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I. Introduction to Long Range Inputs

A. Scope of Course

1. This text presents both an introduction to LRI and
also a detailed explanation of the LRI equipment.

2. A short review of Tape Core Theory is given.

3. A detailed presentation of the LRI Monitor frame ana
consoles, both old and new systems.

B. Inputs in General

1. Introcuction

The AN/FSQ-7 Combat Direction Central is a data-
processing system of the high-speed digital-computer
type performing operations on data in binary form.

It receives information of the air defense situation
continuously, automatically, and in large volume, and
must process this information without delay. These
requirements call for an elaborate Input System, quite
different from anything usually found in data-processing
systems. Input Systems in general, and then the
AN/FSQ-7 Input System, are discussed below.

2. Input Systernis in Genera:

a.

Consider first a simple data-processing system such

as a desk calculator. This instrument is a slow-speed
mechanical, decimal, digital computer. It is capable

of accurate and efficient computation, but a means

must be provided for the operator to introduce into the
machine the problem which he wishes solved. This

means is the calculator keyboard. The operator expresses
the problem by depressing keys which, in turn, operate the
necessary mechanisms in the machine. The keyboard is the
input ''system'' of the calculator.

More elaborate mechanical and electronic-mechanical
data-processing systems can process a much greater
volume of data in a given time than any desk computer.

In fact, data cannot be inserted manually into such a machine
fast enough to take advantage of its capabilities, and is
therefore transferred to punched cards or punched tapes.
This makes possible an accumulation of input data which

the computer can then accept at a rate compatible with its
data-processing capacity
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Computing machines operating by means of moving

parts are inherently slow compared to modern electronic
computers using pulsed electronic signals. Again,
however, the Input System must be adequate to the
potentialities of the computer. Modern computers,
therefore, transfer data to magnetic tapes or drums or
to magnetic core or flip-flop registers: temporary
storage devices capable of releasing data to the computer
at high-speed regardless of the speed at which the data
was originally introduced.

In all of the systems considered above, data is, ina
sense, prepackaged; i.e., offered in a form most
suitable to the operation of the machine. Under these
circumstances a comparatively simple Input System
suffices. However, the AN/FSQ-7 Combat Direction
Central is not an isolated machine; it is part of the
SAGE Complek. This relationship imposes a special
set of operational requirements on the Central and

on its Input System, which must, specifically, be
adequate to the following conditions:

1) Input data originates at distant points and is
transmitted to the Combat Direction Central
over phone lines. The data format and rate of
transmission is established by phone-line
characteristics, not by the characteristics of
the computer.

2) Input data is of several types. Each type originates
at many sources. The computer must be capable of
processing data of all types and from all sources.

3) The types and densities of data traffic are
determined by the tactical situation, not by
computer requirements. The Input System must
accept all data, make the necessary discernments
as to its validity, process it, store it temporarily,
transfer it according to certain priority specifications,
etc. The result of these steps, the ''product'' of the
Input System, is analogous to the prepackaged input
to more conventional computers. The Input System
might also be thought of as a digital computer feeding
another digital computer.

The Input System of the AN/FSQ-7 Combat Direction
Central receives three types of data:

1) Long-range radar input (LRI): data from long-range
radar (P) sites.
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2) Gap-filler input (GFI): data from gap-filler
sites, supplementing the long-range radar sites.

3) Crosstell (XTL): data from other Combat
Direction or Combat Control Centrals.

These three types of data are processed by the LRI,

and XTL elements, respectively. In addition,
the Input System includes a LRI monitor associated
with the LRI element and a test pattern generator
(TPG) used to test the three elements.

LRI Data Flow

1.

Block Diagram - Over-all

npr | CHANNEL _DCOMMON CENT.
SITE EQUIP. EQUIP. COMP.,

a. P Site - LRI site
1) Target detected

a) Up Graded

1) MTI
2) FGD
3) Mapping

2) Message generated
3) Message transmitted

b. Channel equipment

1) Message received and processed
2) Temporary storage

c. Common equipment

1) Provide transfer path from channel
to drum.

d. Drums - Storage ,

e. Computer - Final processing

2. P Site

a. Radar equipment
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1) Search radar (Fine Grain Data - FGD) 4., .3 =~ SCTE

a) Range 200 miles

b) 1/4 mile increments

c) Azimuth increments
Approx. .19

2) Mark X equipment

a) Sends out a signal which when received
by aircraft equipped with MK X causes
that equipment to return a coded message
to the land-based MK X set. The coded
message identifies the aircraft as friendly.

b) The indication of a friendly aircraft is sent
to the AN/FST-2 where it is combined with
the Search Radar return on that aircraft to
make-up a complete MK X Radar message.

3) Height finding radars
a) Two at each P site
b) Each covers 1800 of terrain
c) Output upon request - either Computer
or Manual.
Computer equipment - AN/FST-2 (at P site)

1) Beam splitting

a) Enables azimuth of search radar to
come in 0.1° increments.

2) Convert radar returns to binary information.

3) Controls transmission sequence of messages
over two outputs. One output it sends MK X
and Search Radar messages and on the second
it sends MK X, Search, and Height Finder radar
messages with Height messages having priority.

4) Temporary storage awaiting transmission.

5) Combines MK X inputs with Search Radar to
give a MK X Radar message.
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Transmission equipment - DDT's

(¢}

1) Digital Data Transmitters
a) Amplitude modulaticn cf a carrier

2) Phone Lines

.
a) Me:roages sent over two phone iines - qw
for reliability - Circuit 1 and 2. 2 4 :‘ ‘?

b) May be sent over one iine oniy to a site
if data from this radar is necessary during
an emergency. Then the phone line would
be Circuit 1.

d. P Site Block Diagvam To an even
LRI
channel
aamee® CKT ]
SEARCH . {poT o=
RADAR 'Dk\— ----- -
AN / CKT 2 5
/ '
NN .
~/ R N
MARK X J—_—*s- . :
EQUIP. H>H MIXER[ . e
el | DDT |—p>
/ / L e
EEIGHT //
FINDER —f>" |
RADAR AN/FST-2 DDT |ft> ./
\ .
To an odd
D. Transmission of Data LRI

1. Repetition rates

a.

channeh

"Timing' pulses

1) Ewery1/1300 sec. - 770 usec.
2) Continuous transmission

"Data'' pulse

1) Random

2) Represents a ''l"

3) Co-incident with and in place of a timing pulse
4) Twice the amplitude of timing pulses.
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c. 'Sync' pulse

1) Represents a timing control.

