
measured.
c. POLARITY switch to the polarity sense
of signal to be measured.
d. RESET switch to OFF.
e. FILTER switch to OUT.
f. TIME BASE switch to INT.

(NOTE: If external timing is to be used in lieu
of the internal time base generator within the
analyzer, connect the external signal to EXT
TIMING jack, and set TIME BASE switch
to EXT.)

3. Set the POWER switch on the oscilloscope
to ON. Be sure that the POWER lamp is
on.

4. Adjust the following oscilloscope controls,
as required, to obtain a clean, centrally
positioned trace on the oscilloscope CRT:

INTENSITY

SCALE ILLUM

FOCUS

ASTIGMATISM

VERT CENT

HORIZ CENT

. HORIZ GAIN

5. Set the oscilloscope controls to the initial
settings:

a. VERT GAIN to midposition.

b. INTENSITY MODULATION to OFF.

c¢. INTERNAL SWEEP MILLISEC-
ONDS to the approximate rate of signal
to be measured.

d. SWEEP VERNIER to midposition.

e. TIME BASE RELEASE to CHAR.

6. Set the analyzer INPUT switch to the
required position.

me a0 o

e

(CAUTION: Always connect the test cable to the
analyzer before connecting the test cable to the
signal loop.)

7. Connect the analyzer to the signal loop as
follows:

a. For current signals, connect the
analyzer in series, using the LOW Z IN-
PUT jack.

b. For voltage signals, connect the ana-
lyzer across the loop, using the HIGH
Z INPUT jack.

8. Check the SIGNAL lamp on the analyzer
and verify that:

a. For steady mark signal, the lamp glows
steadily.

b. For steady space signal, the lamp
remains off.

c. For keying signal, the lamp blinks on
(for marks) and off (for spaces).

9. Verify the presence of the signal on the
oscilloscope’s CRT. Adjust the oscilloscope
controls for the best presentation of the
waveform.

Bias Distortion Measurement

Bias distortion is the average displacement of
the space-to-mark transition from its normal
position, referred to as the start mark-to-space
transition. The distortion is called marking bias
if the transition occurs early; it is called spacing
bias if the transition occurs late. The analyzer
measures the average bias distortion for the
overall signal and also for signal transitions (in
start/stop signals). Measure bias distortion as
follows:

1. Perform the turn-on procedures.
2. Set the analyzer controls as follows:
a. TRANSITION SELECT to ALL (or to
selected transitions).
b. DISTORTION SELECT to AVG.
¢. M/S TRANS—S/M TRANS to S/M.
3. Observe % DISTORTION meter and
EARLY, LATE, and SIGNAL lamps for
the following:
a. % DISTORTION meter: indicates
amount of average distortion.
b. EARLY lamp: if on, indicates mark
bias distortion.
c¢. LATE lamp: if on, indicates space bias
distortion.
d. SIGNAL lamp: if blinking, indicates
that signal is keying.
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End Distortion Measurement

End distortion is the average displacement of
the mark-to-space transition from its normal
position, referred to as the start mark-to-space
transition. The distortion is called spacing end
distortion if the mark-to-space transition is
early. It is called marking end if the transition is
late. The analyzer measures the average end
distortion for the overall signal and also for single
transitions (in start/stop signals). Measure end
distortion as follows:

1. Perform the turn-on procedures.
2. Set the analyzer controls as follows:
a. TRANSITION SELECT to ALL (or
selected transition).
b. DISTORTION SELECT to AVG.
¢. M/S TRANS—S/M TRANS to M/S.
3. Observe % DISTORTION meter and
EARLY, LATE, and SIGNAL lamps for
the following:
a. % DISTORTION meter: indicates
amount of average distortion.
b. EARLY lamp: if on, indicates spacing
end distortion.
¢. LATE lamp: if on, indicates marking
end distortion.
d. SIGNAL lamp: if blinking, indicates
that signal is keying.

Peak Distortion Measurement

Total peak distortion is the highest amount of
distortion that occurs on a signal during a given
period of time. The distortion may occur on
mark-to-space transitions or on space-to-mark
transitions, and it may occur either early or late.
The analyzer measures the total peak distortion,
early peak distortion (both M/S and S/M), and
late peak distortion (M/S and S/M).

(NOTE: The percent distortion shown on the
% DISTORTION meter represents the peak value
obtained during the measuring period. The meter
displays the peak reading indefinitely until the
distortion changes to a higher value, or until the
meter is reset to 0 by the RESET switch. The
RESET switch offers two options: manual reset
mode, in which the momentary switch must be
manually pressed down to reset the meter;
and the automatic reset mode, in which the
analyzer continuously resets the meter at S-second
intervals.)

Total Peak Measurement
Measure the total peak distortion as follows:

1. Perform the turn-on procedures.
2. Set the analyzer controls as follows:
a. TRANSITION SELECT to ALL (or to
selected transition).
b. DISTORTION SELECT to TOTAL.
¢. RESET to AUTO, if automatic reset

feature is desired; otherwise, set switch
to OFF.

d. M/S TRANS—S/M TRANS to either
M/S or S/M, depending upon the type
of transition to be measured. Set to
S/M to measure marking bias; set to
M/S to measure spacing end.

3. Observe % DISTORTION meter and

SIGNAL lamp for the following:

a. % DISTORTION meter: indicates peak
value of marking bias and spacing end
distortion for S/M or M/S transitions.

b. SIGNAL lamp: blinks to indicate that
signal is keying.

Late Peak Distortion

Measure the late peak distortion (peak mark-
ing end and peak spacing bias) as follows:

1. Perform the turn-on procedures.
2. Set the analyzer controls as follows:
a. TRANSITION SELECT to ALL (or to
selected transition).
b. DISTORTION SELECT to LATE.
¢. RESET to AUTO, if automatic reset

feature is desired; otherwise, set switch
to OFF.

d. Set M/S TRANS—S/M TRANS to
either M/S or S/M, depending upon the
type of transition to be measured. Set
to M/S for marking end and to S/M for
spacing bias.

3. Observe % DISTORTION meter and

SIGNAL lamp for the following:

a. % DISTORTION meter: indicates peak
value end and spacing bias distortion
for M/S or S/M transitions.

b. SIGNAL lamp: blinks to indicate that
signal is keying.
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Operating Precautions

The following summary of operating pre-
>autions and general information is provided for
1se by the operator:

The input filter of the analyzer is usable
only up to modulation rates of 150 baud. Set the
FILTER switch to the OUT position when
operating the analyzer above 150 baud.

The external timing input signal to the
analyzer must be 200 times the desired baud rate.
The external timing signal must be a square wave
with an amplitude of 6 volts.

The LOW Z connector is used when
measuring current signals.

The HIGH Z connector is used when
measuring voltage signals.

® The test cable is always connected to the
analyzer before connecting the cable to the signal
loop.

Operator Maintenance
There is very little maintenance required by

the operator. It is limited to replacement of the
lamps and fuses in the signal generator.
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APPENDIX 1V

OPERATING PROCEDURES
OF THE
TIME-DIVISION MULTIPLEXER
TERMINAL, SMC-200
AND THE
TIMEPLEX TIME-DIVISION MULTIPLEXING
TERMINALS, T16/20

TIME-DIVISION MULTIPLEX
TERMINAL, SMC-200

The SMC-200 is a general-purpose multiplexer
that operates in the synchronous mode, using
the time-division multiplexing principle. This
appendix describes the general operating pro-
cedures of the SMC-200. Individual station
procedures may differ somewhat from those
presented in this text; however, this appendix may
be used for information purposes.

INDICATORS AND CONTROLS

To aid controllers in troubleshooting any
problems, the SMC-200 has various controls and
visual indicators. All are accessible by opening the
front panel. The following paragraphs give
explanations of these controls and indicators.

Front Panel Indicators and Controls

The below-listed controls are on the front
~ panel of the SMC-200:

POWER LAMP: Indicates that primary
power has been applied to the unit.

- TEST LAMP: Indicates that the unit
is_in the test condition. It lights when the

TEST OVERRIDE switch on the HS card is in
the ON position.

e SYNC LAMP (LOCAL & REMOTE):
Indicates that the unit is out of sync and
no data is being sent or received on the
high-speed line, when the lamp is on, and
that only sync bits are being transferred.
When the LOCAL lamp is on, it indicates
that the local SMC-200 receive is out of sync.
When the REMOTE lamp is on, it indicates
that the remote SMC-200 receive is out of
sync.

e CARRIER FAILURE (HS): Indicates
that the no-carrier signal is being received
from the modem associated with the high-
speed line, when the lamp is on. The
no-carrier signals do not inhibit the operation
of the SMC-200. (Normally, these lamps are
biased to a + 12-volt supply to prevent their
lighting.)

@ CARRIER FAILURE (LS): Indicates
that the no carrier detects that a signal is
being received from any modem associated
with any of the low-speed channels, when
the lamp is on. (Normally, these lamps are

 biased to a + 12-volt supply to prevent their

lighting.)

® RESET PUSHBUTTON: Resets all error
circuits, counters, and indicators. In addition,

AIV-1



it resets the error data on the card labeled CL
and the phasor error lamps on cards labeled HS,
IM, and IS.

Logic Card Indicators and Controls

The following describes the indicators and
controls mounted on the individual logic card.
Undesignated switch positions are:

SWITCH HANDLE POSITION  DESIGNATION

Right Off or 0

Left On or 1

Center On (momentary
switches)

Right or Left On (momentary
switches)

HIGH-SPEED LOGIC CONTROL
(HIGH-SPEED CARD)

These switches are used with the controls
mounted on the per-channel input/output cards.
The indicator lamps monitor the condition of the
high-speed line. The individual controls are
described in the following sections.

DATA RECEIVE Lamp

The DATA RECEIVE lamp monitors the
high-speed data being received by the SMC-200
from the high-speed modem as follows:

OFF: MARK line condition.
ON: SPACE line condition.

DATA SEND Lamp

The DATA SEND lamp monitors the high-
speed data being sent from the SMC-200 to the
high-speed modem for line transmission as
follows:

OFF: MARK line condition.
ON: SPACE line condition.

ERROR PHASOR Lamp

When the ERROR PHASOR lamp is on, it
indicates that an error has been detected in
the relationship of the data and the clock. The
lamp is turned OFF by depressing the RESET
pushbutton on the front panel.

