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Frontispiece

Xiv

- e

This is a symbolic representation of the Drum System.
The background shows the three equipment units, 20,
21, and 22, which constitute the operating area of the
system. In the foreground, the drum magnetic head and
the diode switch can represent the magnetic recording
and the shifting of operations required in the Drum Sys-
tem to perform the function of data transfer.
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PART 1
INTRODUCTION

CHAPTER 1
PURPOSE AND SCOPE

1.1 PURPOSE

The primary purpose of this manual is to explain
Drum System circuit operation to systems, displays, and
IO IBM field engineers. The manual also serves as a
reference source for IBM field engineers and other per-
sonnel assigned to technical duties at Air Defense Sites.

1.2 SCOPE

The manual has been divided so that field engi-
neers receive adequate coverage of the Drum System in
accordance with their assignments. Thus, the entire con-
tent applies to systems men; Parts 1, 2, 3, and Chapter
2 of Part 5 apply to displays men; Parts 1, 2, 4, and
Chapter 3 of Part 5 apply to IO men. A detailed de-
scription of each part in the manual follows.

Chapter 1 of Part 1 covers the introductory matter.
Chapter 2 presents physical details of the system; e.g.,
unit floor layout, configuration, and component de-
scriptions. Chapter 3 discusses the overall characteristics
of Drum System performance, its relationships with
other systems of the AN/FSQ-7 equipment, and its most
peculiar differences in the AN/FSQ-8 equipment.

Part 2 contains the most significant information
concerning Drum System operation. The basic functions
described in this part apply, in one way or another, to
petformance of all drum logic divisions, with particular
emphasis on the interrelationship existing between the
Drum and the Central Computer Systems.

The descriptions of addressable fields in Part 3 are
based on the fundamental discussions of Part 2. This is
particularly true in the case of auxiliary memory fields
which are addressable and which are related to the Cen-
tral Computer only. All other addressable fields are in-
dividually described and their relationship to the Dis-
play System and to the alternate Drum System in the
equipment is pointed out in this part.

The descriptions of status fields in Part 4 also are
based on the fundamental discussions of Part 2. The
circuit in each of the status fields is analyzed and the
modifications applicable to each case are described in

detail along with their interrelationship with the Input
and Output Systems.

Part 5 contains descriptions of circuits specifically
assigned to test operation of the Drum System. Some of
these test circuits serve to establish test loops with the
Central Computer; the rest of the test circuits serve to
isolate the Drum System from its interrelated systems to

‘perform local tests. Chapter 1 of this part presents an

overall discussion of test circuits. Chapter 2 describes
addressable field loop tests with the Central Computer,
thus establishing a correlation with the text in Part 3.
Chapter 3 describes status field loop tests with the Cen-
tral Computer to establish a correlation with the text
in Part 4. Chapter 4 describes the circuit operation of
manual test facilities and the method of analyzing in-
dividually the various functions of the system.

Part 6 describes the Drum System operating with
AN/FSQ-8 equipment. These descriptions take the
Drum System operating with the AN/FSQ-7 equipment
as a reference and list all applicable physical and func-
tional differences.

1.3 RELATIONSHIP TO OTHER MANUALS
The circuit descriptions and simplified diagrams
presented in this manual have been based on the logic
diagrams contained in 3-222-0, Schematics for Drum
System of AN/FSQ-7 Combat Direction Ceniral and
AN/FSQ-8 Combat Control Central. Therefore, the
closest relationship exists between this theory of opera-
tion manual and the Schematics manual. Relationships
to a lesser degree also exist between this manual and
the Theory of Operation manuals prepared for systems
interrelated with the Drum System. These manuals are:
a. 3-3-0 Special Circuits for AN/EFSQ-7 Combat
Direction Central and AN /FSQ-8 Combat
Control Central (refers to all systems)
b. 3-32-0 Theory of Operation of Central Computer
System for AN/FSQ-7 Combat Direction
Central and AN/FSQ-8 Combat Control
Central

. 3-52-0 Theory of Operation of Input System for
1
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CHAPTER 2
DRUM SYSTEM PHYSICAL DESCRIPTION

2.1 GENERAL

The original design requirements of the AN/FSQ-7
equipment indicated that magnetic storage needs could
be satisified by four data transfer drums (MIXD, LOG,
TD, and RD) and two computer data auxiliary drums
(AM-A, and AM-B). However, in time, equipment de-
mands determined the need for additional auxiliary
magnetic storage space. These demands were satisfied
with the incorporation of six computer data auxiliary
drums (AM-C through AM-H). Presently, the original
six magnetic drums are referred to as the main drum
group, and the additional six as the auxiliary drum
group.

The Drum System is thereby divided into two phy-
sical areas, main drums and auxiliary drums. These
areas are contained within units 21, 22, and 20. Figure
1—1 shows the unit layout on the equipment floor at
the site, Units 20, 21, 22 as well as module E of the
duplex maintenance console have been shaded in the
figure to indicate their respective location on the floor.
Notice that the Drum System is fully duplexed; there-
fore, the above components are found in areas A and B
of the equipment. The main-drums control circuits are
located in unit 21, while the main drum assemblies and
their transfer circuits are housed in unit 22. The aux-
iliary drum assemblies and their control and transfer
circuits occupy unit 20.

