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Organization of Manual
1.1-1.24

CHAPTER 1
INTRODUCTION

1.1 SCOPE OF MANUAL

This manual presents the theory of operation of the
special circuits utilized in the AN/FSQ-7 Combat Direc-
tion Central and AN/FSQ-8 Combat Control Central.
Electronically, these equipments are a complex combina-
tion of many circuits. Special circuits, by definition, are
those circuits which serve special purposes in the equip-
ment as opposed to basic circuits which are capable of
many and varied applications. A special circuit may be
used only once in the equipment or it may have a limited
application in several elements. The theory of operation
of each special circuit is covered without reference to
any specialized application or to any other circuit.

1.2 ORGANIZATION OF MANUAL
1.2.1 General

This manual consists of four chapters. Chapter 1
introduces the manual. Chapter 2 discusses the functional
requirements of circuit elements having a common func-
tion; the extensive repetition of these circuit elements
throughout the AN/FSQ-7 and -8 systems permits a
separate treatment of their function, thereby simplifying
the special circuit theory discussion. Chapter 3 presents
the theory of operation of the special circuits. Chapter 4
presents the theory of operation of circuits performing a
special purpose but which are not represented by logic
block symbols. These circuits are referred to as “other”
circuits in this manual.

1.2.2 Chapter 1, Introduction

Chapter 1 explains the organization of the manual
and defines the special circuit. In this chapter, table 1—1
lists all the special circuits in the AN/FSQ-7 and -8
equipments in alphabetical order and includes the logic
abbreviations for each circuit and the system in which
each is used. Table 1—2 lists all “other” circuits in the
same manner.

1.2.3 Chapter 2, Common Circvit
Characteristics

Mechanical and electrical information necessary to
the understanding of special circuits is presented in this
chapter. Common signals are identified and discussed.
The physical characteristics of the special circuits are
investigated, and the electrical limitations that result are

noted. The compensation of these electrical limitations
is resolved and parasitic suppression and resistance-capac-
itance (RC) decoupling are analyzed.

Common circuits employed in the clamping and cou-
pling of levels are discussed and supported with mathe-
matical calculations where such support'is applicable.
Finally, speedup circuits are analyzed with respect to
their application in the special circuits.

1.2.4 Chapter 3, Special Circuits, Theory of
Operation _

Chapter 3 describes the theory of operation of the
special circuits employed throughout the AN/FSQ-7 and
-8 equipments. These circuits are arranged in alphabetical
order and are discussed without reference to a specialized
application or to any other circuit,

The schematic diagtams are presented in simplified
form with parallel combinations of resistors, diodes, or
tubes usually merged into a single resistor, diode, or tube.
Parasitic suppressors and decoupling networks have been
omitted from the schematics for reasons of clarity. It can
be assumed that any components that appear in a schem-
atic of an actual circuit but not in the simplified diagram
are not essential to an understanding of the operation of
the circuit. Where feasible, waveforms have been included
on the schematic diagram as an aid in understanding the
operation of the circuit. In some cases, waveforms are
keyed by number to specific points on the schematic; in
other cases, only input and output waveforms are shown.

Each circuit writeup follows the same format and,
in general, comprises two paragraphs. The first paragraph
(3.1.1, Definition and Description) identifies the circuit
logic block symbol, describes circuit function, and enu-
merates the significant differences between the models in
terms of capabilities, limitations, or operational charac-
teristics. The next paragraph (3.1.2, Principles of Oper-
ation) discusses the operation of the circuit. The treat-
ment of each circuit proceeds from basic considerations
to specific functions of detail parts. Where circuit com-
plexity requires it, each circuit is reduced to its simplest
operating elements, and the fundamental principles of
operation are explained in terms of this circuit. A detailed
discussion follows in terms of a specific model of the
circuit which consists of the simplified circuit and the
added refinements used to adapt the latter to its oper-
ational environment,



Table 1-1, List of Special Circuits

1.2.5 Chapter 4, Other Circuits, Theory of

Operation

Chapter 4 describes the theory of operation of the
circuits which perform special functions and do not have
logic block symbols assigned. These circuits include an
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activate circuit, high-voltage power supplies, high-voltage
units, a low-voltage power supply, and a —150V memory
alarm. The format in which these circuits are presented is
identical with the special circuit theory of operation in
Chapter 3.