OVERRIDE Switch

When the OVERRIDE switch is on, it
places the SMC-200 in a test mode. This switch
lights the TEST lamp on the control panel
and enables test controls on all cards to acti-
vate. This includes the TEST CHARACTER/
BUS-BACK switch and the SEND-RECEIVE/
LOW-SPEED—HIGH-SPEED switch on the HS
card. -

TEST CHARACTER/BUS-BACK
(TC/BB) Switch

The TEST CHARACTER position allows the
SMC-200 to generate a test character to be
injected into any channel or line selected for
testing. The SMC-200 will automatically monitor
this test character for correct logic operation.
Since only a single test character detector exists,
only a single per-channel card should be placed
in the test character mode at any one time.
(The switch is used with the SEND-RECEIVE/
LOW-SPEED—HIGH-SPEED switch, which
selects whether the test character is injected into
the SEND or RECEIVE logic.)

SEND-RECEIVE/LOW-SPEED—
HIGH-SPEED Switch
(SEND (S) Position)

In the SEND position, this switch injects a
test character into the SEND logic of a selected
per-channel card. Simultaneously, the TEST
CHARACTER detector (of the CL card) is
connected to monitor the output of the per-
channel SEND logic. During the test, the line from
the common HIGH-SPEED RECEIVE logic to
the LOW-SPEED SEND is ‘‘opened’’ to prevent
data mixing. Detected errors will light the
common ERROR DATA lamp on the CL card.
The lamp can be reset by the RESET pushbutton
on the front control panel. (Error simulation is
performed by turning on the DATA ERROR
switch on the II card, which alters the test
pattern of the test character generators.)

SEND-RECEIVE/LOW-SPEED—
HIGH-SPEED Switch
(RECEIVE (R) Position)

In the RECEIVE position, this switch injects a
test character into the RECEIVE logic of selected
per-channel card. Simultaneously, the TEST
CHARACTER detector (CL card) is connected
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to monitor the output of the per-channel SEND
logic. The channel tested must be looped at the
HIGH-SPEED common logic, the HIGH-SPEED
modem, or at the remote end on a per-channel
basis by use of the BUS-BACK switch. The
LOW-SPEED RECEIVE channel is ‘‘opened’’
to prevent data mixing during the test. Detected
errors will light the common ERROR DATA
lamp on the CL card. The lamp can be reset by
the RESET pushbutton on the front control panel.
(Error simulation is performed by turning on the
DATA ERROR switch located on the II card,
which alters the test patterns of the test character
generators.)

BUS-BACK Position

The BUS-BACK position allows loop-back
capabilities of SMC-200 channels. It is used
with the SEND-RECEIVE/LOW-SPEED—
HIGH-SPEED switch. '

SEND-RECEIVE/LOW-SPEED—
HIGH-SPEED Switch
(HIGH-SPEED (H) Position)

In the HIGH-SPEED position, this switch
busses or loops back the line to the remote
SMC-200 at the high-speed side of the selected
low-speed channel card. Simultaneously, the
low-speed line of the selected channel card is
bussed back by connecting the output of the
RECEIVE logic to the input of the SEND logic
on the per-channel input/output cards. The
LOW-SPEED SEND and RECEIVE logic is
included in the low-speed looped line, as shown
during the test. (The test character at the remote
SMC-200 can be injected into this channel for
a system test.) Some or all channels ‘within a
system can be bussed back simultaneously without
interference.

SEND-RECEIVE/LOW-SPEED Switch
(LOW-SPEED (L) Position)

This position busses back the SEND and
RECEIVE logic at the low-speed side of the
selected low-speed channel card. Simultaneously,
the low-speed line of the selected channel card is

bussed back to the local terminal. All per-channel

logic is within the loop. (The test character
at the remote unit can be injected into this
channel during a total channel test.) Some or all
channels can be bussed back simultaneously
without interference.

PHASOR RESET Switch

The PHASOR RESET switch is a momentary
toggle switch that allows manual resetting of the
HIGH-SPEED PHASOR. Resetting the phasor
places it at its optimum operating position.

OFF: Normal operation.
ON: Reset phasor.

HIGH-SPEED CLOCK
GENERATOR (CL Card)

The controls on the CL card are used with the
controls on the HS card, the II card, and the
per-channel‘ input/output cards.

e TEST SWITCH:

OFF: Normal operation.
ON: High-speed bussed back at HIGH-
SPEED channel.

During the bus-back condition, the HIGH-
SPEED SEND output is looped back to the
HIGH-SPEED RECEIVE input at the logic level
side of the line drivers and line detectors. No
looping is required on the high-speed line. The
TEST OVERRIDE switch on the HS card must
be in the ON position to respond to the TEST
switch on the CL card. The CL card TEST switch
is used during per-channel test character tests.

® ERROR DATA LAMP:

OFF: Turn this lamp off by depressing the
RESET pushbutton on the control panel.

ON: The test character detector has de-
tected an error. The lamp is used with the switches
on the HS card and the per-line channel cards.

INPUT/OUTPUT SYNC
- Monitor (II Card)

This is the first of the 32 data chann:!s
Though it is normally only used to process
SMC-200 synchronization bits, it can also be used
for terminal data processing.

e TEST SWITCH:

OFF: Normal operation
ON: Test mode operation
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The TEST switch is used when the II card is func-
tioning as an INPUT/OUTPUT card (terminal
data processor, in addition to its sync-monitoring
function). To respond to this TEST switch, the
TEST OVERRIDE switch of the HS card must
be turned to the ON position. When these condi-
tions are met, the channel can be tested by
injecting TEST CHARACTER to LOW-SPEED
RECEIVE and by testing the user and remote
terminals. The test to be performed is selected on
the HS card.

® DATA RECEIVE (R) LAMP: This lamp
monitors the output data from this channel card
to the low-speed terminal.

OFF: MARK line condition.
ON: SPACE line condition.

® DATA SEND (S) LAMP: This lamp
monitors the input data to the II card.

OFF: MARK line condition.
ON: SPACE line condition.

® ERROR GENERATOR DATA (D)
SWITCH (Momentary): This switch in the ON
condition causes all internal test character gen-
erators (located on per-channel input/output
cards) to generate an error test character. Any
channel selected for test will have the error test
character injected into its LOW-SPEED SEND
or RECEIVE logic. Injected errors light the
ERROR DATA lamp on the CL card.

OFF: Normal operation.
ON: Generate error test character.

® ERROR COUNT LAMPS 20, 21, AND
22: These lamps count the synchronizing errors
in binary form on the HIGH-SPEED RECEIVE
channel. The lamp ON condition corresponds to
a ““1”’ count. All lamps are cleared by depressing
the RESET pushbutton on the front panel. Once
set, the 22 lamp remains ON until it is cleared.
Setting the BIT/SYNC switch determines the type
of synchronizing errors counted.

@ ERROR COUNT SWITCH SYNC (S)
POSITION: The error counter is advanced each
time the SMC-200 goes out of sync.

® ERROR COUNT SWITCH BIT (B)
POSITION: The error counter is advanced each
time an incorrect sync bit is received. Five sync

bits must be missed before an out-of-sync
condition occurs.

- ERROR GENERATOR SYNC (S)
SWITCH (Momentary): The sync characters are
output on the HIGH-SPEED SEND line and
cause the remote unit to go out of sync during
normal operations. It can also cause the local unit
to go out of sync when in high-speed, loop-back
operation.

OFF: Normal operation.
ON: Generates error sync character.

® RESYNCHRONIZATION SWITCH
(SYNC) (Momentary): This switch is used on
systems not designed for automatic resynchroni-
zation.

OFF: Normal operation.

ON: Initiates RESYNC cycle. If an Auto-
matic Delay Compensator (ADC) is associated
with the SMC-200, the automatic sync feature
may or may not be enabled. If disabled, the
operator must do the following to regain sync:

1. Switch the ADC to manual mode, when
applicable.

2. Zeroize/clear the buffer on the ADC.

3. Manually sync the SMC-200 by momen-
tarily depressing the SYNC switch until
sync is reestablished.

4. Switch the ADC to automatic mode, when
applicable, and reset buffers and alarms.

INPUT/OUTPUT Modem (IM Card)

This card has the following controls and
indicators:

e TEST SWITCH:

OFF: Normal operation.
ON: Test mode operation.

To respond to the TEST switch, the TEST
OVERRIDE switch must be turned to the ON
position. When these conditions are met, the
channel can be tested by:

1. Injecting TEST CHARACTER to LOW-
SPEED SEND.

2. Injecting TEST CHARACTER to LOW-
SPEED RECEIVE. .
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3. LOW-SPEED BUS-BACK.
4. HIGH-SPEED BUS-BACK.

The test to be performed is selected on the
HS card.

DATA RECEIVE (R) LAMP: This lamp
monitors the data output by this card to the
low-speed channel. (It is the data received from
the high-speed line.)

OFF: MARK line condition.
ON: SPACE line condition.

DATA SEND (S) LAMP: This lamp
monitors the data input to this card from the
low-speed channel. (This data is sent by the
high-speed line.)

OFF: MARK line condition.
ON: SPACE line condition.

CARRIER LAMP:

OFF: The carrier is being detected by the
modem associated with this channel.

ON: The carrier is not being detected
by the modem associated with this channel.
(This lamp is normally biased in an OFF
condition.)

PHASOR ERROR (R) LAMP:

OFF: No phasor-detected error.
ON: A RECEIVE phasor error has been
detected.

The lamp is turned OFF by depressing the RESET

" pushbutton on the control panel. The RECEIVE
PHASOR (R) lamp monitors errors associated
with the DATA SEND (S) lamp.

INPUT/OUTPUT SMOOTHING
Card (IS Card)

This card has the following controls and
indicators:

TEST SWITCH: To respond to this TEST
switch, the TEST OVERRIDE switch must be
turned to the ON position.

OFF: Normal operation.
ON: Test mode operation.

When these conditions are met, the channel can
be tested by:

1. Injecting test characters to LOW-SPEED
SEND.

2. Injecting test characters to LOW-SPEED
RECEIVE.

3. LOW-SPEED BUS-BACK.
4. HIGH-SPEED BUS-BACK.

The test to be performed is selected on the HS
card.