Drum System performance may be monitored lo-
cally at the system units or remotely at the duplex
maintenance console. Module E of this console con-
tains the various controls and indicators necessary for
such monitoring.

Power for the three Drum System units is obtained
from marginal checking and distribution (MCD) units
29 and 46. Unit 29 services the main drums and unit 46
the auxiliary drums.

2.2 UNIT 21

The main-drums control circuits are located in unit
21, which is composed of 15 nine-tube modules, labeled
A through R (excluding I, O, and Q). In addition, a
Z module is provided for power control and distribu-
tion. The circuits contained within this unit are intended
to effect information transfers. Discussions pertinent to
their operation are provided in the text. The main
components of the unit, such as the test door, the power

control panel, and the circuit breaker panel, are de-
scribed in paragraphs 2.2.1 through 2.2.3.

2.2.1 Test Door

The main-drums test door (fig. 1-2), module 21L,
serves to provide test switches and neon indicators
which enable manual local testing. The test switches
provide for the local generation of each Drum System
function, such as selection, writing, reading, etc. The
neon lamps furnish visual indications useful in localiz-
ing control and distortion errors to specific parts of the
system. Reference is made to manuals 3-152-0, Mainte-
nance Techniques and Procedures of Drum System and
3-292-0, Fundamentals of Maintenance for AN/FSQ-7
Combat Direction Central and AN/FSQ-8 Combat Con-
trol Central, which provide test door operation proce-
dures.

The test door is divided into several panel sections,
each of which is concerned with either the initiation of
a test operation or the indication of a malfunction.
Most of the panel sections contain a combination of
switches and neon indicators; each switch and asso-
ciated indicator are labeled in accordance with the op-
eration they reflect.

Two panel sections are provided with neon indi-
cators only. The neons in each of these panel sections
are mounted in duly labeled rows. In addition, the
lamps in each row are labeled, to associate them with a
specific drum, bit, or signal.

2.2.2 Power Control Panel

The power control panel (fig. 1—3) is mounted on
the Z module back panel. This panel is composed of
two rows containing lever switches, pushbars, and in-
candescent lamp indicators. The lever switches and
pushbars exercise control over power application to
unit 21 and may be operated manually. However, in the
event of excessive power fluctuations in associated cir-
cuit breaker lines, the lever switches and pushbars are
automatically operated. The two lever switches control
the individual application of a-c and d-c power to the
unit. Corresponding ON-OFF lamps indicate the pres-
ence or absence of a-c and d-c power. Also, incandescent
lamps enclosed within each pushbar serve to indicate
the overall state of the unit.

Three incandescent lamp indicators in the upper
row of the panel serve to reflect any power disturbance

3
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in each of the three areas of the corresponding circuit
breaker panel (refer to par. 2.2.3).

2.2.3 Circuit Breaker Panel

The circuit breaker panel (see fig. 1—4) is mounted
on the Z module front panel. Circuit breakers are pro-
tective devices that automatically disconnect power
when power surges occur. The panel is divided hori-
zontally into three major sections, which are labeled,
top to bottom, as follows: AC FILAMENT, NON-
MARGINAL CHECK, and MARGINAL CHECK.

2.3 UNIT 22

Unit 22 contains the Drum System transfer circuits
and also serves as the main-drum assemblies housing
facility. The unit is composed of 12 nine-tube modules,
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labeled A through P. Modules E and F are mounted
horizontally over the drum housings. The other mod-
ules are of the standard vertical type. The operation of
transfer circuits is presented with the corresponding
logic description in the text. Paragraphs 2.3.1 through
2.3.3.9 describe the significant components of the unit;
these include the power control panel, the circuit
breaker panel, and the magnetic drum assembly.

2.3.1 Power Control Panel

The power control panel is identical to that found
on unit 21 (refer to par. 2.2.2).

2.3.2 Circuit Breaker Panel
The circuit breaker panel is identical to that found
on unit 21 (refer to par. 2.2.3).



Figure 1—2. Main Drums Test Door

2.3.3 Magnetic Drum Assembly

2.3.3.1 Overall Description

The magnetic drum assembly (figs. 1—5 and 1-6)
is mounted on the drum cradle, a hinged casting which
pivots in and out of the drum unit structure. This ar-
rangement enables the drum assembly to be swung out
from its housing, thus furnishing ready access to as-
sembly components. The following constitute the char-
acteristic components of the drum assembly: the drum
rotor, the drum motor, diode switch cans, drum bars,
and write-read heads. One complete drum assembly
weighs approximately 450 pounds.

The magnetic drum assembly is protected by a
transparent plastic dome. Filtered 60-degree air is fed
into the dome to cool the drum assembly.