TABLE 1-1. SPECIAL CIRCUITS IN AN/FSQ-7 AND -8 EQUIPMENTS

SYSTEM APPLICATION

LOGIC CENTRAL
CIRCUIT SYMBOL | COMPUTER | DISPLAY INPUT | OUTPUT DRUM
All-Channel Driver ACD I
All-Channel Driver AC 4
Analog Line Driver ALD I
Area Discriminator AD »
Area Discriminator Amplifier ADA V
Automatic Gain Control AGC I |
Binary Decoder BD » »
Buffer Amplifier BU I
Capacitor-Diode Gate CDG I
Cathode Follower Clamp CFC '
Complement Core Counter CCC v
Constant Voltage Amplifier CVA I
Contrast Gate Isolation Amplifier CGA »
Conizérgenc/é Current Regulator CCR I
Core Cutrent Driver CCD v
Core Delay Register CDR V
~ Core Memory Driver CMD I
Core Prime CP ¥ I
Core Shift CS % l/
Core Shift Driver CSD I l/
Crystal Oscillator | 0sC 4 1/
Current Regulator CR 1
Data Conversion Receiver DCR » 4
-Decoder Simulator DCS 4
Deflection Amplifier DA I/ v
Deflection Driver DEF 4
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TABLE 1—1. SPECIAL CIRCUITS IN AN/FSQ-7 AND -8 EQUIPMENTS (cont'd)
SYSTEM APPLICATION
LOGIC CENTRAL
CIRCUIT SYMBOL | COMPUTER | DISPLAY INPUT OUTPUT DRUM
Digital Line Driver DLD V
Digit Plane Driver DPD v
Diode-Capacitor Gate DCG v ”
Distribution Power Amplifier DPA I
Drum Field Driver‘ DFD »
Drum Read Amplifier DRA »
Drum Read Driver DRD 7
Drum Writer DWW 7
Drum Write Driver DWD l/
Flux Amplifier FA I%d
Frequency Doubler FD S
Input Amplifier IA 4
Inverter 1 1%
Isolation Circuit IC I
Level Amplifier LEA I
Level Originator 1O I
Light Gun . LG 74
Light Gun Amplifier LGA »
Logic Driver LD [ [
Logical Gate LGT l/ v
Mapper Intensification Circuit MIC I
Mapper Sweep Generator MSG I
Matching Amplifier MA I I
Matrix Output Amplifier MOA I
Memory Gate Generator MGG I
Mesh Level Control and Erasure Unit MLC I
Miller Integrator MI I
Missing Pulse Detector MPD I
Multiplier MUL 1%
Negative OR Circuit —OR v
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TABLE 1-1. SPECIAL CIRCUITS IN AN/FSQ-7 AND -8 EQUIPMENTS (cont'd)

SYSTEM APPLICATION
LOGIC CENTRAL
CIRCUIT SYMBOL | COMPUTER | DISPLAY | INPUT | OUTPUT | DRUM
Optical Frequency Generator OFG ' '
Phase Splitter PS 4
Phototube Amplifier FOA l/
Photomultiplier FN vV v
Power Amplifier Driver PAD I ’
Power Cathanode PCA 1
Power Cathode Follower PCF 4 V ¥ v v
Power Inverter PI V
Power Output Amplifier | POA v
Pulse Coupler PC v
Pulse Shaper SH 1 '
Read Head Amplifier RHA ”
Reset Circuit RS ' I
Reset-Inhibit Driver RID I
Schmitt Trigger ST I 1
Sense Amplifier SA 4
Sense Amplifier Blocking Oscillator SAB Vv
Set Driver STD I
Sine-Cosine Approximator SCA I
Switch Driver SWD I
Tape Flip-Flop TEF 4
Tape Inverter TI I
Thyratron Core Driver TCD I V
Thyratron Relay Driver RYD : I
Timing Pulse Generator TPG ' I
Tuning Fork Oscillator TFO I I 4 v
Variable Gate Amplifier VGA <
Vector Generator VG »
Vector Intensity Generator VIG V
Voltage Regulator VR | %
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Table 1-2, “Other” Circuits