2) Every 52/1300 sec. - 40 M Sec.

3) Transmitted whether data is present or not.

4) Three times the amplitude of timing pulses
used to synchronize in our equipment, also
in tel. equipment to set AGC level.

2. One P site supplies information for 2 LRI channels
normally a pair (an odd and even).

.

a. Two different messages may be transmitted
simultaneously.

b. One of the two channels will receive any of the
three message types - odd channel.

c. Other channel will not receive HF messages -
other two message types &iily - even channel.

E. Phone Line and Drum Words

1. Introduction to LRI Messages, Fine Grain Data message,
Height Finder message and Mark X message all have the
following makeup:

* Total of 52 bits
Sync first
Two zeros
Busy-bit - indicates a message being transmitted -
always a 1 - no message, no busy bit.
Twenty-two data bits
Parity count of first 22 bits (even)
Twenty-two data bits

. Parity count of second 22 bits (odd)

. Two zeros

Sync of next message

a0 o

5o oo

e e
.

2. Introduction to LRI Drum Words
a. Drum word one
1) Parity odd

2) Contains site ID plus data from message
word 2.
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b. Drum word two

1) Parity odd
2) Contains clock time plus data from message
word 1.

c. Input word terms explained
d. Site identity bits

1) R12-R15 of Drum Word One
2) Binary coding identifying source of message.

e. Clock Time Bits

1) R1-6 of Drum Word Two .
2) Binary count indicating the time at which
the message was written on the drum.

( 3. ) Analysis of LRI Search Data

a. Long-range search radar data is upgraded at the
radar site by these processes: moving target
indicator (MTI), fine-grain data (FGD), and manual

mapping.

b. The MTI apparatus endeavors to eliminate all
radar returns except those produced by a moving
object.

c. Fine-grain data apparatus uses the technique of
beam-splitting to achieve a much higher degree of
azimuth resolution when locating a target than is
possible with conventional radar. (Beam-splitting
notes the azimuths at which the first and last
radar returns are received from a target during
one sweep and then computes the average or middle
azimuth. The disadvantage of beam-splitting -- the
time delaybetween initial detection of a target and
the reporting of the averaged azimuth -~ is overcome
by noting the duration of the delay in the LRI message).
Fine-grain data apparatus also tends to reject noise
by establishing minimal criteria for an acceptable
target.

d. Finally, manual mapping is used to eliminate unwanted
radar returns which have survived the other filtering
techniques. In manual mapping, targets are presented
on a display screen and an operator uses an opaquing
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fluid to blot out those targets or areas which are

of no tactical significance. Un-opaqued target
indications are picked up by a photoelectric device,
and generate descriptive messages for transmission
to the Combat Direction Central. These messages
contain the following information:

1) Target range from the radar set Note: Refer to
Page 0090
.2) Target azimuth with respect to true north for Message
from the radar set. Layout

Time delay between initial detection of
target and transmission of message.

gpgth, indication of size of target or
existence of multiple targets at reported
location.

5) Message label which identifies the message
source as search radar rather than IFF
or height finder.

e. It is the function of the LRI common and channel
equipment to change the message makeup into the
two drum words.

4. Analysis of Mark X Data

a. The MK X IFF radar beacon enables radar systems
to distinguish between friendly and hostile aircraft.
Friendly aircraft carry transponders (receiver-
transmitters) which reply in a prescribed code when
interrogated by a ground interrogator (transmitter-
receiver). The response is usually displayed alongside
the radar return, indicating to the operator that the
target is friendly.

b. The MK X IFF radar beacon sends messages to the Note: Refer to

Direction Central which contain the following Page 0110
information in binary form: for Message
Layout

1) Target range from the radar set

2) Target azimuth with respect to true north
from the radar set.
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3) Time delay between initial detection of
target and transmission of message, up to
16 seconds, with an accuracy of 1/4 second.

4) Seccurity identification feature (SIF), if used.

5) Message label which identifies message
source as IFF rather than search radar or
height finder.

c. In order to obtain a simultaneous report of the
MK X IFF response with the radar report of the
target, the MK X set and its associated radar are
synchronized, when sweeping, in azimuth and
range. This synchronization allows the MK X IFF
to generate range and azimuth infermation on
friendly targets by noting the radar azimuth when
a response is received and the time between
interrogation and response. The IFF range and
azimuth data is in FGD form.

d. The LRI channel and common equipment will
convert the message into the two drum words
illustrated on Page

~

5. Analysis of Height Finder Data

a. The height-finder radar equipment associated with
a P-site supplies target-height data on specific
targets to the Combat Direction Central in response
to requests received from the Central. The height-
finder radars are semiautomatic; that is, the radar
antenna is automatically positioned to the azimuth
of-the target for which height information is requested.
In ‘addition, the range cursor on the range-height
1nd1cator is automatically positioned at target range.
The last measured or estimated height is also supplied
to the height-finder operator to aid in identifying the
target. New target height determined by the height-
findey is automatically encoded and sent to the DC as
part of the height-finder request. The height-finder
message contains the foll‘owmg information in binary

form:

1) New target height. Note: Refer to
Page 0130

2) Predominate formation of multiple targets. for Message

make-up.
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3) Separation between aircraft in multiple

targets.

4) Number of aircraft.in multiple targets.

5) Reauest number.

6) Address identifying which of two height-

finders is replying.

7) Special reply (if any).

8) Message label which identifies the message
label as height-finder rather than search

radar or IFF.

6. Analysis of GFI Data

a.

The mapping of the gap filler radar will be done
at the "P'" site. The gap filler illformation will
then be fed into the A/N FST-2 wmere it will be

sent to the LRI, input equipment.

The incoming GFI message has a 52 bit format, as
in all messages.coming to the LRI element.
message consists of the gap filler number, range
and azimuth of the target and message label.
c. Maximum of six GFI sites per ‘‘P’’ site.