® DATA RECEIVED (R) LAMP: This lamp
monitors the data output by this card to the
low-speed channel. (Data is received from the
high-speed line.)

OFF: MARK line condition.
ON: SPACE line condition.

® DATA SEND (S) LAMP: This lamp
monitors the data input to this card from the
low-speed channel. (This data is sent by the
high-speed line.)

e CARRIER LAMP:

OFF: The carrier is being detected by the
modem associated with this channel.

ON: The carrier is not being detected
by the modem associated with this channel.
(Normally, this lamp has been biased permanently
to an OFF condition.)

® PHASOR ERROR LAMP, RECEIVE (R):
This lamp is turned off by depressing the RESET
pushbutton on the control panel.

OFF: No phasor-detected error.
ON: A RECEIVE phasor error has been
detected.

@ PHASOR ERROR LAMP, SEND (S):
This lamp is turned off by depressing the RESET
pushbutton on the control panel.

OFF: No phasor-detected error.
ON: A SEND phasor error has been
detected.
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INPUT/OUTPUT TERMINAL Card

This card has the following controls and indi-
cators:

® TEST SWITCH: To gain response from
this switch, the TEST OVERRIDE switch must
be in the ON position.

OFF: Normal operation.
ON: Test mode operation.The channel
can be tested by:

1. Injecting TEST CHARACTER to LOW-
SPEED RECEIVE.

2. Injecting TEST CHARACTER to LOW- .

SPEED SEND.
3. LOW-SPEED BUS-BACK.
4. HIGH-SPEED BUS-BACK.

The test to be performed is selected on the HS
card.

® DATA RECEIVE (R) LAMP: This lamp
monitors the data output from this card to the
low-speed channel. (This data is received from the
high-speed line.)

OFF: MARK line condition.
ON: SPACE line condition.

® DATA SEND (S) LAMP: This lamp
monitors the data input to this card from the
low-speed channel. (This data is sent by the
high-speed line.)

SMC-200 COMMON CONTROL CARDS

An operational SMC-200 has four common
control cards and one or more per-channel
input/output cards. Cards are mounted in three
card nests within the SMC-200, with the common
control cards centrally located. Channel cards 2
through 13 occupy nest A; common control cards
and channel cards 14 through 20 occupy nest B
(card II, type 4, the SYNC MONITOR card, is
also the channel 1 card); and channel cards 21
through 32 occupy nest C.

SYSTEM CLOCKING

Low-speed synchronous channels to be
multiplexed into the aggregate, high-speed,
synchronous-channel data stream use low-speed
channel clocks, derived by dividing a single clock

-

frequency within a system. These low-speed clocks
are submultiples of the system clock and, as such,
assure that the total data on the high-speed
channel is the sum of the low-speed rates.
Mixing of rates is performed efficiently by
servicing high rates more frequently than slower
ones within a system. After the division, all of
the clocks generated will differ in phase; no two
clocks within a system will sample or transmit data
simultaneously.

Low-speed channels in systems using the
SMC-200 operate in bit synchronism; that is, all
low-speed clocks are generated from a single clock
frequency within a system. This system clock can
be the internal clock from a master modem or
from an ultra-stable station clock.

Master Modem Clock

A master modem clock is a modem using an
internally supplied send clock in the form of a
stable station clock. (A slave modem is a modem
using the derived receive clock as the modem’s
external send clock.) The send clocks for all
low-speed channel modems are generated by
dividing the high-speed clock down to the required
frequency. The low-speed receive clocks are the
derived modem receive clocks that have the same
frequencies as the initial send clock. When using
the clock of the master modem as the system
clock, this modem clock must have sufficient
accuracy and stability for operating the low-speed
modems interfaced to the SMC-200.

Terminal Clocking

The terminal receive clock and send clock are
both supplied by the SMC-200 which, in effect,
makes the terminal receive and send data rates
dependent on the SMC-200. It is this dependency
that makes it possible for the SMC-200 to steal
synchronizing bits from a terminal channel, while
simultaneously handling data. (This feature
cannot be used with modems.)

SYNCHRONIZATION

Synchronization is achieved by using part of
one of the slowest speed data channels within a
system. During out-of-sync conditions, fast
resynchronization is assured by placing only the
synchronizing pattern onto the high-speed line.
Synchronizing is based on the bit formats of the
high-speed scan cycle and the sync frame. The
high-speed scan cycle is the number of bits
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between the synchronizing channel bits within a
frame. The sync frame is the number of bits
between the sync characters. The out-of-sync
condition is determined by a missed sync character
counter, which increments by one for each
incorrectly received sync bit. If the counter attains
a count of five, an out-of-sync condition is
assumed and resynchronizing is initiated. Upon
detecting the correct sync format, the missed sync
counter is reset.

PHASOR OPERATION

Low- and high-speed channels that interface
modems have phasors to compensate for phase
shift, transmission delays, and doppler shifts in
the receive data streams. These phasors buffer
several bits of data for each receive channel and
allow data to be clocked in and out of the buffer
by the receive clock and the internal SMC-200
clock, respectively. In this manner, slight timing
changes caused by the transmission media will not
cause loss of data. Should radical timing changes
occur, causing a buffer to overflow or to become
empty, the phasor is automatically reset to its
optimum operating position.

MULTIPLEXING DATA ONTO A
HIGH-SPEED CHANNEL

Received data from low-speed channels
(modems or terminals) is clocked into the phasor
buffers, where it is temporarily stored until it is
clocked onto the high-speed send line by the
proper phase of the divided-down system clock.
Since the division is such that no two low-speed
clocks are ever in phase, each low-speed bit will
occupy unique positions within the aggregate
high-speed bit stream. These bits correspond to
channels that are identified by their position in
relation to the synchronizing bits.

DEMULTIPLEXING A
HIGH-SPEED CHANNEL:

Data arriving on the high-speed receive
channel is distributed to the proper low-speed send
channel by the divided-down system clock.
Channel identification is performed on the basis
of the bit position in relation to the synchronizing
bits of the data frame. A high-speed receive
phasor is used to compensate for phase shift,

transmission delays, and doppler shifts in the
high-speed receive data.

HALF-DUPLEX OPERATION

Half-duplex operation is a mode of operation
in which received data enters an SMC-200 under
control of an independent modem-derived receive
clock. The modem-derived receive clock runs at
the speed of the remote modem-generated clock
and is not derived from the SMC-200 system
clock. In this mode of operation, it is assumed
that the derived receive clock does not drift too
far (in relation to the SMC-200 system clock) so
as to cause errors during the period of data trans-
mission. If a card is programmed for half-duplex
operation, it will be alternately switched between
an idle or OFF state and a data transfer or ON
state. When the unit is in the OFF state, its phasor
is constantly being set to its optimum position.
The unit will switch from the OFF to the ON state
when the carrier detector lead from the modem
goes ON, and a voltage transition is detected
on the received data lead from the modem. This
unit will switch from an ON to an OFF state
when the carrier detector lead from the modem
goes OFF.

Data transmission operates in both direc-
tions. For sending data, a modem external
send clock is supplied by the SMC-200. The
half-duplex mode of operation is used in applica-
tion where the remote modem cannot use its
derived receive clock as the external send clock
and, therefore, uses its own internal clock for
sending.

TIMEPLEXERS, T16/20

Timeplexers are general-purpose, time-division
multiplexing systems enabling transmission of
large numbers of low-speed, asynchronous,
synchronous, and isochronous channel data over
a single, dedicated, full-duplex voice or high-speed
circuit. They interface with data sets, computers,
and terminal equipment. They may be used
in both analog and digital communications
systems.

INDICATORS AND CONTROLS

Timeplexers are made up of both high- and
low-speed control cards. These cards have specific
indicators and controls, which will be defined in
the following paragraphs.
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High-Speed Control Cards

The following indicators and controls are on
the high-speed control cards:

® OUT-OF-SYNC LAMP: Lights if the local
timeplexer is out of synchronization (out of sync).

® REMOTE OUT-OF-SYNC LAMP: Lights
if the remote timeplexer is out of sync and the
local unit is in sync. The lamp may be lit or unlit
if both units are out of sync.

® CARRIER OFF LAMP: Lights if there is
no carrier signal present on the transmission
facility. (The lamp is normally biased with
+ 12 volts and should always be off.)

e HS LOOPBACK SWITCH: (1) Loops the
output data for test purposes, when in the ON
position. (2) Transmits the data from the local
timeplexer to the remote timeplexer, when in the
OFF position.

® OUT-OF-SYNC TEST PUSHBUTTON
SWITCH: (1) Alters the high-speed send sync
pattern to test the synchronizing logic in the local
or remote timeplexer, when in the ON position.
(NOTE: Data interruption occurs during this test.)
(2) Transmits the normal sync pattern, when in
the OFF position.

o HS SEND DATA LAMP: Indicates the
high-speed send line activity; the ON state
indicates line spacing.

e HS RECEIVE DATA LAMP: Indicates
the high-speed receive line activity; the ON state
indicates line spacing.

Low-Speed Control Cards

The following indicators and controls are on
the low-speed cards.

o HARDWARE ALARM LAMP: Lights
with the TEST CHAR ERROR lamp when
enabled through the common alarm logic.

TEST CHAR ERROR LAMP: Lights if
low-speed logic malfunctions are detected by a
continuously circulating test character, which is

generated when a channel card LOOPBACK
switch is set to TEST.

® CHAR GEN TEST PUSHBUTTON
SWITCH: Forces a test character error to test the
error indicating logic.

Modem Card (Type MN, Revs. A and B)

When set to the ON position, this loopback
switch loops the high-speed send line to the
high-speed receive line for test purposes.

Modem Card (Type MN, Revs. C and D)

This card has the following indications and
controls:

® LOOP TEST LAMP: Lights when the
card is in the local loopback state.

® REMOTE LOOP LAMP: Lights when the
card is in the remote loopback state.

e REMOTE LOOP/LOCAL LOOP
SWITCH: (1) Causes the remote modem to loop
its digital send data to its receive data (on the
timeplexer side), so that both the modems and
the line can be tested by an operator at either
end, when in the REMOTE LOOP position.
(NOTE: The remote loopback feature is inopera-
tive on MN cards, Revs. C and D.) (2) Loops the
high-speed analog send line to the high-speed
analog receive line for test purposes, when in the
LOCAL LOOP position.