CIRCUITS IN AN/FSQ-7 AND -8 EQUIPMENTS (cont'd)

SYSTEM APPLICATION

LOGIC CENTRAL .
CIRCUIT SYMBOL | COMPUTER | DISPLAY INPUT OUTPUT DRUM
Warning Light Relay Driver WLD x/
Write Head Driver WHD %4
TABLE 1-2. “OTHER’ CIRCUITS IN AN/FSQ-7 AND -8 EQUIPMENTS
SYSTEM APPLICATION
CENTRAL
CIRCUIT COMPUTER | DISPLAY INPUT OUTPUT DRUM
Activate Circuit I
High-Voltage Power Supplies I
High-Voltage Units '
Low-Voltage Power Supply ¥
—150V Memory Alarm g
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CHAPTER 2 |
FUNCTIONAL REQUIREMENTS AND COMMON CIRCUIT CHARACTERISTICS

2.1 FUNCTIONAL REQUIREMENTS

2.1.1 Introduction
Many of the special circuits in the AN/FSQ-7 and
-8 equipments operate on analog inputs and/or out-
puts. The various circuits involved with these analog
voltages are constructed to accomplish the required
degree of linearity and stability.

2.1.2 Definitions of Linearity and Stability

Linearity, as applied to an 'ampliﬁer, is the constant
ratio of the amplifier to its input (fig. 2—1).

Stability, as applied to an amplifier, is the charac-
teristic which enables the amplifier output to be inde-
pendent of all variations (reference voltages, supply
voltages, temperature, elapsed time, etc.) except the
input variations.

2.1.3 Techniques Employed to Achieve
Linearity

The linearity of an amplifier may be improved in
several ways. The selection of the correct operating
point of each vacuum tube, the introduction of degen-
eration by means of unbypassed cathode resistors, and
the bigh-frequency compensation of voltage dividers
are three of the design techniques employed.

Where linearity, within very close limits, is a pre-
requisite, the employment of inverse feedback is utilized.
This technique involves returning a percentage of the
output of an amplifier to its input. The phase of the
output feedback opposes the phase of the input.

In figure 2—2, let A (the gain of the amplifier)
equal 1,000 and B (the percentage of the output which

LINEAR (OUTPUT = INPUT X 20)

5
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| . 41’-
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Figure 2—1. Amplifier 10 Relationship
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is inversely fed to the input) equal 25 percent. Then the
gain of the system (amplifier with feedback) is relatively
independent of the amplifier’s characteristics and depend-
ent only on the reciprocal of feedback ratio B. Note that,
although the amplifier gain is 1,000, the output is equal
to four times the input. The gain of the amplifier is
reduced 250 times by the application of inverse feedback,

~and the gain of the system is-l—ls—:—l—— = 4. Feedback

0.25
ratio B is independent of frequency, line variations,
noise, etc. Therefore, although the gain of the system is
greatly reduced, the output is linear with respect to the
input. A degree of stability is also achieved by the inclu-
sion of inverse feedback.

Further improvement in the stability of special cir-
cuits is accomplished by the employment of differential
amplifiers which amplify only differences of input signals
and are relatively independent of service voltage varia-
tions. '

The techniques described above are further treated
in the paragraphs concerning the circuits to which they

apply.
2.2 COMMON CIRCUIT CHARACTERISTICS
2.2.1 Introduction

A thorough knowledge of signal inputs and outputs

is a prerequisite in the understanding of special circuits.
These inputs and outputs are pulses and levels which are
further categorized as standard and nonstandard.

2.2.1.1 Standard Pulses

The standard pulse (fig. 2—3) is a 430V pulse
(nominal) with a tolerance of ==10V. The pulse shape
approaches that of the positive half of a sine wave, with
a negative tail of indefinite value. The pulse width
measured at the base has a nominal value of 0.1 psec and
a tolerance of =0.02 psec. It is evident that a standard

pulse is defined by its amplitude, pulse width, and shape.