F. Physical Layout of Unit Number 41

1. Channel equipment

a.

b.

36 channels

1) Numbered 1 thru 36
2) 9, 10, 27 and 28 are spares

Two channels per module

2. Common equipment

a.

Two commons

1) Common A fer Camputer A
2) Common B for Computer B

Three modules per common.

0120

Note:

Refer to
Page 0150
for Message
make-up
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3. Channel assignment

Channels '1-18 supply data for LRI-1 field

Channels 19-36 supply data for LRI-2 field

Channel 9 is spare for 1, 3, 5, 7, 11, 13, 15 & 17
Channel 10 is spare for 2, 4, 6, 8, 12, 14, 16 & 18
Channel 27 is spare for 19, 21, 23, 25, 29, 31, 33 & 35
Channel 28 is spare for 20, 22, 24, 26, 30, 32, 34 & 36

'rﬁ/lgj
0o on0to e

4. Module Assignment for Unit 41
LRI 1 LRX A
Module Channel Module Channel

H Common A t/ Vv Common B
U

G. LRI Controls on Simplex Maintenance Console y g} \”\ W\ (]
N J N i
1. Function of Simplex Maintenance Console

a. Maintenance control of simplexed portions of
Input System.

b. A control panel provided for each channel of
inputs.

c. Control of input test pattern generators.
2. Long Range Inputs

a. One panel for each 36 channels.

b. Bottom half of modules C thru H.

c. FEach module in Unit 41 (LRI) contains two channels.
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d. Status of both channels in a module is controlled by
the Unit Status switch on the Odd Channel control
panel.

e. The Spare channels always replace a channel pair:
that is, one LRI module.

3. Long Range Panel Controls
a. Associate indicator or control with panel location.
b. Include the following:

1) Channel Ready set alarm - will not be cleared
by '""Clear Alarm'' - there will be no audible
alarm. The Channel Ready 1 neon is now in
the upper left-hand corner of the Alarms and
no longer in the bottom neon panel.

2) Channel Ready switch - allows a readout
protection circuit to be tested. Located in the
position of the blank switch in Data Circuits
panel.

c. Flip-flop neons will not be discussed at present.
They will be discussed later when their function
is known.

H. Introduction to the Long-Range Radar Input Monitor

1. LRI messages in transit to the Drum System are also
made available to the LRI monitor. The LRI monitor
provides the means for selecting LRI data for display.

It thus enables operating personnel to make preliminary
analyses of LRI coverage and data independently of the
Central Computer, and it assists maintenance personnel
to evaluate the operational efficiency of the Input System.

2. The LRI monitor consists of three display consoles, units
620, 622, and 623, and the LRI monitor control unit, unit 93,
which contains the circuits that serve all three consoles,
LRI messages are selected for display by means of keyboard
controls at the consoles or, in the case of units 620 and at an
auxiliary control console, unit 953, The following selection
principle is employed. Each processed LRI message contains
a message label indicating whether the message contains
search, MK X IFF, or height-finder data, and a site identity
code (added in the drum input section) indicating the source
of the data. An operator selects a message or messages for
display by using the keyboard controls to specify the message label.
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and site identity of interest to him. The target information
in the selected messages is then presented, in PPI form,
on the cathode-ray tube (CRT) of the display console at
which, or for which, the display was requested.

3. Functionally, the LRI monitor consists of four sections: digital,
analog, display, and switching. The digital section accepts the
LRI message, determines whether it has been selected for
display by comparing its message label and its identity with
requests expressed at keyboard controls, and begins the
processing of the target information in selected messages.

The analog section transforms the digital target information

into analog form, The display section presents the target
information in a PPI display on one or more of the CRT screens,
The switching section contains the circuitry used to express
message selections and to associate the consoles with either the
active or the standby duplex machine,.

1. Introduction to the Test Pattern Generator

1. General

a. Test Pattern Generator is provided to generate test
signals simulating the phone-line inputs to the Input
System. The equipment is essentially three test
pattern generators serving the LRI, XTL, and GFI
elements. By means of a switch associated with a
channel, signals from the appropriate TPG may be
substituted for the phone-line inputs to the particular
channel by providing a known and controlled input
to the various channels, the TPG offers the means
of thoroughly checking the operation of an element
during installation and subsequent to it.

2. Test Signals

a. The test signals generated by the LRI TPG go out
on three lines: timing, sync, and data. The
timing signal is a continuous 1,300-cps sine wave.
The sync and data signals are individual sine
waves generated in synchronism with the timing
signal, together they form the message, the composition
of which may be varied manually or by computer command.
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J. Input Switching
1. Introduction

a. A block diagram illustrating the flow of LRI data
from a P site to the LRI drum field is shown on
Page 0200 The data flow for all 16 P sites is
identical to that illustrated for the single P site.

b. A radar P site contains three radar units, each
originating different information:

1) A long-range search radar set producing
target coordinate information in fine-grain
data (FGD) form.

2) Mark X identification friend or foe (IFF)
radar with a selective identification feature.

3) A semiautomatic height-finder radar producing
height-above-ground data for each target.

In normal operation, as shown on Page 0200

each P-site sends data to two LRI channels. The
two channels will be an odd and even pair such as
channels 1-2, 3-4, 29-30, or 35-36. The data
sent to one of the two channels will be search
radar and Mark X information. All three types of
messages are sent to the other channel. The
output of the P-site intended for an odd channel is
sent to two digital data transmitters (DDT's) and is
then transmitted over separate phone lines to the
Central. Therefore, an odd channel receives
identical information over two input lines (designated
circuit’l and circuit 2). Similar circuitry exists
for the even channel to receive information.

Input Data Switching

1) The data-input switching circuit selects either
telephone line data or test signals from the
LRI TPG as the inputs to be directed to each
LRI channel. Page 0210 shows the relay
switching circuits involved in selecting the
input for channels 1 and 2. The relay switching
circuits for any other pair of channels (except
for spare channels) is the same as that shown
for channels 1 and 2. For this reason, only
channels 1 and 2 are discussed here.
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When the channel 1 source switch (located on the
simplex maintenance console) is set to the DATA
CIRCUIT position, relay 41AT(K;) is energized
and the telephone line inputs are connected to the
data conversion receiver in channel 1. The
telephone line inputs and test data inputs consist of
data, sync, and timing lines, but, for simplicity,
shown on Page 0210 as a single line.