Modem Card (Type MP, Revs. C and D)

This card has the following indicators and
controls:

® 256 LAMP: Lights and remains lit after
the 256 parity errors have been detected in receive
data characters.

® LAMPS 16, 8, 4, 2, AND 1: Indicate, in
binary code, the number of parity errors detected
in the receive data characters.

® LOOP TEST LAMP: Lights when the
card is in the local loopback state.

REMOTE LOOP LLAMP: Lights when the
card is in the remote loopback state.
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PARITY SWITCH: Selects either the
high- or low-speed parity mode. The RST position
resets the parity counter and extinguishes all
error lamps.

REMOTE LOOP/LOCAL LOOP
SWITCH: (1) Causes the remote modem to loop
its digital send data to its receive data (on the
timeplexer side), so that both the modems and
the line between can be tested by an operator at
either end, when in the REMOTE LOOP posi-
tion. (NOTE: The remote loopback feature is
inoperative on MP Cards, Revs. C and D.) (2)
Loops the high-speed analog send line to the
high-speed analog receive line for test purposes,
when in the LOCAL LOOP position.

Modem Interface Card (Type EP)

This card has the following indicators and
controls:

256 LAMP: Lights and remains lit after
256 parity errors have been detected in the receive
data characters.

LAMPS 8, 4, 2, AND 1: Indicate, in
binary code, the number of parity errors detected
in the receive data characters.

PARITY SWITCH: Selects either the
high- or low-speed parity mode. The RST position
resets the parity counter and extinguishes all
error lamps.

Synchronous Channel Cards
(Types AD and M-AD)

These cards have the following indicators:

SEND DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

RCV DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

Asynchronous Channel Card (Type AL)

This card has the following indicators and

controls:

SEND DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

® RCV DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

LOOP LAMP: Lights when the loopback
is accomplished.

® [LOOPBACK SWITCH: Initiates the fol-
lowing:

1. TEST POSITION: Circulates a low-
speed test character through the timeplexer. This
test character is checked for errors. If an error
exists, the TEST CHAR ERROR lamp on the
low-speed control card will light. It also causes
the send function 3 (busy out) to come on, and
may be used to busy out a local modem. Digital
data from a terminal will be looped back to that
terminal.

2. REMOTE POSITION: Loops the cor-
responding channel card at the remote digital
interface toward the originator. Outputs the send
function 3 (busy out) at the remote location and
causes the incoming data from a terminal or
modem attached to this remote interface to be
looped back onto itself.

3. OFF POSITION: Permits normal card
operations.

Asynchronous Channel Cards
(Types AC, CP, ACC, AS, and ACS)

These cards have the following indicators and
controls:

® SEND DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

® RCV DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

® SEND/RCYV F1, F2, AND F3 LAMPS:
Indicates the status of the control signals; when
the lamp is on, indicates function on (positive).

o REMOTE LOOP LAMP: Indicates the
remote terminal is in the loopback state.

® LOOPBACK SWITCH: Initiates the fol-
lowing:

1. TEST POSITION: Circulates a low-
speed test character through the timeplexer. This
test is checked for errors. If an error exists, the
TEST CHAR ERROR lamp on the low-speed
control card will light. It also causes the send
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function 3 to come on, and may be used to busy
out a local modem. Digital data from a terminal
will be looped back to that terminal.

2. REMOTE POSITION: Loops the cor-
responding channel card at the remote digital
interface toward the originator. Outputs the send
function 3 (busy out) at the remote location and
causes incoming data from a terminal or modem
attached to this remote interface to be looped back
onto itself.

3. OFF POSITION: Permits normal card
operation.

Asynchronous Channel Card (Type ACM)

This card has the following indicators and
controls:

® SEND DATA LAMP: Indicates the line
status; when the lamp is on, indicates the
transmitting space frequency (analog).

® RCV DATA LAMP: Indicates the line
status; when the lamp is on, indicates the receiving
space frequency (analog).

® DTR LAMP: Indicates the data terminal
ready to answer a call.

® DSR LAMP: Indicates the data set ready
to begin transmission.

® RTS LAMP: Indicates the data terminal
desired to transmit (request to send).

® CTS LAMP: Indicates the modem ready
for transmission (clear to send).

® OH LAMP: Indicates that the terminal has
answered a call and is off the hook.

® RI/CD LAMP: (1) Indicates the ring
indicator, when the DSR lamp is in the OFF
position. (2) Indicates the receive carrier, when
the DSR lamp is in the ON position.

® REMOTE LOOP LAMP: Indicates that
the remote multiplexed channel has been suc-
cessfully looped back.

® LOOPBACK SWITCH: Initiates the fol-
lowing:

1. TEST POSITION: Circulates a low-
speed test character through the timeplexer. This

test character is checked for errors. If an error
exists, the TEST CHAR ERROR lamp on the
low-speed control card will light. It also causes
send function 3 to come on, and may be used to
busy out a local modem. Digital data from a
terminal will be looped back to the terminal.
(NOTE: When the ACM card is looped by a
remote channel card, the ACM card goes off the
hook and loops its analog transmitters to its
receiver. In the ACM 1 card, the transmitter fre-
quency is shifted, and the send filter is not
included in the loopback path.)

2. REMOTE POSITION: Loops the cor-
responding channel card at the remote digital
interface toward the originator. Outputs the send
function 3 (busy out) at the remote location and
causes incoming data from a terminal or modem
attached to this remote interface to be looped back
onto itself.

3. OFF POSITION: Permits normal card
operation.

Current Loop Channel Card (Type CL)

This card has the following indicators and
controls:

® FUSE: Protects the external power supply
and each circuit. When blown, the yellow
indicator appears at the bottom of the fuse.

® SEND DATA LAMP: Indicates the line
status; when the lamp is on, indicates marking (up
to revision level A cards); when the lamp is off,
indicates spacing (starting with revision level B
cards).

® RCV DATA LAMP: Indicates the line
status.

® REMOTE LOOP LAMP: Lights when
the LOOPBACK switch is set to the REMOTE
position.

® LOOPBACK SWITCH: Initiates the fol-
lowing:

1. TEST POSITION: Circulates a low-
speed test character through the timeplexer. This
test character is checked for errors. If an error
exists, the TEST CHAR ERROR lamp on the
low-speed control card will light. The TEST posi-
tion also causes the current loop line to be looped
onto itself, so that a local terminal receives its own
send data.
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2. REMOTE POSITION: Loops the cor-
esponding channel card in the remote timeplexer,
both toward the remote terminal and toward the
timeplexer.
3. OFF POSITION: Permits normal card
operation.

Synchronous Channel Card (Type SE)

This card has the following indicators and
controls:

SEND DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

REC DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

OFF-LINE LAMP: Lights when the
LOOPBACK switch is set to the REMOTE
position.

RCV F LAMP: Lights when the carrier is
not received by the associated modem.

LOOPBACK SWITCH: Loops the demul-
tiplexed send data back to the receive data line,
and loops so that a remote synchronous terminal
attached to a remote timeplexer can make
loopback tests. Permits normal card operation in
the OFF position.

synchronous Channel Card (Type SC)

This card has the following indicators and
controls:

SEND DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

RCV DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

SEND/RCV Fl1, F1, AND F3 LAMPS:
Indicates the status of the control signals; when
the lamp is on, indicates function on (positive).

® CAR DET LAMP: Lights when the carrier
signal is present.

® REMOTE LOOP LAMP: Indicates that
the remote channel card has been looped back
successfully.

e LOOPBACK SWITCH: Loops the cor-
responding channel card in the remote timeplexer
toward the originator, so that data and control
signals can be sent through both multiplexers and
the high-speed facility. If the card being looped
at the remote end is attached to a modem, con-
trol function 3 is raised. Permits normal card
operation when set to OFF.

Isochronous Channel Card (Type IS)
This card has the following indicators:

® SEND DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

® RCV DATA LAMP: Indicates the line
status; when the lamp is on, indicates spacing.

® FAST-SEND CLOCK LAMP: Indicates
when the send clock is outputting data faster than
normal.

® SLOW-SEND CLOCK LAMP: Indicates
when the send clock is outputting data slower than
normal. :

® CARRIER OFF LAMP: Indicates when
the carrier signal is not present.
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APPENDIX V

OPERATING PROCEDURES OF THE
HALCYON HC-520B2
UNIVERSAL TEST SYSTEM

INTRODUCTION

The HALCYON HC-520B2 Universal Test
System is a multifunction instrument designed
to measure the significant circuit parameters
that affect voice band data transmission. This
appendix will provide detailed information re-
garding the HC-520B2 equipment.

CONTROLS, INDICATORS,
AND CONNECTORS

Controls, indicators, and connectors, and
their functions, are discussed in the following
paragraphs.

FRONT PANEL CONTROLS

The front panel controls are grouped into four
categories: mode selection, receiver controls,
transmitter controls, and display controls.

-Mode Selection

The SELECT pushbuttons select the measure
mode, automatically configure both the receiver
and the transmitter, and position the LED cursor
located adjacent to the following switches to
which parameter is being measured:

1. P/AR Mode (Peak-to-Average Ratio): The
transmitter generates a pulse train of known
peak-to-average ratios through the system. The
P/AR receiver measures the absolute peak and
full-wave rectified average values of the pulse train
and displays their ratios on a zero-suppressed
scale.

2. NOISE Mode: A 1004-Hz tone is trans-
mitted, and the receive signal is passed through
a notched weighting network and is measured by
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a quasi-rms-type detector. The noise power is
displayed in dBrn or dBrn0. By depressing the
S/N button, the 1010-Hz notch filter is disabled.
This is used to evaluate the signal-to-noise
ratio.

a. Either a C-MESSAGE or a 3-kHz
FLAT weighting network may be selected by the
third pushbutton switch.

b. The noise measurement may be referred
directly to O TLP, rather than to test tone level,
by means of the NOISE-TLP CORRECTION
switch. The difference, usually 13 dB, is selected
by a set of PC-mounted thumbwheels. In effect,
this switch inserts 13 dB of loss in the receiver.

c. Idle line noise measurements may be
made with the TRANSMIT FUNCTION switch
in the QUIET position.