2.3.3.2 Drum Rotor

The magnetic drum rotor (figs. 1—5 and 1-6) is a
Monel metal cylinder, coated with copper and plated
with nickel-cobalt. The 0.01-inch copper coating fills the
porosity of the Monel metal and provides a diamond
polished surface. The 0.0005-inch nickel cobalt plating

3-42-0

Magnetic Drum Assembly
233-2334

Figure 1—3. Power Control Panel

is a dia-magnetic alloy characterized by high remanence.
This plating provides the magnetic storage capabilities
of the drum surface. The rotor is 10.7 inches in diame-
ter, 12.5 inches long, and weighs 105 pounds. Its shaft
is mounted on ball bearings and has a toothed pulley
connected by a belt to the drum motor pulley.

2.3.3.3 Drum Motor

The drum motor (fig. 1—5) is a synchronous, 3-
phase, 3600-rpm motor operating at 208V. It is rated at
14 hp and requires a large starting current of 125 amp/
phase to develop the high starting torque (16.8 lb-ft)
necessary to bring the drum rotor quickly up to speed.
The motor is approximately 14-l%5 inches long (shaft
included) and 9 inches wide. It is mounted on the
cradle beneath the drum rotor. A toothed pulley on
the drum motor and a drive belt connect the motor
with the rotor of the drum.

2.3.3.4 Diode Switch Cans

Pluggable cans containing diode switches serve as a
convenient means of accommodating the numerous di-
odes required for field switching in each drum refer to
Ch 6, Part 2). Several diodes may be contained within

5
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each can (figs. 1-5 and 1-6). Field switch diode cans
are mounted on apron-type shelves on both sides of the
drum assembly. CD drum and read switch cans are
mounted on panels located in the drum housing struc-
ture to the right of each drum. Each can is provided
with guide pins at one end and a pull ring at the other
to facilitate insertion and removal.

2.3.3.5 Drum Bars
Each drum contains provisions to accommodate 13
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bars (figs. 1—5 and 1—6) in an arc of 216 degrees. In
the MIXD, LOG, TD, and RD drums, six pairs of these
bars are used to mount read-write heads; the 13th bar
is the erase bar. In the auxiliary drums, AM-A through
AM-H, alternate spaces occupy read-write head bars,
leaving the 13th space for the erase bar.

To enable read-write head mounting, the center of
each bar is cut out lengthwise and screw mounting holes
are provided along the inside edges. A maximum of 40
heads can be mounted on each bar (actually, 33 heads
are commonly used for data and two or three additional
heads for purposes of circuit control). Each drum bar
weighs approximately 8 pounds.

The erase bar (fig. 1—7), which is mounted be-
tween the first read-write head bar and the drum casing,
permits demagnetization of the corresponding drum.
This bar consists of a metal channel with a centerpiece
which serves as an electromagnetic core for four coil
windings.

2.3.3.6 Write-Read Heads

The Drum System presently utilizes aluminum
heads (fig. 1-8) which are used for both writing and/
or reading. The component parts of an aluminum head,
illustrated in the figure, follow: the open-bottom case,
amplitude adjust screw, carriage-retract spring, core-
buffer spring, head assembly clip, carriage, core-track-
ing spring, core assembly wire clip, shoulder screws,
and male connector. When assembled, the head is held
together by the head assembly clip. The core assembly
consists of nine insulated laminations, 0.002 inch thick.
A 0.001-inch silver shim is inserted in the core-record-
ing gap and soldered into place to keep its size con-
stant. A coil wound around the core magnetizes the
core during both writing and reading.

The operation of the components inside the as-
sembled head (see fig. 1—9) is as follows. The core-
buffer spring is anchored to the carriage roof; it places
a constant downward pressure on the core assembly,
causing the core-recording gap to be moved toward the
drum surface. The carriage-retract spring is anchored
to the case at one end and presses against the carriage
roof at the other end. Thus, upward pressure is pro-
duced on the carriage roof. This pressure is opposed
by the setting of the amplitude adjust screw. In other
words, as the screw is turned clockwise, the carriage is
moved downward, moving the core-recording gap to-
ward the drum surface. Notice that the core assembly
does not swing around a pivot; rather it moves up and
down with the carriage as it slides on the case. Also
notice that there is no interaction between the core-
buffer spring and the carriage-retract spring.

A core-tracking spring is mounted between the case
and the core assembly to prevent any possible chatter
of the core assembly within the head assembly.
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9 Drum Rotor Pulley
10 Static Grounding Brush, Sectional View
11 Drum Rotor

Figure 1—5. Magnetic Drum Assembly, Pulley End

Two shoulder screws passing through mounting
shoulders on the drum-head case secure each drum head
to the drum bar (refer to par. 2.3.3.5). Each head may
be moved laterally in its mounting to determine the
proper location of the corresponding channel. Each
head may also be moved forwards and backwards to
adjust for timing and register co-ordination.

The wire clip anchors the connecting wires to the
case, preventing undue strain on the core assembly con-
nections. The 5-pin male connector plugs into a female
receptacle located on the drum assembly. Male connec-
tors from the heads on a drum bar are inserted into
adjacent female receptacle bars.