When relay 41AT(K1) is energized, test data is
connected to the data conversion received in
channel 1. In order for this relay to be energized,
two conditions must be met: (1) The unit status
switch for channels 1 and 2 must be in the
STANDBY or STANDBY MC position so that
standby relay 41 AR(K8) is energized. This relay
controls the -48V return line for channel 1 test
relay 41AT(K1) and channel 2 test relay 41AT(K4).

The source switch for channel 1 must be in the
TEST pos ition so that the control voltage will be
applied to the channel 1 test relay.

The purpose of the standby relays is to prevent
test signals from being sent to the active computer.
The inputs for channel 2 are selected in the same
manner as described above for channel 1.

d. Spare-Channel Switching

1)

Spare-channel switching is the operationof
electrically substituting a pair of spare channels
(channels 9 and 10 or channels 27 and 28) for a
pair of channels within a group. It is accomplished
by setting the CHANNEL SELECTOR switch (on

the ODD spare.channel control panels, simplex
maintenance console) to the numbers of the
channels to be replaced. Three functions are
thereby performed.

a) The alternate telephone circuit for the replaced
channel is connected to the spare channel.

b) The telephone-terminal-equipment indicators
of the spare channel are substituted for these
indicators on the replaced channel.

c) A write level generated in a spare channel
is applied to the site can for the replaced

0220



Long Range Inputs and LRI Monitor 0230

channel. A write level causes readout of

site identity by a site can to associate the
source of a message with the message data.
In spare-channel switching it is necessary

to associate the site identity related with the
replaced channel with message data processed
by the spare channel.

2. Logic Analysis of Input Switching

a.

Requirements to be met:

1)
2)
3)

4)

The two channels of module must have same status.
Test data cannot be fed to an ""Active' channel.
Each channel can select data independent of its
sister channel.

A channel being replaced by a spare also has its
sister channel replaced by a spare.
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K. Summary Questions

1. How many different types of messages are used in LRI?
Name and discuss each type briefly.

2. How many azimuths in the LRI circle?
3. What is the size of an LRI increment (range and azimuth)?

4. How many binary bits are necessary to make up the
maximum LRI azimuth count? How many bits are necessary
to make up the maximum LRI range count?

5. What is the difference between FGD and Mark X Azimuth
and Range counts?

6. At what frequency does LRI data arrive at the DCR's?

7. Are sync bits received by the LRI channel equipment when
no data is being received? When consecutive messages
are being received at what rate do the sync bits arrive?

8. Explain the parity make up of the two message words to
result in the desired telephone line parity. Will this
parity need to be changed before data is written on the
LOG Drum?

9. If consecutive FGD messages are being received by an
LRI channel, what is the time elapse between the last data
bit of one message and the first data bit of the following
message? (Consider parity as data)

10. Does a Height Finder message contain Range and Azimuth?

11. What is meant by '"Run Length?"

12. Give the bit length of each type of LRI message. How
many of these bits actually contain information for the
computer ?

13. What is the LRI unit number?

14. What is the maximum number of LRI channels for one
computer? Which channels are spares?

15, 1Is LRI simplexed or duplexed equipment?



16.

17.

18.

19.

20,

21.

22.
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What LRI information is written on LRI Field #1?
LRI Field #27?

How many phone lines are used to transmit data from
one LRI site to the computer? How many of these are
spares?

Channel 19 can transfer data to which of the 4 LRI
drum fields?

The 10th data bit received on the phone line goes to
which bit of which drum word for a FGD message?
MK X message? HF message?

Which incoming data bits indicate type of message?
Which channels can be replaced by Channel 28?
Referring to Logic S2.4.1

Make a point to point wiring diagram of ''Sync"
line from Channel #13 on alternate phone line #11
to channel #9 input.

Specify which relays must be energized.

List the conditions necessary to pick each of the
relays.

Ignore channel 10 and channel 14 relays as well
as all other channel relays.
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Information

Review of Tape Core Theory

NOTE:

Tape core theory and special circuits used with tape
cores was covered in Basic Circuits and also in the
GFI Course. Refer to Basic Circuit Manuals or the
MRD Manual for additional circuit information.

Introduction to Tape Cores

L.
2.
3.
4

A special circuit.

A magnetic storage device capable of storing one bit.
Various applications require minor alterations.
Models used in LRI will be discussed here.

Physical Description

1.
2.
3.

A small bobbin (ceramic) wound with a magnetic alloy tape.

Coils of wire wound through center.
Number of turns per winding and number of windings varies
with application.

Theory of Operation

1.

Hysteresis Loop

a.

Originally at Point A.

(1) No current.
(2) No field.

Current applied to winding of + polarity.
(1) Field goes to B. .
Current Removed.

(1) Current to 0.
(2) Flux to C - slight decrease from B.

Current Reversed.
(1) Large change of field.

(2) Changes polarity.
(3) Field to point D.

Fl

Ln

REW



Information

Long Range Inputs and LRI Monitor 0290

e. Current Removed.

(1) Current to 0. .
(2) Flux to E - slight decrease from D.

f. Current Reversed.

(1) Large change of field.
(2) Changes polarity.

2. Squareness of loop depends upon ability of core to
retain magnetism.
a. When at point C - a '"'1" is stored.
b. When at point E - a ""0" is stored.
3. Core is primed by passing a current through a 'prime"
winding.
4. Core is sensed for a ''1" by passing a current through a
"reset or drive or shift' winding which switches the core
to Iloll.
5. When core goes from a ''1" to a '""0'", a sizeable change in
flux takes place.
6. If core was already at '"0", flux change is slight.
D. Core shift - Model C ™
Parallel Readout
Prime
~— /:E_Dl__i_m_werial Readout
100 T 5 = ’
. T
lmoodl R’léf. Voltage
»
50T
Shift .
1. Definition

a. A core shift (CS) is a logic circuit which possesses two
stable states of magnetization and is used as a storage
device.