3. PHASE JITTER Mode: A 1004-Hz tone
is transmitted, and peak-to-peak phase changes
of the received holding tone distortion products
are measured and displayed directly in degrees.

4. NONLINEAR DISTORTION Mode: Two
tone pairs, centered at 860 Hz and 1380 Hz, are
transmitted. The 2nd and 3rd order distortion
products are measured and displayed as a ratio
of the tone level.

a. Eight 2nd order products are measured
in narrow bands centered at 520 Hz (B-A)
and 2240 (B+A). Six 3rd order products are
measured in a narrow band centered at 1°00 V-
(2B-A).

b. The S/N switch removes the upper
frequency tone pair and increases the level of
the remaining pair by 3 dB. This feature is used
to check the noise content in the measurement
slots.

5. DELAY Mode: A modulated. -aiui’
frequency oscillator drives the transmitter and
the phase of the receive signal is compared to
that of the transmitted signal. The iclative
phase (phase variation) between the reference



frequency and the measuring frequency is dis-
played in microseconds.
a. The REF pushbutton is used to zero-set
the display reading at the reference frequency.
b. The normal damping state is LO;
however, for noisy circuits, the DELAY DAMP
switch may be set to HI for a steadier reading.
¢. The SYNC control may be used to set
the frequency of the local modulating signal to
exactly coincide with that of the received signal
to measure envelope delay on a two-wire line.
6. REPEAT Mode: The receiver demodulates
the receive signal. It then uses this modulation
envelope to remodulate the transmitted carrier.

Level changes at the input will also be repeated.

back on the transmit level.

7. HIT MEASUREMENTS Mode: A
1004-Hz holding tone is transmitted and the
receiver monitors the input signal for transient
variations in gain, phase, impulse noise, and signal
dropouts.

a. The START switch clears the hit
counters and starts the timing cycle.

b. The counting period is controlled by a
three-position toggle switch that is used to select
5 minutes, 15 minutes, or CONTINUOUS.

¢. The transient thresholds are controlled
by three sets of thumbwheels: GAIN hits may be
set from +/~ 1dBto +/— 6 dB. PHASE hits
may be set from 5 degrees to 45 degrees.
IMPULSE noise may be set from 40 dBrn0 to
99 dBrn0.

Receiver Controls

The following paragraphs discuss the func-
tions of the receiver controls:

1. LEVEL IN Thumbwheel Switches: Control
the signal level presented to the receiver by means
of a step attenuator. The value of this attenuation
is indicated directly in dB. The level detector
autoranges from +9.9 to —50 dB relative to
this setting. The displayed value is also in terms
relative to this setting.

2. 600 or 900 ohms Pushbutton: Selects the
impedance of the instrument. It controls both the
transmitter source impedance and the calibration
impedance of the receiver.

3. TERM-BRDG Pushbutton: Bridges or ter-
minates the receiver.

4. C-MSG/3-kHz Pushbutton: Conditions
the noise-measuring circuits and selects the

noise-weighting network, which may be either a :

C-MESSAGE or a 3-kHz FLAT. Both filters have
a 1010-Hz notch (995 to 1025 Hz).

5. NOISE-TLP CORRECTION Switch:
(Marked TLP REFERENCE on early models.)
Conditions the noise reading, either corrected
(dBrn0) or uncorrected (dBrn). To measure
impulse noise correctly, this switch must be in the
corrected (dBrn0) position.

Transmitter Controls

The following paragraphs discuss the uses of
the transmitter controls:

1. OSCILLATOR, 1004-Hz, and 4-TONE
P/AR TRANSMIT—STATUS LEDs: Controlled
by the mode SELECT switch.

2. LEVEL OUT Thumbwheel Switches: Set
the transmit signal. The maximum undistorted
output of the transmitter is +9 dBm.

3. MAN, AUTO, and SGL Switches: Control
the tuning method and allow manual tuning,
automatic sweep, or single sweep. Tuning controls
are effective in the AMPLITUDE RESPONSE,
DELAY, and REPEAT modes.

4. TUNE Control: Manually adjusts the
oscillator frequency to any value from 200 to
4000.

5. CONT/SF Pushbutton: Causes the trans-
mitter to skip the frequency band 2450 to
2750 Hz.

6. CONT/LOCK Switch: Causes the tuning
to lock to the nearest 1004-Hz increment.

7. SWEEP RATE Control: Adjusts the rate
at which the VCO sweeps the transmitter across
the band. This may be varied from approximately
one sweep per 1.5 seconds to infinitely slow.

8. 83 1/3-25 Pushbutton: Selects either of
these for modulation frequency (DELAY and
REPEAT modes).

9. TRANSMIT FUNCTION Switch: Modi-
fies the normal function of the instrument to
provide some special-purpose features:

a. QUIET: Disables the normal trans-
mitter functions and provides a termination to the
TRANSMIT line. The termination value is either
600 or 900 ohms, as selected by the impedance
switch.

b. TALK: Allows the instrument to be
used as a four-wire telephone. The HEADSET
jack will be connected to the receive and transmit
lines when this function is selected.

c. DIAL/HOLD/XFR: Permits use on
two-wire, dial-up lines. In the DIAL position, the
DIAL jack (310-wired T-R-S) is connected to the
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transmit line. The transition from DIAL to
HOLD is made by a make-before-break contact,
and the dial jack is disconnected in this posi-
tion. In the XFR position, the transmitter and
receiver are interchanged behind the front panel
jacks.

Display Controls

The following paragraphs discuss the display
control functions:

1. Measure Frequency: Is displayed in the
right (green) window, in Hz, and the value of the
parameter being measured is displayed in the left
(red) window. :

2. RCV/XMT Switch: Selects the side to
which the frequency counter is connected. An
LED in the display window indicates which
is selected. Two ‘“Non-Valid Measurement’’ indi-
cators are provided:

a. OUT OF RANGE: Illuminates when
the signal being measured is of amplitude greater
than can be measured accurately by the level
detector. The input attenuator may be adjusted
to reduce the level presented to the detector.

b. 1004-Hz LOST: Flashes whenever a
1004-Hz mode has been selected and such a tone
is not detected at the input.

3. HIT MEASUREMENTS: There are seven
registers associated with these measurements. The
contents of any one register may be displayed
by positioning the illuminated cursor to the
appropriate counter, using the pushbutton switch.
The TIME LED will flash when counting is in
progress.

REAR PANEL CONTROLS

The following paragraphs discuss the rear
panel control and their uses.

1. Monitor Speaker with Volume Control:
- Located on the rear panel.

2. RECEIVE IN/TRANSMIT OUT Jacks:
Banana-plug jacks that parallel the front panel
jacks.

3. NORM-EXPD Switch: Increases the ver-
tical deflection sensitivity from 5 dB per division
to 2 dB per division.

4. 24-Pin Connector: Remotes various func-
tions to external display or counting devices.
Connections provided are:

FUNCTION PIN
Gain Hit 1
Phase Hit 2
Impulse 3
Impulse +4 4
Impulse +8 5
Dropout 6
Phase Jitter 10
Ground 12
Y-Axis 13
X-Axis 14
Ground 24

HALCYON 500B
MAINFRAME CONTROLS

The 500B dual-memory, digital storage oscillo-
scope has, in addition to the normal oscilloscope
controls, two controls to select memory func-
tion and the type of signal to be displayed.
(VERTICAL and HORIZONTAL output jacks
are provided on the rear panel to supply “X’’ and
““Y’* drives for remote displays.) The mainframe
controls are:

1. POWER Switch: Controls the primary
power supply.

2. ILLUM Control: Varies the graticule
scale lighting.

3. FOCUS and INTENSITY Controls: Ad-
justs the CRT beam to the desired brightness and
sharpness.

4. MEMORY Switch: Determines which
memory is placed in operation.

5. MODE Switch: Combination function
and display select switch used to determine how
the incoming signal is processed and which signal
is being displayed. The positions are:

a. CLEAR: This position establishics -
baseline in the selected memory at the bottom line
of the screen.

b. LOAD: The selected memory is loaded
with the response signal from the instrument
module.

c. INPUT: The input to the scope (re-
sponse measurement) is presented directly oi: ti.:
screen.

d. MEMORY: The display is derived frnm
the selected memory.
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e. INPUT and MEMORY: The stored
response curve in memory and the active input
are displayed simultaneously.

f. DYNAMIC: Both A and B memories
are displayed. The B memory is also updated
continuously by the scope input signal.

SET-UP PROCEDURES

The following paragraphs give the steps in the
set-up procedures:

1. Select correct operating voltage, 117 or
230 VAC, using switch located near power recep-
tacle on rear panel of mainframe.

2. Connect power cord to receptacle and
to ac line.

3. Turn power on, using switch on front panel
of mainframe.

4. Connect the four-wire circuit to TRANS-
MIT and RECEIVE jacks, using 310-type plugs
(front panel) or banana connectors (rear panel).
A two-wire circuit should be connected to
the TRANSMIT jack only. Similar test sets are
required at either end of a circuit for most testing.
The general operating procedure is as follows:

a. Select correct impedance (600 or 900
ohms).

b. Terminate receive line. Measurements
may be made on a bridging basis if the line is
terminated by another test set or device.

¢. Set TRANSMIT FUNCTION switch to
NORMAL, unless otherwise specified.

d. Select test to be made. The single set
of controls configures both the transmitter and
the receiver.

e. Adjust secondary controls, including
filter selection, sweep rate, modulation, and so
forth. If the circuit uses SF signaling, select SF.

f. Read parameter value. (NOTE: All
measurements are made by using a signal level
equal to data level: —13 dBm0.)

5. The correct levels are:

Data set, transmit port 0 dB
Test board, MOD IN -29 dB
DEMOD OUT -6 dB
Data set (subscriber receiver) —16 dB

SELF-CHECK PROCEDURES

The following self-check procedures are in-
tended td quickly determine the basic operating

condition of all measurement parameters of the
520B test set:

1. Connection:

a. Connect TRANSMIT to RECEIVE on
the front panel, using a 310 patchcord, or

b. Connect TRANSMIT OUT to RE-
CEIVE IN on the rear panel with banana
connectors.