2.3.3.7 Optical Timing Disc

The optical timing disc (fig. 1—10) is approxi-
mately 8 inches in diameter and 0.5 inch wide. It is
mounted on the drum rotor shaft at the nonpulley end

of the drum assembly. The disc comprises two plates of
glass laminated with a photographic plate between
them. The photographic plate is opaque except for a
transparent area. This area, shown magnified in the
figure, has the shape of a 50 percent modulated wave
envelope. There are 2,048 wave variations in the optical
timing disc of all drums except the TD and RD drums.
The disc mounted on the TD and RD drums has 2,060
variations. Refer to Part 2, paragraph 4.2.3, for a de-
scription of timing disc operation.

2.3.3.8 Optical Transducer

The optical transducer (fig. 1—11) comprises one
exciter lamp, seven lenses, three prismatic mirrors, and
a photomultiplier tube. The transducer is mounted on
the non-pulley end of the drum above the drum motor
shaft. Refer to paragraph 4.2.1.2 of Part 2 for the func-
tional description of the transducer.
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1 Drum Bars 4 Power Cathode Follower PU 7 Drum Assembly Cradle
2 Head Connectors 5 Photomultiplier 8 Optical Timing Disc
3 Field Diode Switch Cans 6 Transducer Housing 9 Drum Rotor

Figure 1—6. Magnetic Drum Assembly, Nonpulley End

Figure 1—7. Erase Bar
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Figure 1—8. Write-Read Aluminum Drum Head

2.3.3.9 Etched Timing Disc

The etched timing disc to be installed in all Drum
Systems starting with site 17 has the same diameter as
the drum rotor (approximately 10.7 inches) and 0.75
inch wide. It is mounted on the drum rotor shaft at
the nonpulley end of the drum assembly. The disc
recording surface (fig. 1—12) is treated identically to
that of the drum rotor (par. 2.3.3.2). Upon this sur-
face, shown magnified in the figure, the index and the
timing channels signals are etched to form ridges and
valleys. The ridges correspond to the disc surface, while
the valleys are cut through the nickel-cobalt plating
baring the copper coating. There is one etching in the
index channel on the etched timing disc of all drums:
there are 2,048 etchings in the timing channel of all
the drums except the TD and RD drums. The timing
channel of these drums contains 2,060 etchings. Para-
graph 4.2.2 of Part 2 describes the etched timing disc
circuit.

2.4 UNIT 20

The auxiliary drum assemblies and control and
transfer circuits are housed in unit 20. The unit con-
tains 10 nine-tube modules, A through K and a Z mod-
ule for power distribution. The circuits occupying this
unit effect all auxiliary drum operations. Related circuit
operation discussions are provided in the text. Para-
graphs 2.4.1 through 2.4.4 deal with the chief compo-
nents of the unit.

2.4.1 Test Door

The auxiliary drums test door (fig. 1—13) mounted
on module F provides the switches and indicators nec-
essary for local testing. This test door is simpler than
the main drums test door, because auxiliary drums are
only connected for CD operation. However, the layout
of controls and indicators is similar in both doors (par.
2.2.1).

2.4.2 Power Control Panel
The power control panel is identical to that found
on unit 21 (par. 2.2.2).

2.4.3 Circuit Breaker Panel

The circuit breaker panel is identical to that found
on unit 21 (par. 2.2.3).

2.4.4 Magnetic Drum Assembly
The auxiliary magnetic drum assembly is identical
to that of the main drums (par. 2.3.3), excepting that
only seven drum bars are utilized instead of 13. This is
because only CD operations are accommodated; there-
fore the six bars which accommodate OD transfers are
omitted.

2.5 MODULE E, DUPLEX MAINTENANCE
CONSOLE
Module E of the duplex maintenance console (fig.
1—14) is directly related to Drum System operation.
This module is divided into an upper and a lower sec-
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tion. The upper section reflects main drum (MIXD,
LOG, TD, RD, AM-A, and AM-B) operations, and the
lower section reflects auxiliary drum (AM-C through AM-
AM-H) operations. Each section, in turn, consists of
several panel sections which contain various neon and
incandescent lamp indicators, a selector knob, pushbut-
tons, and lever mode switches. Labels on each panel
section indicate the functions of controls and indicators
therein contained. Discussions pertaining to each con-
trol and indicator on this module may be found in
3-152-0, Maintenance Techniques and Procedures for
Drum System of AN/FSQ-7 Combat Direction Central
and AN /FSQ-8 Combat Control Central.
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2.6 UNITS 29 and 46

The MCD units 29 and 46 contain all the relay
networks required to supply power to the electronic
and electric circuits (motors) of the Drum System. Unit
29 is directly connected to the main drums and unit 46
to the auxiliary drums. Though these units form part of
the Power System, their direct relationship with the
Drum System, particularly with the drum motor control
circuits, points the need for coverage thereof in this
manual (Part 2, Ch 1). Other descriptions of these
units appear in 3-82-0, Theory of Operation of Power
Supply System for AN/FSQ-7 Combat Direction Central
and AN /FSQ-8 Combat Control Central.
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CHAPTER 3
DRUM SYSTEM FUNCTIONAL DESCRIPTION