2.2.1.2 Standard Levels

There are two standard levels (fig. 2—4). The up
level is a d-c potential of 10V (nominal); the other
is the down level, a d-c potential of —30V (nominal}.
Rise time (T';) is the period during which the potential
climbs 40V from a down level to an up level. Fall time
(Ty) is the period during which the potential drops
40V from an up level to a down level. The standard
signals just discussed are represented as logic lines with
characteristic terminating symbols (fig. 2—5). The stand-
ard pulse is indicated by a line terminated in a solid
arrow head. The standard level, either up or down, is
indicated by a line terminated in a solid diamond.

2.2.1.3 Nonstandard Signals

Any nonstandard pulse is indicated by a line termin-
ated in an open arrowhead. Other nonstandard signals
are indicated by a line terminated in an open diamond.

=30V
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Figure 2—2. Amplifier with Inverse Feedback

Loop, Block Diagram
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Figure 2-3. Standard Pulse
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Figure 2—4. Standard levels
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Figure 2—5. Standard Signal Symbols
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2.2.2 Physical Characteristics

Several electrical circuit refinements are dictated by
the physical layout and the techniques employed in the
packaging of the special circuits. To appreciate the
necessity for the electrical requirements peculiar to this
equipment, it is advantageous to first become acquainted
with the physical characteristics of the machine.

Special circuits generally consist of one or more card
assemblies, together with other detail parts and wiring.
The card assembly consists ‘of detail parts which are
automatically dip-soldered. Figure 2—6 presents a front
and rear view of a typical card detail. The card is com-
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posed of a phenolic base which has been tooled as indi-
cated in the figure. Both sides of the card detail contain
printed circuitry which interconnects the appropriate
lands. The typical card assembly, shown in figure 2—7,
has the detail parts and lugs mounted. Several of these
card assemblies are then mounted in a mechanical assem-
bly and electrically connected to various detail parts
such as vacuum tube sockets, individual resistors, capaci-
tors, and electrical connectors. This complete assembly,
called a pluggable unit (fig. 2—8), may consist of several
basic and special circuits electrically connected.

This method of physical construction makes possible
the automatic manufacture of the card assembly (which
contains most of the detail parts employed) and the easy
removal and replacement of the pluggable unit. There
are:two standard types of pluggable units, one which
accommodates a maximum of nine vacuum tubes, seen
in figure 2—8, and one with a maximum of six tubes
(not shown). The electrical connectors mounted along
the bottom of the pluggable unit provide a means of
supplying service voltages and inputs to the unit. Out-
puts are also taken off at these points.

2.2.3 Parasitic Suppression
The manufacturing and packaging techniques jnst
discussed result in lead ‘lengths longer than those in
common use.

Special circuits, for the most part, include vacuum
tubes, and in circuits of this type where long leads zre -
prevalent, parasitic oscillations usually result. Parasitic
oscillations are undesirable, self-generated, cyclic voltages
produced by unplanned resonant. circuits appearing in
the grid, plate, and screen circuits of a vacuum tube.

~ DETAIL PARTS

Figure 2—7. Typical Card Assembly
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OUTPUT

CARD ASSEMBLY

OUTPUT ELECTRICAL CONNECTOR

Figure 2—8. Typical Pluggable Unit

Figure 2—9 illustrates the effect of lumping long leads
into equivalent inductances and lumping stray wiring
and tube capacitances into equivalent capacitors. This
circuit, which closely resembles a tuned-grid tuned-plate
oscillator, could support oscillations.

To eliminate ﬁatasitic oscillations in this and in
. comparable circuits, parasitic suppressing resistors are
used. Such resistors add loss into an undesirable resonant
circuit, reducing the circuit’s efficiency to such a degree
that parasitic oscillation is no longer possible. Figure
2—10 shows circuitry of figure 2—9 with the parasitic
suppressing resistors added. For maximum effectiveness,
resistors are mounted at the vacuum tube socket. They
will be found in a majority of the plate and control grid
leads of vacuum’ tubes, and, where necessaty, in vacuum
tube cathode and screen leads.

In this manual, parasitic suppressors have been elim-
inated from the schematic drawings for simplification
purposes. However these components appear, as men-
tioned above, in the actual schematic of each circuit.