2. Initial control settings:

TRANSMIT FUNCTION NORM

LEVEL OUT 00
LEVEL IN 00
600-900 600
TERM-BRDG TERM
C-MSG-3-kHz C-MSG
CONT-SF CONT
83 1/3-25 83 1/3
CONT-LOCK LOCK
AUTO-SGL-MAN MAN
NORM-EXPD NORM (BACK PANEL)
DISPLAY OFFSET CAL (FULLY
CLOCKWISE)
GAIN dB 1
PHASE DEG 05
IMPULSE dBrn0 40
RCV-XMT SELECT XMT
NOISE-TLP dBrn
CORRECTION
5-15-CONT 15
SWEEP RATE FULLY CLOCKWISE

DELAY DAMP

LO

3. Procedures

a. Select AMP RESP dB: Adjust TUNE
to 1004 Hz on FREQ display. Level display should
read 00.0 +/— .1 dB. Adjust LEVEL OUT to
—10. Display should read —10 +/— .1 dB.
Adjust LEVEL OUT to —20. Display should read
20.0 +/— .1 dB. Return LEVEL OUT to 00.

b. CRT Display: For units equipped with
the 500B display system, set MODE switch on the
500B unit to CLEAR position momentarily to
clear display and then to load position. Memories
A, B, or A + B, may be selected. Adjust
illumination, focus, and intensity, as required.
The dot on the CRT should coincide with 0-dB
line on graticule + /- .2 dB, with LEVEL OUT
set to 00. Set LEVEL OUT to — 10 dB. The dot
on the CRT should be at —10 dB +/— .2 dB.
Reset LEVEL OUT to 00.
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c. P/AR Mode: Set LEVEL IN and
LEVEL OUT to 00 and select P/AR mode. The
P/AR LED should light and display should read
100 +/— 1.

d. NOISE Mode: Select NOISE mode
(TLP switch set to dBrn), TRANSMIT function
switch set on quiet, and LEVEL IN and LEVEL
OUT switch set on 00. Digital display must read
10 dBrn or less. Reset TRANSMIT function to
NORMAL. Noise reading must be 39 dBrn or
less. Depress S/N switch. Reading must be 90
dBrn or less.

e. PHASE JITTER: Select 0 JITTER and
read less than .2 degrees.

f. NONLINEAR DISTORTION: Select
NONLINEAR mode and select second with
toggle switch. Reading must be —70 dB or lower.
With toggle switch in third position, reading must
be —75 dB or lower.

g. ENVELOPE DELAY-SELECT DE-
LAY: Tune oscillator to 1800 Hz and depress S/N
switch. Digital display should read 0000
microseconds +/— 5%.

TEST PROCEDURES

The following paragraphs explain test proce-
dures to be used with the HALCYON HC-520B2
system.

CIRCUIT LOSS MEASUREMENT

Circuit loss is measured by transmitting a
1004-Hz tone at data level (or other specified
level) and measuring the received signal with a
level meter. The following procedures apply:

1. Control position check:
a. Circuit impedance, 600 ohms.
b. Receive line terminated.
¢. TRANSMIT FUNCTION in NORM
position.
d. DISPLAY OFFSET in CAL position.
2. Position for transmitting a 1004-Hz test
signal:
a. Select AMP RESP; OSC LED will
illuminate.
b. Adjust TUNE knob to obtain 1004 Hz
on the (XMT) FREQ Hz display.
c. Set LEVEL OUT to test tone level
(10 dB below TLP).
3. Procedure for measuring signal level:
a. Set LEVEL IN at expected receive level
(10 dB below receive TLP).

b. Read the circuit gain deviation directly
in dB. The absolute receive level is equal
to the LEVEL IN setting, plus the
display reading.

c. Read RECEIVE frequency and note
any offset from the frequency trans-
mitted at the distant end.

d. On instruments equipped with the
Signal Impairment Display (SID), check
pattern closely and observe any distor-
tion caused by line impairments.

P/AR MEASUREMENT (OPTION)

The P/AR measurement is designed to be
sensitive to envelop delay distortion and gain
bandwidth reduction. It is largely insensitive to
the normal steady interferences or impairments
on a channel, such as harmonic distortion, noise,
and phase jitter. It is completely immune to the
transient phenomena.

1. Control position check:
a. Circuit impedance, 600 ohms.
b. Receive line terminated.
¢. TRANSMIT FUNCTION switch in
NORM position.
2. Test procedure:
a. Select P/AR; the P/AR LED will
illuminate.
b. Set LEVEL OUT at test tone level.
c. Read P/AR rating. A reading of 100
signifies no pulse degradation.

(NOTE: The validity of this measurement is
subject to some controversy. Therefore, its use
is to be confined to developing a confidence
factor in the measurement itself.)

IDLE CHANNEL NOISE
MEASUREMENT

This test determines the amount of noise
present within the bandwidth of the channel under
test. The noise is a combination of all the
disturbances occurring within the channel band-
width and includes noises caused by thermal
effects, cross-talk, nonlinearities, and so forth.

1. Control position check:
a. Circuit impedance, 600 ohms.
b. TRANSMIT FUNCTION in QUIET
position.
DISPLAY OFFSET in CAL.
. C-MSG filter selected. -

ao
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2. Test procedure:
a. Set NOISE-TLP CORRECTION to
dBrn0.
b. Select NOISE, dBrn0.
¢. Read ICN on display in dBrnc0.

C-NOTCHED NOISE MEASUREMENT

The C-NOTCHED noise measurement is
used for compandered, T, or similar PCM carrier-
derived lines. This measurement is made to
determine the amount of signal uncorrelated noise
present when a tone, equal in level to that present
during actual operation, is transmitted. This tone
is notched out in the receiver, then a normal noise
measurement is made. The noise power, in dBrn,
is then subtracted from the tone level to obtain
the signal to noise ratio in dB.

1. Control position check:
a. Select 600, TERM, C-MSG, and
CONT.
NOISE-TLP CORRECTION to dBrn0.
TRANSMIT FUNCTION in NORM.
Set LEVEL OUT to test tone level.
Set LEVEL IN to test tone level
(i.e., so that display would read 0 dB
if in the AMP RESPONSE mode).
2. Test procedure:
a. Select NOISE. The 1004-Hz transmit
LED will be illuminated.
b. Read C-notched noise directly in
dBrnc0.
c. Operate S/N pushbutton and read tone
level in dBrn0.
d. Subtract C-notched noise from tone
level to obtain S/N in dB.

oo o

NOISE-TO-GROUND MEASUREMENT

Noise-to-ground measurements are performed
to determine and evaluate the level of common
mode noise (longitudinal voltage) present on
facilities.

1. Control position check:
a. Circuit impedance, 600 ohms.
b. DISPLAY OFFSET in CAL position.
c. Select C-MSG.
d. Select BRDG.
e. Select NOISE.
f. Set LEVEL IN to -00 dB.
2. Test procedures:
a. Set noise-to-ground adapter impedance
to 600.

b. Insert adapter into RECEIVE jack.
¢. Connect line to RECEIVE input jack

of adapter.
d. Add 40 dB to DISPLAY reading.
€. Corrected reading is in dBrn.

PHASE JITTER

This test measures the degree of maximum
peak-to-peak phase jitter.

I. Control position check:
a. LEVEL IN and LEVEL OUT to — 10

dBmO.

b. Select 600, TERM, C-MSG, and
CONT.

c¢. TRANSMIT FUNCTION to NOR-
MAL.

2. Select 0 JITTER. Read peak-to-peak
jitter in degrees. If the 1004-Hz LOST indicator
is illuminated, the holding tone is not being
received.

NONLINEAR DISTORTION

Two pairs of tones, centered at 860 Hz
and 1380 Hz, are transmitted over the line
at an aggregate power level of —10 dBmO.
Second order products (sum and difference)
are measured in two narrow bands, and 3rd
order products (1380 + 1380 — 860) are measured
in one narrow band. Noise contribution in
these bands is also measured by removing
one of the tone pairs. Noise reading is noted
and correction is made for correct distortion
reading.

1. Control position check:

a. Select 600, TERM, C-MSG, and
CONT.
TRANSMIT FUNCTION in NORM.
DISPLAY OFFSET to CAL.
NOISE/TLP CORRECTION to dBn.
LEVEL IN and LEVEL OUT to — 10
dBmO.

2. Select NONLINEAR with toggle in 2nd.
Note reading and record. Switch toggle to 3rd.
Note reading and record. Depress S/N pushbutton
and note and record reading in 2nd and 3rd. Cor-
rect the readings obtained by noting the difference
between readings taken with S/N depressed and
released. Add the correction factor taken from
the chart below to the first pair of readings

oao0 o
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(i.e., difference of 5 dB has a correction factor
of 2 dB).

DIFFERENCE (dB):

1 2 3 4&5 6-9
CORRECTION (dB): 7 5 3

2 1

AMPLITUDE RESPONSE
(FREQUENCY RESPONSE)

This test measures the spread of insertion loss
or gain across the bandwidth of the channel. Loss
frequency characteristics are given in terms of
comparison to the measured loss at 1004 Hertz.
For example, in the S1 schedule, the loss fre-
quency characteristic should not exceed the range
of 2 dB less loss (=) to 6 dB more loss (+)
between .3 to 3.0 kHz when compared to the
measured loss at 1004 Hertz.

1. Control position check:

a. Select 600, TERM, and C-MSG.

b. Select CONT (SF if circuit uses in-band
signaling).

TRANSMIT FUNCTION in NORM.
CONT/LOCK select LOCK.
SGL/AUTO/AUTO select MAN.
LEVEL OUT to — 10 dBm0.
Select AMP RESPONSE.
Select XMT.
On the 500B (CRT display), select
MEMORY A and CLEAR memory.
Switch to EXPD.
. Observe FREQ display and adjust
TUNE control to 1004 Hz.
Switch to REC.
m. Adjust LEVEL IN and DISPLAY
OFFSET to exactly 00.00 on display.
Note that the CRT dot is at 0 dB and
1.0 kHz.

2. For a point-by-point reading, slowly tune
the transmitter across the band, starting at 301
Hz. Read the level deviation at the receiver, in
+/~ dB, as each new frequency comes up.
Switching the MODE control on the 500B unit
to MEMORY will cause a response curve to be
displayed on the CRT.