3.1 GENERAL

This chapter defines the purpose of the Drum Sys-
tem, its overall function, and its interrelationship with
the Input, Output, Display, and Central Computer Sys-
tems. This introductory presentation is equally suitable
for the AN/FSQ-7 Combat Direction Central or the
AN/FSQ-8 Combat Control Central because the Drum
System in either of the two equipments petforms upon
the same technical principles. Nevertheless, the two
equipments differ in tactical application and the differ-
ence is reflected in the Drum System. Specifically, the
Q-8 equipment does not process radar data; this means
that the LRI, GFI, and RD fields are not operative in
the Drum System installed in Combat Control (CC)
sites. Consequently, functional description of the Drum
System will be undertaken through three different clari-
fying aspects: first, basic purpose and overall function;
second, system interrelationship in the AN/FSQ-7 equip-
ment; third, system interrelationship in the AN/FSQ-8
equipment. The basic purpose and overall function is
covered in paragraph 3.2 and AN/FSQ-7 Drum System
interrelationships in paragraph 3.3. Drum System inter-
relationships in the AN/FSQ-8 equipment are covered
in Part 6.

3.2 OVERALL DESCRIPTION

The purpose of the Drum System is to store tactical
data being transferred from the Input System to the
Central Computer, or from the Central Computer to the
Output or Display Systems. In addition, the Drum Sys-
tem provides auxiliary memory space for tabular data
and program information from the Central Computer.
In the process of data transfers, the Drum System acts
as a time buffer stage which allows the system of destin-
ation to receive the data at its own pace. For example,
tactical data from the Input System arrives in large
quantities and at random times. The drums store this
data in an orderly manner and have it available for
rapid transfer to the Central Computer, Data processed
by the Central Computer is stored in the drums at a
rapid pace and is delivered to the Output or the Dis-
play System at a slower pace compatible with the opera-
tion of these systems. The Drum System being a time
buffer, storage device performs no computations; i.e.,
data enters and leaves the system without alteration.

The time required to obtain information stored, or
access time of a drum, averages about 10 ms. This means

that information desired may be found on a rotating
drum either immediately or it may take up to 20 ms
(one full drum revolution) to be found. The average
access time is, thus, 10 ms. Taking various storage de-
vices in the equipment on a comparative basis, the Cen-
tral Computer core memory access time of 6 usec is
shorter than the drum access time. However, drum ac-
cess time is considerably short considering the access
time of other IO (input-output) devices such as card
and tape machines.

Another important function of the Drum System is
the generation of timing information used by the Input,
Output, and Display Systems. This timing information
provides the systems with the synchronization required
for their internal operations and for the respective data
transfer to or from the Drum System. The Central Com-
puter and Drum Systems have their own independent
timing control. Through timing control, each drum ro-
tating at the normal speed of 2,914 rpm can accept
successive data transfers .at the rate of one transfer
every 10 usec.

Drum System circuits are classified in two major
groups: circuits related to data transfers from the Cen-
tral Computer are CD (computer-drum) circuits; and
circuits related to transfers with the Input, Output, and
Display Systems are OD (other-than-computer-drum)
circuits. These two groups of circuits constitute the CD
and OD sides of each drum and the operations per-
formed are accordingly called CD and OD operations.

Each of the 12 drums in a system is divided into
logical divisions known as fields. Each field, except
track display (TD) and radar data (RD) fields, con-
tains 2,048 axially oriented registers, which are num-
bered consecutively about the circumference of the
drum. One 33-bit information word can be stored in
each register. All but one of the magnetic drums con-
tain six fields named for the type of data they store.
The RD drum has nine fields.

Magnetic drums are named for the fields they con-
tain. (Refer to tablé 1—1.) The LOG and MIXD drums
are the only magnetic drums which contain more than
one type of field. The names LOG and MIXD were
evolved in the following manner: The letter L is the
first letter of the long-range radar input field name; O
is the first letter of the output buffer field name; and G
is the first letter of the gap-filler input field name. Simi-
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larly, M in MIXD is the first letter of the manual in-
put field name; I is the first letter of the intercommuni-
cation field name; X is the first letter in the abbrevia-
tion of the crosstelling field name; and D is the first
letter in the digital display field name, All other mag-
netic drums contain only one type of field; each drum
is named for the particular type field that it contains.

Circuits are built into the Drum System to provide
for rapid detection of Drum System malfunctions by
allowing automatic testing by Central Computer Sys-
tem programs. Additional circuits permit testing to be
performed under manual control. These circuits allow
Drum System tests to be performed with the Drum
System disconnected from the other systems of the Com-
bat Direction Central. As a result, they serve as a valu-
able aid in installation as well as to maintenance.

Drum System operations are performed to rigorous
reliability standards. Many self-checking circuits are in-
cluded which reduce the time requited to isolate the
cause of faulty operation. Should faulty operation be

CH 3

produced by component failure, alarms and indicating
circuits distributed throughout the Drum System would
facilitate rapid detection and location of the failure.