2.2.4 RC Decoupling

The special circuits employed in the AN/FSQ-7 and
-8 equipments derive their service voltages from com-

10

mon power supplies. For this reason, numerous vacuum
tube circuits have their plate, control grid, cathode, and
screen grid circuits returned through common leads (fig.
2—11). Long power leads and the sharing of a common
return by many circuits contribute to the generation of
undesired signals. Because these signals would affect
~machine dependability, RC decoupling citcuits are em-

B+
PLATE LEAD
INDUCTANCE
Vi PLATE TO
GROUND
_J_ CAPACITY
GRID TO
CATHODE GRID
CAPACITY LEAD
INDUCTANCE

Figure 2—9. Lumped Constants, Equivalent Circuit,
Simplified Schematic Diagram :
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ployed in all the vacuum tube return circuits to attenuate
them. Figure 2—12 is the simplified schematic of one
vacuum tube circuit employing an RC decoupling filter
in each of its return paths. These RC filters attenuate
undesirable signals appearing at the plate, cathode, con-
trol grid, and screen grid return circuits to such a degree
that machine dependability is no longer threatened.

Figure 2—13 presents a typical RC decoupling cir-
cuit with the associated mathematics to explain its
operation. It can be shown that if an RC decoupling
filter functions satisfactorily at the lowest frequency (the
frequency for which it was designed), its effectiveness
will increase at higher frequencies. It should be noted
that, although the attenuation of one of the RC filters
has been calculated to be approximately 15, the attenua-
tion between any two circuits, each employing one of
these filters, is 152 or 225 (fig. 2—14).

B+

PARASITIC
SUPPRESSING
RESISTOR

PARASITIC
SUPPRESSING
RESISTOR

Figure 2—10. Lumped Constants, Equivalent Circuit
with Parasitic Suppressing Resistors Added,
Simplified Schematic Diagram

RC Decoupling
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"Note
The d-c potential at the output of the RC
decoupling filter is assumed to be the same as
the input or supply potential. The ohmic value
of decoupling resistor R is small when com-
pared with the resistance of the circuit return-
ing at this point. For the same reason, this
point is considered to be at a-c ground because
of the extremely low value of reactance of
decoupling capacitor C. As in the case of para-
sitic suppressors, the RC decoupling networks
have been eliminated from the schematic
drawings of each special circuit. As mentioned
above, all service voltages are decoupled in the
pluggable unit containing the actual circuits.

2.2.5 Common Circuits for Clamping and '
Coupling Levels

A number of circuit techniques are dictated by the
functional requirements of the equipment. Two of these
techniques, diode clamping and d-c’ coupling, are re-
peated in several of the special circuits and are therefore
treated as a general circuit consideration.

2.2.5.1 Diode Clamping

Diode clamping is treated by considering this func-
tion as applied to a cathode follower (fig. 2—15).

The anode of crystal diode CR2 is biased at —30V.
This diode will not conduct while the voltage at the
output is more positive than —30V. When the voltage
at the output falls below —30V, CR2 conducts, causing
an increase in current through resistor R1 and raising
the voltage at the output to the point where conduction
through the diode ceases (—30V).

The cathode of crystal diode CR1 is biased at | 10V.
This diode will not conduct while the voltage at the
output is less positive than 410V. If the voltage at the
output rises slightly above, 4+-10V, CR1 conducts. Any

PLATE RETURN
O + 150V

Vi ve

v4 |

§ _CATHODE RETURN
O —150V

o — 15V

GRID RETURN

Figure 2—11. Common Return Paths, Simplified Schematic Diagram
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Figs. 2-12 to 2-15

Q
-15v -150v

Figure 2—12. RC Decoupled Returns, Simplified
Schematic Diagram
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REACTANCE OF C IS

1
Xe *37rFe
WHERE
2T1- 6.28
F=10® CPS ( LOWEST FREQUENCY WHERE DECOUPLING OF
C=0.01 UF THIS CIRCUIT IS REQUIRED)
THEN

|
Xc
6,28 X 108 X 0.01 X 1076

= 15,9 OHMS~

FOR SIMPLICITY, LET X¢ =16 OHMS AND CONSIDER IT TO BE
RESISTIVE. THEN THE RC DECOUPLING CIRCUIT MAY BE REDRAWN
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