= N )

[o——

. ENVELOPE DELAY

This test measures the envelope delay distor-
tion across the bandwidth of the channel under
observation.

1. Control check:
a. Select 600, TERM, C-MSG, 83 1/3,
and LOCK.

b. Select SF only if line uses in-band
signaling.

¢. LEVEL IN and LEVEL OUT to —10
dBmO.

d. Select MEMORY B on the 500B unit
and CLEAR memory.

e. Select EXPD.

f. Select DELAY.

g. Depress REF.

2. With the FREQ display in REC, tune cross
the band from 300 to 3000 Hz. Switch the MODE
control on the 500B unit to MEMORY. From the
trace on the CRT, determine the lowest point and
note the frequency. Tune to that frequency and
depress REF. Clear the memory on the CRT and
switch to load. The display should now read 000
+ / — 20 microseconds, with the dot on the CRT
at 0 delay and at the frequency selected. Starting
at 300 Hz, adjust the tune control across the band
and record the reading or sweep the band, using
SGL or AUTO sweep.

HIT MEASUREMENTS

This measurement mode measures line tran-
sients, including GAIN HITS, PHASE HITS,
IMPULSE NOISE at three levels, and DROP-
OUTS. (The DROPOUT measurement is preset
to record dropouts 12 dB and below and requires
no adjustment.)

1. Control check:

a. Select 600, TERM, and C-MSG.

b. TRANSMIT FUNCTION in NORM.

¢. EXPD/NORM to NORM.

d. LEVEL OUT and LEVEL IN to —10
dBm0.

e. Select time period of 15.

f. Adjust GAIN to 2, PHASE to 20,
and IMPULSE to 71.

g. Set TLP correction to dBrn0.

h. Select HIT MEASUREMENTS.

2. Depress START. Display will read 0000,
and LED above time will be flashing. At the end
of the 15-minute time period, the display will read
15, and the LED above time will stop flashing.
Read the GAIN, PHASE, and IMPULSE hits by
positioning the LED cursor above each of these.

(NOTE: The accumulated count in any register
may be examined at any time without disturbing
the counting process.)
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APPENDIX VI
CODEX LSI-9600 MODEM

INTRODUCTION

A typical modem used by NAVSECGRU and
SPINTCOMM facilities is the CODEX LSI 9600.
Figure AVI-1 illustrates a pair of CODEX LSI

9600 modems with closed front covers. Figure :

AVI-2 illustrates the front covers open. The
control and indicator functions are described in
table AVI-1.

OPERATION

To apply ac power to the modem, turn
on the power switch on the rear panel of
the power supply. After completion of a brief
training period (synchronization), if the local
and remote modems are in operation and
passing data, the following LED indications
should exist:

TEST: Off
CARR LOSS: Off
MARG CKT: Off

GOOD DATA:

RCV DATA: Flashes (yellow) for marks
in data received from the remote modem. Lights
steadily during idling periods when a constant
mark is received.

XMT DATA: Flashes (yellow) for marks
when the local data terminal is delivering transmit
input data to the modem. Lights steadily during
idling periods when data from the local terminal
is a steady mark.

Lighted (green)

If the lamp indications given are NOT
obtained following the power turn on and
if the red TEST lamp is flashing, one of the
test switches is activated. To correct this condi-
tion, lower the front panel and locate the test
switch that is on (depressed). Press this switch
to release the test function and to extinguish the
TEST lamp.

Modem operation is normally completely
unattended other than for occasional monitoring
of lamp indications.

317.45

Figure AVI-1.—Closed doors on CODEX LSI modems.
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317.46

Figure AVI-2.—CODEX LSI-9600 Modems with front covers open.

Table AVI-1.—CODEX LSI-9600 Modems Controls and Indicators

Control/Indicator

Function

Power ON/OFF switch
(rear panel)

Voltage Selector
switch (power supply)

MDM CHK switch
(motherboard)

DATA CLAMP switch
(motherboard)

e

Controls the application of ac power to the dc power supply.

Switches between 115/230-VAC input power.

Causes the TEST lamp to blink, terminates the transmit and receive
telephone lines in 600 ohms, and loops the modem transmitter output
to the receiver input through the AGC. The local data terminal
provides data to, and receives data from, the local looped-back
modem.

Causes the TEST lamp to blink, blocks transmit input data, and
clamps the transmit data input to a space condition that can be traced
through the communications link. The receiving modem displays
any error outputs when its DATA CLAMP switch is also activated,
allowing the bit error to be approximately determined without having
to use a test pattern generator.
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Table AVI-1.—CODEX LSI-9600 Modems Controls and Indicators (continued)

Control/Indicator

Function

DC BUS switch
(motherboard)

AUD BUS switch
(motherboard)

LAMP CHK switch
(motherboard)

Data RATE thumb-
wheel selector (A4 Card)

GOOD DATA
indicator
(A4 Card)

MARG CKT
indicator
(A4 Card)

CARR LOSS indicator
(A4 Card)

TEST dial indicator
(A4 Card)

XMT DATA lamp
(A3 Card)

Causes the TEST lamp to blink, isolates the local data terminal from
the modem by looping the terminal’s data and clock output back
to its input, and connects the local modem receiver output data to
the transmitter data input. The remote modem receives its own
transmitted data back through the local modem and telephone lines.
The switch is also used with the four-channel multiplexer option.

Causes the TEST lamp to blink, and connects the receive telephone
line through the receiver’s AGC to the transmit output amplifier. The
transmit audio signal, which normally feeds the transmit output
amplifier, is connected to the receiver input, post-AGC. This allows
the local data terminal to receive its own output data back through
the local modem transmitter and receiver, and provides an audio loop-
back for the remote modem through the local modem’s transmit
output amplifier and receiver AGC circuits.

Lights all the modem indicator lamps. Does not affect normal data
transmission and reception.

Selects the data rate for the following positions:

Position Bit Rate Baud Rate
1 9600 2400
2 7200 2400
3 4800 2400
4 4800 1600

When the averaged amplitude error is below a threshold corre-
sponding to a bit error rate of 1 X 1073, a green GOOD DATA LED
indicator is lit. For a bit error rate greater than 1 ¥ 107° but less than
1 x 1074, the GOOD DATA lamp remains lit, and a yellow LED
indicator, MARG CKT, also lights. A bit error rate worse than
1 x 10™* extinguishes the green GOOD DATA LED, leaving only the
yellow MARG CKT LED on. The GOOD DATA lamp signal is
brought through the A4 card’s CG strap to output interface lead CG
for use by the data terminal. This indicator is visible through the
front panel.

Lights when the received signal from the remote modem transmitter is
lost. This red LED indicator is visible through the front panel.

Blinks when any test switch is pressed and lights continuously if the
DDD switch is in the BACKUP position. This red LED indicator
is visible through the front panel.

Lights for a mark at the transmit logic data input, indicating transmit
input data activity. This yellow LED indicator is visible through the
~front panel.
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Table AVI-1.—CODEX LSI-9600 Modems Controls and Indicators (continued)

Control/Indicator Function

RCV DATA lamp
(A3 Card)

Lights for a mark at the receive logic data output, indicating receive
output data activity. This yellow LED indicator is visible through
the front panel.

Data RATE indicators
(72, 48) (A3 Card)

The upper one indicates 7200 bps data rate, and the lower one
indicates 4800 bps data rate. These red LED indicators are visible
through the front panel.

RTS indicator
(motherboard)

Lights when the data terminal provides a Request to Send data
signals to the modem transmitter. This is a red LED indicator.

CTS indicator
(motherboard)

Lights when the modem transmitter is ready to accept data from
the terminal. This Clear to Send indicator has a red LED.

DSR indicator
(motherboard)

Lights when power is on and the modem is not in the TEST
mode. This Data Set Ready indicator has a red LED.

DCD indicator Lights when the received audio signal is detected. This Data Carrier

(motherboard)

Detect indicator has a red LED.

SYSTEM TEST AND FAULT
ISOLATION PROCEDURE

The test switches and indicator lamps built
into the LSI-9600 Data Modem allow a rapid,
four-step check of the data terminals, modems,

~and lines. This procedure can be used both to
verify normal system operation and to isolate
faulty equipment in the event of failure. The
results of each test step immediately verify the
operational performance of each unit in the sys-
tem or provide a positive indication of equipment
failure.

To determine the operation of data system
equipment and circuit lines, ensure that all units
are energized and are normally configured. Press
the LAMP CHK switch to ensure that all indicator
lamps are operating. Then, perform the following
test steps in the order given.

1. This step determines the performance of
the local data terminal.

a. Lower the swing-down front panel on
the local modem, and press the DC BUS switch.
This isolates the data terminal and connects
the modem receiver output to its own trans-
mitter input in a loopback mode, as shown in
figure AVI-3.

b. Normal operation of the data terminal
verifies its own performance, together with that
of the terminal-to-modem interface cable and line
drivers and receivers.

c. When the data terminal operational
status check is completed, lower the swing-down
front panel, press the DC BUS switch again
to restore the normal mode, and go to Step 2 of
this procedure.

(NOTE: An additional diagnostic is provided with
the four-channel multiplexer option to enable
loopback of each individual port.)

CODEX LSI DATA MODEM

DATA DATA
AND
(483 E .
XHY
XHTR » I LINE
_LK_
DATA
TERMINAL
le———
ATA

RCV
RCVR sac || LINE

o j i

Figure AVI-3.—Modem test configuration: local modem
in dc busback mode.
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2. This step determines the performance of
the local modem.

a. Press the MDM CHK and the DATA
CLAMP switches (in that sequence). This ter-
minates the local modem VF lines in 600 ohms
and connects the local modem transmit output
amplifier back to its own receiver through the
AGC. Transmit input data from the terminal is
inhibited, and the XMT DATA indicator is
disconnected. Data Set Ready and Clear to Send
signals to the terminal are held low. (The modem
check configuration is shown in figure AVI-4).

b. This test verifies proper operation of the
local modem modulator and demodulator cir-
cuitry. When random errors are present, the RCV
DATA indicator will blink on for each erroneous
bit. During proper test mode operation, all of the
following modem lamp indications should be
observed:

TEST: On
XMT DATA: Off
RCV DATA: Off

CODEX LSI DATA MODEM

DATA I l > ]
| XHTR ] b 630
| Lk __
DATA 1
TERMINAL :l

600 I ACV
1}
l RCVR 4 LINE
DATA < I l

Figure AVI-4.—Modem test configuration: local modem
in modem check mode. -

CODEX LOCAL LST DATA MODEM

GOOD DATA: Off
MARG CKT: Off
CARR LOSS: Off

c. Release the modem DATA CLAMP
switch to switch the transmitter back to its normal
data input. If the transmit input is at a Space
Hold condition, both the XMT DATA and RCV
DATA indicators should remain off. If the
transmit data input is in a Mark Hold condition,
both the XMT DATA and RCV DATA indicators
should come on. All other lamp indications
should remain as observed previously in step 2b.

d. Release the MDM CHK switch. If
correct lamp indications have been observed
at both the local and remote sites, both modems
are operating properly. Continue with the re-
mainder of this procedure to determine modem
operation over the circuit lines.