Every Q-7 (or Q-8) equipment contains two Drum
Systems and two Central Computer Systems (duplex
system). One Drum and Central Computer System com-
bination actively processes and transfers data, The other
combination is in a standby state. When maintenance is
to be performed on the active combination, the func-
tions of the active Drum and Central Computer Sys-
tems are switched to the standby systems. In order to
shorten the data-transfer time, intercommunication is
maintained between active and standby equipment at
all times. Intercommunication between Central Com-
puter Systems is also used to enable the standby Central
Computer System to check the operation of the active
Central Computer System. The active Central Computer
System constantly generates intercommunication data
for transfer to the standby system. The circuits between
computer and drums (CD) in the active Drum System

TABLE 1—1. MAGNETIC DRUM AND FIELD DESIGNATIONS

DRUM DRUM FIELD TYPE FIELD
DESIGNATION ABBREVIATION AND QUANTITY ABBREVIATION
LOG ~ None Long-range radar input (2) LRI 1.and 2
Output buffer (3) OB1,2,3
Gap-filler input (1) GFI
MIXD None Manual input (1) MI
Intercommunication (1) IC
Crosstelling (1) XTL
Spare crosstelling (1) SP XTL
Digital display (1) DD
Spare aux memory (1) SP AM
Aux memory A AM-A Aux memory (6) AM-A1to6
Aux memory B AM-B Aux memory (6) AM-B 7 to 12
Aux memory C AM-C Aux memory (6) AM-C13t0 18
Aux memory D AM-D Aux memory (6) AM-D 19 to 24
Aux memory E AM-E Aux memory (6) AM-E 25 to 30
Aux memory F AM-F Aux memory (6) AM-F 31 to 36
Aux memory G AM-G Aux memory (6) AM-G 37 to 42
Aux memory H AM-H Aux memory (6) AM-H 43 to 48
Radar data RD Radar data (9) RD1to9
Track display TD Track display TD1to6
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Drum System in a Direction Central .
3.2-336

transfer this intercommunication data from the active
Central Computer System to the magnetic drums so that
it may be stored and transferred to the standby Central
Computer System. The transfer from the magnetic drum
to the standby Central Computer System is through the
CD circuits of the standby Drum System.

3.3 THE DRUM SYSTEM IN A COMBAT

DIRECTION CENTRAL

The AN/FSQ-7 Combat Direction Central equip-
ment contains all facilities to receive, calculate, and dis-
play radar data as well as other tactical data required
for air defense. Since the Drum System serves as an
operating link between all other data-handling systems
of the equipment, all types of raw and processed data
flow through the drums. This transfer function inter-
relates the Drum System with the Central Computer,
Input, Output, and Display Systems as indicated in
figure 1—15. An effort has been made in this illustra-
tion to indicate the individual data paths on the OD
side of the drums, as opposed to a common path for
all transfers on the CD side. This condition allows the
drums to effect data transfers with the Input, Output,
and Display Systems simultaneously and at times suit-
able to the operation of these systems. On the other
hand, transfers to and from drums and Central Com-
puter must be scheduled by a control program so that
only one transfer can take place at any given time.
Intercommunication (IC) transfers betweén Drum Sys-
tem in areas A and B are also subject to program
scheduling in the area effecting the transfer.

Paragraphs 3.3.1 through 3.3.10 contain brief de-
scriptions of the various circuit areas of the Drum Sys-
tem operating in an AN/FSQ-7 Combat Direction Cen-
tral.

3.3.1 CD Field Selection and Switching Circuits
The field-selection and switching circuits (figs.
1—5, logic drawings 1.1.1 and 1-2.1.1) perform two
functions required for an information exchange be-
tween the drum fields and the Central Computer. It
activates the field designated by the Central Computer
and that field only, and it conditions the timing and
control circuits of the drum in which the field is lo-
cated. These functions are accomplished by the decod-
ing circuits and the diode switching circuits.

3.3.2 Drum Timing Circuits

The drum timing circuits, logic drawings 1.1.2 and
1-2.1.2, time the operations of the Drum System and of
all other systems of the AN/FSQ-7 with which the
drums exchange information, except the Central Com-
puter. Each drum generates timing pulses for itself. The
timing pulses are used to initiate and to effect the oper-
ations which cause the Drum System circuits to write
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and to read. They are also used to step the various
counters used in the Drum System circuits.

3.3.3 Read-Write Control Circuits

The key Drum System circuits in any information
exchange with the Central Computer are the read-write
control circuits, shown on logic drawings 1.2.1 and
1-2.2.1. The Central Computer sends transfer control
instructions into this circuit, where they are combined
with drum timing pulses and field-selection levels to
ptoduce drum-transfer-control levels. These levels acti-
vate the Drum System circuits which select the field
registers to or from which information will be trans-
ferred, and also control the transfer.

" 3.3.4 Angular-Position-Counter Circuits

The angular-position-counter (APC) circuits, logic
drawings 1.2.3 and 1-2.2.3, are used in conjunction with
the read-write control circuits to determine explicitly
the field registers to or from which data is to be trans-
ferred. When the Central Computer designates, by num-
ber, the register or registers with which the data ex-
change is required, the angular position counter counts
the drum registers passing under the read-write heads.
When the number so counted compares with the Central
Computer designation, the data transfer is performed.
This method of register selection, known as address
control, is used in CD writing and reading from the
auxiliary memory fields, from the intercommunication
field, and from the display field.