Information

Long Range Inputs and LRI Monitor 0300

b. There are 15 models of CS*'s utilized in AN/FSQ-7 and
-8 equipments. The most significant differences between
each model are in the number of windings used and the
number of turns in each winding. The basic CS contains
three windings: an add-in (or read-in) winding, a readout
winding, and a drive winding. All other CS's contain a
fourth winding, the reset winding. In addition, several
models contain a fifth winding, either inhibit or feedback,
depending on its application in a circuit. Basically, the
principles of operation for all CS's are identical. For
this reason, only the basic CS is described in detail
below.

Prime Winding
a. Inputis from various sources.

(1) Another cCS (serial readout.
(2) A core prime.
(3) Cathode follower.

b. Suitable current for a duration of time are main
requirements.

Shift Winding

a. Normally from a CSD.
b. To shift bit to next core 2.5 usec. pulse.
c. To reset cores 7.5 usec. or longer.

Output Winding

a. Output voltage developed across capacitor.

b. Diode prevents capacitor discharging through output
winding.

c. Reference voltage normally used is - 15V,

d. Parallel readout used to condition a GT.

e. Serial readout used to prime another core.
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5. Output Voltage

’

e - - - - -

Eo
B lu i<_‘ 8 usec-
sec
a. Eo = 25 to 35 volts for a "'1'".
b. Eo = 2.5 volts for a '0'.

c. All values approx.

E. Typical Core Shift Register Operation
CTR =1 CTR = 2 CTR =N

Prime
CCS 1 CCS 2 CCS N

Shift
1. Core 1 is primed all other cores = 0.
2. First Shift

a. Clears core 1.

b. Primes core 2.

c. CTR = 1 output pulse.
3. Second Shift

a. Clears core 2.

b. Primes core 2.

c. CTR = 2 output pulse.
4, N-th Shift

a. Clears core N.

b. Primes next core if there is one.
c. CTR = N output pulse.
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F. CORE PRIME, MODELS A,B,C, AND D
A core prime (CP) is a nonlogic power-amplifying

1.
circuit which provides a high current output pulse
utilized to set a core shift to the 1 state.
2. Schematic diagram
+150V
o

Al SE
2.4k
vi

CATHODE

FOLLOWER
R2
10K -
AN —

INPUTO- ¢
¢
-0.01
uF
R3
cRI 810K
_[_ R4 RS
ool 20k S 270k
UF CORE
L0AD
. 100 OR
= -30V -150V 150
TURNS

G. CORE SHIFT DRIVERS
1. A core shift driver ia a
nonlogic circuit which
provides the current
necessary to transfer
information serially
through a register;

2. Schematic diagram

+180V

=30V

NOTES:
L SERVICE VOLTAGES ARE DECOUPLED
IN THE PLUGGABLE UNIT
2. PARASITIS SUPPRESSORS
HAVE: BEEN OMITTED
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H. Summary Questions

1.
IICH NDH

f

cs, lHcs; Plcsy Plcss poE"

IIAII
CS

CSD np

Consider the above simplified core register. Assume
CS, is primed for each '"1" bit at input "A'" and a shift
pulse is applied to input '"B'' every 770 miscroseconds.
The message to be shifted through is 473g, Data bits
are primed into CS) in correct sequence. Answer the
following questions.

a. Will the levels at "C", "D'" or "E' be up during
the fifth shift pulse?

b. The output at "E'' will equal what octal number ?

c. The first *"1" bit is shifted out at "E''; how many
milliseconds after it entered at ""A"?

d. The last "1'" bit will give an output at "D'"; how
many microseconds after the first data bit was
read out at "E"'?

e. If a reset pulse is applied to "B'" 12 milliseconds
after the first shift pulse, what will be the outputs
at llCl" HDII and IIE!I (lllll or "o’l)?
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LRI Channel Operation

A. LRI Pulse Generation Circuitry

1. Purpose
a.
b.
equipment.
2. Block Diagram of Pulses
IIAII ODI IIAH
Drum 2,3 &4 Puise
Generator
IIBH OD IIBH
A R
Drum 2,3 4 Pulse
Generator
3. Circuit Analysis

a.

W N -

NUL A WN -~

Inputs

OD1 (12D)
OD2 (9D)

OD3 (12A)
OD4 (12D)

Outputs

. OD1-D (llE)

OD4 (12E)
LRZ (9E)
LR4 (9E)
LRS  (10B)
LR 1/2 (8E)

Module
Signal

0340

Distribute drum timing pulses to channel equipment
Generate LRI pulses and distribute to channel

0D-1D&$

LR2, 4&8 > Module
S2.4.2

LR 1/2
——————————

Logic A2.4.6

Note: Page 0350
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Relation of LRI”pulses to drum OD timing
pulses, timing chart.

fe—10 usec —s

25 | I ' I | 1

™ Usec P

[ 2]

OQ I+1 ” ' I ! I

00 2

o003

oD 4

LR |

LR 2

LR 4

LR 8

LR 1/2 _‘ e

NOTE: LR pulses occur every 20 usec, due to the comple-
menting of the pulse generator FF (10D) by the
OD-1 pulses.
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LRI Channel, Block Diagram Analysis
Simplified diagram of LRI channel c

1.

B.

LR2

PULSE
GENERATOR LR4
LRS DATA
RR 1
TELEPHONE TIMING S‘Y#ECM
TERMINAL DATA ) DRUM_WORD | )
EQUIPMENT | syNC o convemtER  |DATA WORD 2
THROUGH AND > —C CORE BUFFER 23
—
SWITCHING DATA SYNCHRONIZER | TIMING ~ REGISTER
SYNC PRIMARY e
CORE S
° PARITY ERROR ngrs';ER : P
3 MISSING SYNC _ AND « S
) w o
CONTROLS -l W
Ll Y
I @®
BUSY BIT_ | K e
[ =1 3 DRUM WORD 2
PARITY ALARM | pagiTy ol 3 WORD |
AND BUSY COUNT 2 ] 23
aT oerecror JOSNT—] * p CORE BUFFER [——®—
I
Il z I = COMMON
5 ; - [~} SECTION
Aol = 3 s 3 § THROUGH
alas] 2 % ~o| SWITCHING
START FAST 3 o3 &
SHIFT on §
FAST - [
TIMING LR 2 SHIFT 3
CONTROL Q
- SET w
CLEAR LR S8 CHANNEL x
READY
READOUT WRITE
—
CHANNEL READY O CONTROLS
READOUT
BUSY BIT SHIFTOUT (LR 2) ALARM >
[
LAST SHIFT LR 8)
J
8‘23"»«; DRUM DEMAND (0D 4)
Al
CONTROL DRUM DEMAND (0D3)
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Data Converter and Synchronizer

a. Convert incoming phone line signals to
standard pulses and levels.