3. This step determines the ability of each
modem to receive its own transmitted signal
after it is looped back from the distant modem’s
receiver AGC and transmit output amplifier
circuits. See figure AVI-5. The looped-back signal
is merely turned around in the audio stages of the
looped-back modem; it is not equalized, decoded,
or regenerated. The distortion of the received
loopback will, therefore, be approximately double
that of a normal received signal. Thus, this step
provides an indication of the receiver equalizer’s
ability to provide usable received output data with
double the normal amount of line distortion.

a. Request the operator at the remote
modem to press the AUD BUS switch. Then, the
operator at the local modem presses the DATA
CLAMP switch. This connects the local trans-
mitter output through the transmit line and the
receiver AGC, and the transmit output amplifier
of the remote modem, back over the receiver line

CODEX REMOTE LSI DATA MODEM

DATAI ’ :
' XMTR
CLK
LOCAL
DATA l
TERMINAL CLK
le — ~ —
RCVR

» RCVR l
Gk
DATA
4 XMTR

REMOTE

|CLK TERMINAL

Figure AVI-5.—Modem test configuration: remote modem in audio busback mode.
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to the local modem receiver in a loopback. See
figure AVI-5.

b. At the local site, observe the modem
front panel indicators. Ideally, the following
indications may be observed:

TEST: On
XMT DATA: Off
RCV DATA: Off
GOOD DATA: On
MARG CKT: Off
CARR LOSS: Off

c. Depending on circuit line quality, the
MARG CKT indicator may flash on occasionally
or remain on. Also, random receive data errors
can be expected, as evidenced by the RCV DATA
indicator flashing on for every bit error. As in the
previous test, the frequency at which the RCV
DATA lamp flashes on during a 5-minute interval
indicates the typical BER. The BER count
obtained in this test indicates how well the
receiver equalizer operates under conditions of
high line distortion, as well as checking the
ability of the receiver timing and carrier recovery
circuits to remain synchronized.

d. Reverse the system loopback (i.e., at
the local site, release the DATA CLAMP switch
and press the AUD BUS switch. At the remote
site, release the AUD BUS switch and press the
DATA CLAMP switch.

e. After the modems retrain, the indica-
tions at the remote site should be similiar to
those previously observed at the local site. If
proper indications are observed, the modems are
operating properly over the facilities.

f. Release all test switches to restore
the system back to the normal data mode. Go
to step 4.

CODEX LOCAL LSI DATA MODEM

4. This step determines the performance of
the local and remote modems and VF line circuits.
This step also determines each modem’s ability
to receive a transmitted signal from the other site,
properly equalize and decode the signal, and then
loop this regenerated signal into the transmitter
for transmission back to the originating modem.
See figure AVI-6).

a. At the local modem, press the DATA
CLAMP switch; at the remote modem, press the
DC BUS switch.

b. At the local site, observe the modem
front panel indicators. The following indications
should be observed (the indications given are for
ideal conditions and may vary slightly in the
actual circuit):

TEST: On
XMT DATA: Off
RCV DATA: Off
GOOD DATA: On
MARG CKT: Off
CARR LOSS: Off

c. While observing the indications at the
local modem, closely watch the MARG CKT
indicator and RCV DATA indicator. Depending
on line quality, both of these indicators may
occasionally flash on. The frequency at which
the RCV DATA indicator flashes determines
the BIT. If the BER is satisfactory, the circuit
lines may be considered as operating normally.
(NOTE: It is possible for the MARG CKT
indicator to flash on while the RCV DATA
indicator appears off. The MARG CKT indicator
responds to the average noise and distortion in
the demodulator, and is a qualitative indicator
of receive signal quality.)

CODEX REMOTE LSI DATA MODEM

uATAIl >
I XMTR
LK
_____ -
LOCAL
DATA
TERMINAL | CLK
- - — - --
I RCVR

RCVR
CLK
-- - -
REMOTE
] DATA

I CLK TERMINAL

XMTR

Figure AVI-6.—Modem test configuration: remote modem in dc busback mode.
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d. Light green GOOD DATA lamps at the
local and remote modems indicate normal opera-
tion of both modems, the VFR circuits, and the
local data terminal.

e. If it is convenient for the remote
operator, request a check of the operation of the
remote data terminal, which is looped back to
itself in this mode. Proper operation of the remote
data terminal verifies its performance together
with that of the terminal-to-modem interface
cable.

f. Reverse the system loopback (i.e., at
the local site, release the DATA CLAMP switch
and press the DC BUS switch. At the remote site,
release the DC BUS switch and press the DATA
CLAMP switch.)

g. After the modems retrain, the indica-
tions at the remote site should be similar to
those previously observed at the local site. If
proper indications are observed, the modems are
operating properly and circuit line quality can be
considered good; reset the modem test switches
to allow normal operation. This completes the

system test and fault isolation procedure.

If the normal indications listed for steps 1

through 4 of the previous procedure have been
obtained, the data communications system is
operating properly. If incorrect indications are
obtained in any step of the procedure, see table

AVI-2 for assistance in determining the faulty
equipment. :

Table AVI-2.—System Fault Isolation

Improper .
Indication Faulty Equipment
Obtained
in Step: Local Site Remote Site
1 Data terminal (also possible
terminal-to-modem interface
cable or modem line driver/
receiver trouble).
2 Modem, if step 1 is normal.
3 Telephone circuits, if steps 1 Possible receiver AGC and/or transmit output
and 2 are normal. amplifier trouble.
4 Modem, if steps 1, 2, and 3 were normal.
If the remote operator is able to check the
data terminal in this step, but cannot obtain
normal operation of the terminal (which is looped
back to itself in this mode), the data terminal,
terminal-to-modem cable, or modem line driver/
receiver is faulty.
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APPENDIX VII
GLOSSARY OF TERMS

A

Acceptance test.—The operating and testing
of a communications system, subsystem, or
component to ensure that the specified per-
formance characteristics have been met.

ACK.—The abbreviation for Acknowledge
Character.

Acknowledge Character (ACK).—A transmis-
sion control character transmitted by a receiver
as an affirmative response to a sender. (NOTE:
An acknowledge character may also be used as an
accuracy control character.)

Acknowledgment.—1. A protocol data unit,
or element thereof, between peer entities to
indicate the status of data units that have been
previously received. 2. A message from the
addressee informing the originator that his com-
munication has been received and understood.

A-condition.—The significant condition of
the element in a start-stop teletypewriter sys-
tem that precedes a character signal or block
signal. The A-element prepares the receiving
equipment for the reception of the code elements.
(Synonym: start signal.)

Acoustic noise.—An undesired audible dis-
turbance in the audio frequency range.

Alarm indicator.—A device that responds to
a signal from an alarm sensor; e.g., a bell, lamp,
horn, gong, buzzer, or a combination thereof.

Amplitude distortion.—The distortion occur-
ring in a system, subsystem, or device when the
output amplitude is not a linear function of the
input amplitude under specified conditions.

Amplitude frequency response.—Synonym:
insertion-loss-vs-frequency characteristic.

Amplitude Modulation (AM).—A form of
modulation in which the amplitude of a carrier
wave is varied in accordance with some char-
acteristic of the modulating signal.

Amplitude-vs-frequency distortion.—The dis-
tortion in a transmission system caused by
the non-uniform attenuation, or gain, of the
system with respect to frequency under speci-
fied operating conditions. (Synonym: frequency
distortion.)

AMPS.—The acronym for Automatic Mes-
sage Processing System.

Analog data.—The data represented by a
physical quantity that is considered to be contin-
uously variable and whose magnitude is made
directly proportional to the data or to a suitable
function of the data.

Analog signal.—1. A signal that makes use of
electrical or physical analogies (i.e., varying
voltages, frequencies, and distances) to produce
a signal of a continuous (rather than of a pulsed
or discrete) nature. 2. A nominally continuous
electrical signal that varies in some direct correla-
tion to another signal impressed on a transducer.
(NOTE: The electrical signal may vary its fre-
quency, phase, or amplitude in response to
changes in certain phenomena or characteristics.
such as sound, light, heat, position, or pressuic.)

Analog-to-Digital (A-D) conversion.—The
conversion of an analog signal to a digital signal.

Analog-to-Digital (A-D) converter.—A dcvice
that converts an analog input signal to 2 digital
output signal carrying equivalent informatinn

Analog transmission.—The transmission nf
continuously variable signal as opposed

transmission of a discretely varying signal.
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Antenna.—Any structure or device used to
collect or radiate electromagnetic waves.

Antenna gain.—The ratio of the power
required at the input of a reference antenna to
the power supplied at the input of the given
antenna to produce, in a given direction, the same
field at the same distance. (NOTE: When not
specified otherwise, the figure expresses the gain
in the direction of the radiation main lobe. In
services using scattering modes of propagation,
the full gain of an antenna may not be realizable
in practice and the apparent gain may vary with
time.) (Synonym: power gain of an antenna.)

Antenna lobe.—A three-dimensional section
of the radiation pattern of a directional antenna
bounded by one or more cones of nulls or regions
of diminished intensity.

Asynchronous communications system.—A
data communications system in which extra signal
elements are added to the data to synchronize
individual data characters or blocks. (NOTE:
The time spacing between successive data char-
acters or blocks may be of arbitrary duration.)
(Synonym: start-stop system.)

Asynchronous network.—Synonym: non-
synchronous network.
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