3.3.5 Read-Write Circuits

The read-write circuit consists of two separate
groups of circuits: the read circuits (shown on logic
1.2.2) and the write circuits (logic 1.2.1). The write
circuit is capable of placing, at one instant of time, a
complete information word (33 bits) on the drum sur-
face. Only one write circuit is employed on the CD side
of the drums. A separate write circuit for each of the
input fields is employed on the OD side of the drums.
The read circuits are the means by which a complete
information word (33 bits) is read at one instant of
time from the drums. Only one read circuit is employed
on the CD side of the drums: On the OD side of the
drums, separate read circuits are employed for the OB
fields circuits and for the intercommunication field cit-
cuits. Two read circuits are used in the display field
circuit.

3.3.6 Input-Fields Operate Circuits

Four data types (LRI, MI, GFIL, and XTL) com-
prise the input to the Combat Direction Central. Infor-
mation is received by the input-fields operate circuits,
logic drawings 1.3.1 through 1.3.6, at different rates
and at random intervals. The input-fields operate cir-
cuits store this data on the drums for later transfer to
the Central Computer. The transfer from the Drum
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System to the Central Computer System is performed
at Central Computer System command.

These circuits employ a method of register selec-
tion, the criterion for which is-the full or empty status
of the register. Under appropriate control conditions,
information is automatically transferred into empty reg-
isters by the Input System and is removed from full
registers. Upon removal, the data is sent to the Central
Computer circuits. This method of transfer, known as
status-controlled transfer, is used by all input-fields op-
erate circuits.

There are six separate input-fields operate circuits,
each handling a particular type of input data and as-
sociated with one of the six input fields on the main
drums. These fields, in summary, are: the MI, the GFI,
LRI 1, LRI 2, the XTL, and SP XTL fields (table 1—1).

3.3.7 Output-Buffer-Fields Operate Circuits

The Central Computer System develops large quan-
tities of tactical data for transfer to the Output System.
This transfer is performed by the OB-fields operate cif-
cuits, logic drawing 1.4.1, using the status transfer
method outlines in 2.2.7. Since the operations of the
Central Computer are considerably faster than the op-
eration of the Output System, the transfer of tactical
data is regulated by the OB-fields operate circuits to
provide data for the Output System at a rate compatible
with Output System operations.

3.3.8 Display-Fields Operate Circuits

The display-fields operate circuits, logic drawings
1.5.2 and 1.5.3, take display data stored on the magnetic
drums by the CD circuits and transfer it to the Display
System. Like output data, display data is generated at
speeds that are too great to be handled in the Display
System. The Drum System, therefore, reduces the rate
of transfer of display data to the Display System.

The display-fields operate circuit consists of three
distinct areas. The first is used for reading digital dis-
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play information from the drums and into the Display
System. The second and third are used for consecutively
reading track display information and radar display
information from the drums into the Display System.

3.3.9 Intercommunication Field Circuits

The intercommunication field circuits, logic draw-
ings §-1.6.1, take intercommunication data stored on the
magnetic drums by the CD circuits in one Drum System
and transfer it to the alternate Drum System. This
transfer takes place under the control of the alternate
Drum System. The intercommunication field thus pro-
vides mutual contact between areas A and B of the
duplex equipment.

3.3.10 Test Circuits

Drum System test circuits are of two types: loop
test and manual test. The computer (loop) test circuit:
(fig. 1—16 logic drawings 1.8.1 and 1.8.2) provide th.
Central Computer System with a means of performin,
tests on the Drum System to detect alteration of data.
When the Drum System is in an operate mode, the
Central Computer System exchanges information with
the magnetic drums via the CD circuits only. However,
when the Drum System is in a computer-test mode, the
computer-test circuits provide the Central Computer
System with access to OD circuits. The additional data
paths made possible are shown by dashed lines on the
figure.

The manual-test circuits (logic drawing 1.7.2) en-
able maintenance personnel to exercise control over
Drum System performance in isolation from other as-
sociated systems. Manual-test circuits have facilities for
individual checking of the storage and control opera-
tions of the CD and OD circuits (shown by the light
lines of fig. 1—16). In addition, the manual-test circuits
contain manually operated controls that energize and
de-energize the Drum System and lamps that indicate
the condition of various Drum System circuits.
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PART 2
DRUM SYSTEM BASIC FUNCTIONS

CHAPTER 1
INTRODUCTION

To transfer data from source to destination, the
Drum System performs three sequential actions. It
RECEIVES — STORES — DELIVERS. These actions ate
associated with all data transfers regardless of the
points of source and destination.

On the other hand, considering source and destina-
tion, the following cases of data transfer result:

a. The Central Computer is both the point of
source and destination. These transfers are han-
dled by the eight auxiliary drums.

b. The Input System is the source and the Central
Computer System is the point of destination.
These transfers are handled by the LRI and GFI
fields of the LOG drum, and the MI and XTL
fields of the MIXD drum.

c. The Central Computer System is the source and
the Output System is the point of destination.
These transfers are handled by the OB fields in
the LOG drum.

d. The Central Computer System is the source and
the Display System is the point of destination.
These transfers are handled by the TD and RD
drums as well as by the DD field of the MIXD
drum.

e. The Central Computer System in the active area
of the equipment is the source and the Central
Computer System in the standby area is the point
of destination. These data transfers are handled
by the IC field of the MIXD drum.