b. Synchronize to LRI timing.

c¢. Generate necessary pulses to perform
channel operations.

d. Refer to timing chart.

o

o~ X
by U Nl

[

0
LR8 _j_j LR4
GTI
g e

0370

Note: Page 0380

2, ¢, 2
/Y v/ /9

PRIMARY SHIFT

" REGISTER CONTROL

© DETECTOR

CLEAR THE
PRIMARY SHIFT
REGISTER CONTROL

PARITY ALARM
SYNC LR 2 _ AND BUSY

"~ BIT DETECTOR

DATA LR 2 _  PRIMARY SHIFT

PULSE 4 o
DISTRIBUTION
TIMING LR 8/4 _
R2 rJGTz TIMING LR2 _ BUSY BIT
.~ L___J
FAST SHIFT __TIMING LR2
TR 5 C
CONTROL ~ (FAST SHiFT CJ SYNC
INTERVAL=
CLEAR
o g!\ v
. i 2 ; .
¥ @"’“‘"‘ o
g ‘_}LL Y
SYNC
S 8DCR() crsl >
TELEPHONE
TERMINAL
ECUIPMENT (2%
THROUGH oK
RELAY 4
SWITCHING
8DCR2)

DATA M

]
H)

" REGISTER CONTROL
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Data Conversion and Synchronizer, Timing Chart

TIMING

""T'Y"’V | —

e L 1

NN |

F 2

OOR SYNC. /\ !

i
sync eocr{l) E l ’—I -

SYNC LR2 ’ i |
[
|

" ' | m rh m

!
DATA LR2 ' |




PULSE DISTRIBUTION

DATA CONVERTER &
SYNCHRONIZER

FAST SHIFT CONTROLS

J { GTI
PULSE DISTRIBUTION
CLEAR OFF |

DATA CONVERTER
2N, SYNCHRONIZATION SYNC INTERVAL CLEAR LR2

FAST SHIFT SET LAST SHIFT—p LR -
PARITY ALARM AND. PARITY ERROR LR2 %
BUSY BIT  BETECTOR) MISSING SYNC LR2

Long Range Inputs and LRI Monitor 0390

Primary Core Shift Register

a.

Store message as it is received bit by 2' « 2/‘,4

. t)-
bit.
Isolates incoming data from Word 1 & 2 ‘// G
core buffer storage to allow sufficient time
for previous message to be written on drum. 4’/)7/"

Signals the Fast Shift if a complete good
parity word is received.
Sends outputs to Parity Check.

FAST SHIFT CONTROL
— CLEAR o AND PARITY ALARM AND

LRS - BUSY BIT DETECTOR
«oJ | LOAD DATA
s \
O pata Lr 2 w

o

TIME CYCLE LR8/4
l CcsD

2
ouTPUT

20

LR8
N

\

LPARITV ALARM AND
BUSY BIT DETECTOR

OUTPUT

MESSAGE BUFFER
TRANSFER ~ STORAGE
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4, Parity Check
a. Check parity of entire message.
b. Check parity of Word 1 of message. 2
c. DPrevent acceptance of a message with Zl ]
either or both parity errors.

PARITY

DISABLE
PARITY — 48V
DISABLE
SWITCH . oamiTy

ISA
-48V RETURN DISABLE
PRIMARY

PRIMARY EARITY SHIFT REGISTER
SHIFT CS 2 OUTPUT AND CONTROLS

REGISTER
AND CONTROLS MESSAGE
: PARITY COUNT
)
FAST TIMING LR 2 - PARITY
SHIFT GTI Py
CONTROL (FAST SHIFT =0) g . w Py
- =
L.2)
J— 'S
[«]
' o CLEAR “s
\ |GT2I " L‘| ALARMS
w
- AND
WORD ONE H
cS 25 PARITY COUNT
oRMARY 28 BUSY BIT LR2 _ READOUT
PRIMA ®  conTROLS
REGISTER
A RO Y BIT
NO CONTRO BUSY B! oT 4 GT;
DATA
CONVERSION SYNC LR 2 PARITY

DISABLE

AND
SYNCHRONIZATION

READOUT CHANNEL

CONTROLS READY O

geﬁFTT FAST SHIFT = 0 FAST SHIFT

CONTROLS FAST SHIFT CONTROL
CLEAR LR 8

o PRIMARY

smg#“ MISSING SYNC LR 2 SHIFT

REGISTER GT 6 : & REGISTER

AND CONTROLS AND CONTROLS

CS 50 OUTPUT




5.

a.
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Fast Shift Control

Rapidly shift message from primary core
shift register into word 1 & 2 core buffer
storage after a complete good parity message
is stored in Primary CSR.

Generates one. more shift (last shift) for
word 1 Core Buffer after the Fast Shifts.

0410

2, ¢ 2_

PARITY ALARM

————— AND BUSY BIT
DETECTOR
DATA CONVERSION TIMING LR 2 _IG.MI T.MING LR 2 . DATA CONVERSION
AND SYNCHRONIZING |_7 FJ (FAST SHIFT 0) > AND SYNCHRONIZING
PRIMARY SHIFT
————& REGISTER AND
CONTROLS
FAST
SHIFT
PARITY ALARM START FAST FAST SHIFT WORDS | AND 2
AND BUSY o - - - BUFFER STORAGE
BIT DETECTOR SHIFT (LR 2) - REGISTERS
u
PRIMARY SHIFT CLEAR u FAST SHIFT =0 PARITY ALARM
REGISTER ARE o —® AND BUSY BIT
AND CONTROLS DETECTOR
L| PRIMARY
SHIFT
WORD ONE BUSY BIT o SET LAST SHIFT (LR 4)
BUFFER REGISTER SRIFTOUT 6T5 oT 2 REGISTER
CONTROLS
s LR 4
LR 2
PULSE < Ll
DISTRiIBUTION LR 8 GT 3 SET CHANNEL _ READOUT
| READY " CONTROLS
I
LR 172 AND LAST :S?EEgNE
- SHIFT LR 172 REGISTER




PRIMARY
REGISTER

READOUT
CONTROL

FAST SHIFT
CONTROL

READOUT
CONTROLS

FAST SHIFT
CONTROLS
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6. Word 1l & 2 Core Buffers L
a. Store entire incoming message that {

has been received serially.
b. Maintain storage until data is written
on drum.
c. Transfer message to the Common
Equipment in parallel.
DATA

WORD 2 READOUT |
'IORZI_‘[ cso WORD 2

{ 0 _CORE BUFFER

SPARES

332
THROUGH
cs24

FAST SHIFT
LR 172 :- 4
cs2)

COMMON
L3 THROUGH LI3
THROUGHPR2 THROUGH RIO \ gsgeggﬂ
cs2 N\ -
20 SWITCHING
_—
- o
J
WORD |
COR!: BUFFER
WORD | PARITY h
RIO THROUGH RIS
LIl THROUGH LIS
> OMMON
-rd - COMMO?
LI THROUGH L8 | THRoUGH
DUPLEX
SWITCHING

FAST SHIFT
CONTROLS
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7. Readout Controls
a. Control transfer of message from
channel to drum. :2
b. Provide synchronism between channel \ ]
common equipment and drume:
ggg‘l"‘OmPUT
ION
SECTION 0D (00 3)
OUPLEX
SWITCHING
PARITY COMMON
ALARM BUSY BIT SHIFTOUT (LR 2) | READOUT ALARM _ EQUIPMENT
AND GT6 READOUT ALARW & THROUGH
BUSY BIT T DUPLEX
DETECTION [ SWITCHING
CHANNEL
Fast READY 1
i SET_CHANNEL READY, GTH
CONTROL b
DRUM DEMAND
Y J;i%L DD (00 3)  NEXT CHANNEL
Ml " THROUGH DUPLEX
SWITCHING
-48V RET
PARITY
d__re CHANNEL READY O _ ALARM AND
0 ® susy BIT
DETECTION
-48v m VRD
+ov 2 ne
c - START WORD
¥, TRANSFER
1
~
u
PULSE 00 4 €
DISTRIBUTION
READOUT WORD 2 _ woRD 2
wORD 2 CORE BUFFER
READ. T EQUIPMENT
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C. Logic Analysis, Data Converter & Synchronizer Logic S2.4.2

1. Note that Logic S2.4.2 shows two separate but
identical LRI channels.

2. The two channels read out to common equipment
through one set of relays.

3. The two channels (odd and even) are in one module
and normally receive their inputs from one "P"
site.

4. Over all operation of data converter and synchronizer.

a. The data converter and synchronizer converts
the timing since wave inputs into timing-levels,
and sync or data sine wave inputs into standard
pulses, which are synchronized with LRI timing
(LR) pulses for use within other circuits of the
LRI channel input section. The data converter
and synchronizer also provides a pulse to the
pPrimary shift register control to cause clearing
of the primary shift register after a sync bit
has been received by the data conversion receiver
DCR 1.

b. The three classes of signals contained in an LRI
message (timing, sync, and data) are sent from
the telephone terminal equipment to the LRI
element over separate lines. Relays in the input
switching section permit the data converter and
synchronizing circuit to accept messages from
either the telephone line or the test bus. Each
type of signal is applied to a data conversion
receiver (DCR). The timing is applied to the
model A DCR which converts the ], 300-c
sine wave to a nonstandard pulse. The sync and
data signals go to model B DCR's whose outputs

are standard levels 1200 usec duration! which
occur whenever there is an 1nput signal.



Ce

Long Range Inputs and LRI Monitor 0450

The timing pulse from the DCR sets FF1 which
conditions GT 6 and permits the succeeding LR 8
pulse to set FF1 in 41AE. The time cycle FF
conditions GT 5 (41AE) and permits the succeeding
LR 2 pulse to clear the time sync FF. The clearing
of the time sync FF deconditions GT 6 and prevents
passage of LR 8 pulses until the next timing pulse is
received. The clearing of the ime cycle FF (by an
LR 4 pulse) establishes the duratign of the timing level
(LR 8/4) at 10 usec. The timing LR 8/4 level is fed
to the primary shift register cantrol to aid in the gene=
ration of shift levels for the primary shift register.
The timing LR 8/4 level is also applied to GT 5 which
passes on LR 2 pulse during each timing cycle. This
timing LR 2 pulse is sent to the busy bit detector cir-
cuit. The timing LR 2 pulse applied to GT 9 generates
a sync LR 2 pulse when a sync bit is received by the
sync DCR. For each data 1 bit received via the data
DCR GT 5 passes a data LR 2 pulse to the primary
shift register control to cause a 1 data bit to be loaded
into the primary shift register.

The sync LR 2 output is also applied to the "sync

interval 1" FF (41A]), Conditioned GT 5 passes the
succeeding timing LR 2 pulse to clear the "sync interval

2" FF (41AH), conditioning GT 4. The next iming LR 2
(and fast shift FF cleared) pulse passes GT 4 and is sent
to the primary shift register control to cause clearing of
the cores of the primary shift register. The output of GT 4
also restores cFFg and cFF (41AH and AJ) to their original
states.,

NOTE: Step 40 is accomplished only every sync input. It
clears the primary shift register for the incoming data word.
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D. Logic Analysis, Primary Core Shift Register and
Controls

1. Over-all Operation

a. The primary core shift register control
circuit serially receives the data of an
LRI message from the data converter and
synchronizer circuit at the rate of 1, 300
Jbits per second. The data is loaded into
the primary register. After the complete
LRI message has been received and
inserted into the primary register, the data
is transferred to the word 1 and 2 core
buffer registers at the rate of 50, 000 bits
per second. The main purpose of the
primary register is to permit a message
to be received by the channel without
disturbing the previous message stored in
the word 1 and word 2 core buffer registers.
This provides enough time for the message
stored in the buffer registers to obtain
access to an LRI field on the LOG drum.
The time that a message can remain in
the buffer registers without being disturbed
by the next message is approximately equal
to the time it takes to load the primary core
shift register.

b. The first data bit of an LRI message is
always a 1 (busy bit); therefore, the first
data LR 2 pulse generated from the busy
bit clears the load data FF. The flip-flop
remains cleared until an LR 8 pulse is
applied to the set input. Consequently,

FF 7 is cleared for 15 usec (LR 2 to following
LR 8) each time a 1 data bit is received.

The clear output of cFF 7 primes (inserts

a 1) the first core shift (CS 1) of the primary
register. The next LR 8/4 is applied through
the OR and to the AND circuit. This then
passes a single LR 1/2 pulse. The 2.5 usec
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LR 1/2 level is applied through the 68 OR to the

CSD, which then shifts the contents of each core

of the primary register to the adjacent core. The

next data bit is then inserted into CS 1 in the same
manner as described above. When a data bitis a

0, CS 1 is not primed by the clear output of FF 2
because the data LR 2 pulse is not generated. The
next shift level causes the 0 in CS 1 to be shifted to

CS 2, Each shift level causes each bit to be inserted.
The process continues in this manner until all the data
bits are contained in the register. The shifting of the
register is done at a 1, 300 shifts per-second rate since
an LR 1/2 level is applied to the CSD only during a timing
LR 8/4 level.

The 49th shift level occurs after 49 data bits have been
inserted into the primary register. As the 49th shift
level occurs, the busy bit is transferred from CS 49

to CS 50, and the transfer is also sensed on the output
line connected to the output of CS 49 (AGT4 = 41AH).
When the busy bit is transferred from CS 40 to CS 50,
the output is a 1 which is sent to the parity alarm and
busy bit detector circuit. A sync pulse received simul-
taneously with a busy bit output from CS 49 is an indica-
tion that the primary register contains all the data bits
of a message, The fast shift control circuit is signaled
that a complete LRI message is stored in the primary
register, and the fast shift level is generated. The fast
shift level, applied through the 330R (41AF) permits
LR 1/2 levels to shift the register. The LR 1/2 shift
levels occur every 20 usec. (fast shift), Each data

bit is transferred to the buffer storage.
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on the output line of CS 52. The output
of CS 50 is also sent to the parity alarm
and busy bit detector circuit to aid in
generating a signal, when the busy bit

or sync bit is missing from the message.

d. The outputs of CS 2 and CS 25 are sent
to the parity alarm and busy bit detector
circuit where they are used to check the
parity of the message words.

e. When the clear FF (CFF 0’ 4]1AF) is set
by anyone of the four inputs, it will provide
a / 10V level to the CSD. The 10V level
will cause the CSD to supply current to the
reset or shift winding of the primary core
shift register. The current will continue
until FF 1 is cleared at LR 8. Therefore,
the reset current will continue from LR 2
for the sync-interval-clear, parity-error,
and missing-sync, until LR 8 (15 usec in
duration). For the set-last-shift LR 4
input to the clear FF, the reset current
will have a duration of 10 usec. At LR 8
time, when cFFs is.clear, GT 5 (41A1J)
is strobed, and a pulse is generated to
clear the parity FF's and to clear the fast-
shift FF.

Special Circuits in Core Shift Register
a. Power Cathode Followers
1. Model A
a) Input-standard level
b) Output-standard level
c) Added information is Basic
Circuit Manual.

2. Model GG

a) Input-standard level
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b.

b) Output-standard level
c) Theory of operation
d) Note - AC coupling - prevents possible
damage to CSR's if a level were applied
due toa circuit failure.
Core Shift Driver - Model C
1. Input
a) Standard level
(1) 2.5 usec. - shift
(2) 7.5 usec. £ - reset
(3) Max. rep. rate 50KC
2. Output
a) Approx. 230 m amps

3. Theory of Operation - basic circuit manual

E. Logic Analysis, Parity Alarm and Busy Bit Detector

1. Purpose

a.
b.

Checks the parity of the incoming LRI message.
Checks the presence of the busy bit and

sync bit as the message is processed in the
primary shift register.

. Sends a start-fast-shift signal to the fast

shift control circuit, if the message parity

is correct and the sync bit is present when
the busy bit reaches a predetermined point

in the primary shift register (an indication

of a good message).

Sends a parity-error pulse to the primary
shift register and controls, and lights a parity
error neon in the alarm section of the LRI
control panel if a parity error occurs.

Sends a pulse to the readout control circuit¢o
generate an alarm, if the buffer storage registers
contain a message awaiting transfer to the
Drum System.
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2. Parity of Incoming Message

B/B
(Sync) 00  DATA WORD 1) P; LDATA (WORD 2) Pj 00
v 7 ':
i EVEN ODD )
' 4
EVEN
a. Message parity count should be even.
b. Word 1 parity count includes B/B and
should be odd.
3. Circuit Analysis Logic S2.4.2

a. Parity check is made when B/B is
shifted, from core 49 to 50 of primary
CSR and Fast Shift FF is cleared.

b. Primary CSR status just prior to busy
bit output to check Fast Shift = 0 and
if so to check parity.

11 &\1
P 22 1 P 22 ?IB/B
112 3 4 25| 26 271 49 50 | 511 52

1t W
BITS 2 21 BITS 2-21
OF WORD 2 OF WORD 1

c. Parity check.
1) Parity count correct.

a) Both counts right.

b) Start fast shift if channel ready
FF is cleared.

c) Check for '"readout alarm’'.

2) Readout alarm
a) Good message received- parity, B/B
& Sync when Fast Shift = 0.
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3)

b) Channel ready set means previous
message is still in word 1 & 2
buffers. Should have been written
by now.

c) Alarm generated - on duplex main-
tenance console.

d) Message is not fast shifted but instead
cleared out with next sync interval
output, previous message remains
intact.

Parity count incorrect.

a) Either or both counts in error.

b) Generate parity alarm on simplex
maintenance console.

c) Message not fast shifted but cleared
out <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>