Receiving, storing, and delivering from a specific
source to a specific destination involve six basic func-
tions of the Drum System: power control; magnetic
writing, reading, and erasing; timing; field selection;
field switching; and CD data transfer control.” These
functions are briefly reviewed in the following para-
graphs.

The characteristics of a drum rotor demand con-
siderable initial torque from the driving motor. To de-

velop initial torque, a motor places heavy drain upon
line current which, in turn, rules out the practicability
of simultaneous starts. Chapter 2 discusses the relay
network controlling sequential starting of the motors
in the Drum System.

The 12 drums in the Drum System are magnetic
storage devices. Storage facilities thereby provided im-
ply that information received is recorded and is made
available for delivery to destination at the proper time.
The recording process is called magnetic writing; mak-
ing data available is the process of magnetic reading.
Eliminating, or cleaning, magnetic storage from a drum
constitutes the process of magnetic erasing. This sub-
ject is presented in Chapter 3.

Each of the drums in. the system generates its own
timing signals. In the auxiliary drums, the use of timing
signals is restricted to the control of local operations of
each drum. However, timing from each of the other
drums serves to control, not only local operation of the
drum, but also the operations of the system or systems
(Input, Output, and Display) related to the drum. The
Central Computer and Drum Systems have individual
and isolated timing control.

Examining the different cases of data transfer
through the Drum System, it will be noticed that, in
each case, the Central Computer System is the source
or destination of each transfer. This condition indicates
that computer-drum (CD) exchanges represent the en-
tire traffrc of data through the system. Such concentrated
activity requires that CD transfers in either direction
be made one at a time. Field selection (Ch 5) is initiated
by the Central Computer to isolate one drum field from
the 75 drum fields available. The field selected is prop-
erly energized to write on or read from the drum, ac-
cording to the direction of the transfer.

Field switching is an allied function of field selec-
tion. Diode switches acting in check-valve fashion place
the selected field in direct communication with the cir-
cuits which control the write or read operation.

Also allied to field selection is the control of data
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transfer from drums to Central Computer or vice-versa. determines the method of transfer, and the release of
This function includes the reception of the Central data to be written on or to be read from the selected
Computer instruction to start writing or reading, the drum field. Chapter 7 describes CD data transfer con-

activation of address control or status control which trol.
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CHAPTER 2
DRUM MOTOR POWER CONTROL

2.1 GENERAL

The operations of the Drum System discussed in
this manual are based on the assumption that each cor-
responding drum is rotating. This chapter describes the
operation of the drum motor circuits supplying power
to the drum motors that drive the drum rotors. The
mounting of drum motors and the supply circuits which
energize them are identical in all drum assemblies.

Drum motors may be energized in either of two
ways: by means of automatic sequential cycling or in-
dividually. In either case, there is a need for an under-
standing of the manual operation of associated switches
to implement the discussion of circuit performance.

Drum motors are numbered 1 through 6 in ac-
cordance with the order in which they are energized
during sequential cycling. For the main drums, the
order is as follows: motor 1, AM-B drum; motor 2,
LOG drum; motor 3, RD drum; motor 4, TD drum;
motot 5, AM-A drum; motor 6, MIXD drum. For the
auxiliary drum, the order is as follows: motor 1, AM-G
drum; motor 2, AM-H drum; motor 3, AM-E drum;
motor 4, AM-F drum; motor 5, AM-C drum; motor
6, AM-D drum. Note that in Combat Control Centrals
utilizing a second TD drum in place of the R; drum,
this second TD drum is energized in the order normally
assigned to the RD drum.

Whether the drum motors are energized automati-
cally, by means of sequential cycling, or individually
by means of test door switch manipulation, the effects
of large current surges have been considered. To mini-
mize these effects, relay networks have been employed
which provide for the gradual activation of each drum
motor. The same relay networks furnish the sequential
cycling pattern utilized during automatic energizing.
This pattern is accomplished through the use of time
delay relays, which are adjustable from 1 to 10 seconds.
The normal time involved in the sequential cycling of
drum motors is approximately 6 seconds per drum.

2.2 DRUM-MOTOR START CIRCUIT

Energizing of the drum motors is determined by
the presence of 208V, 3-phase, 60-cps power in the start
circuits of units 29 and 46 (fig. 2—1). This is effected
by the manual setting of circuit breakers (CB) CB1
through CB7. The CB’s are numbered to correspond
with the number of their respective drum motors. For

instance, CB1 is in the circuit of motor 1, CB2 is in the
circuit of motor 2, and so on. CB7 is used to initiate
the energizing of the motor control circuit (par. 2.3).
Each CB is provided with a thermal and a magnetic
overload device that protects the motor windings from
short circuits and prolonged overload conditions in the
power supply.

When CB7 is closed, time delay relay coil TR7 be-
comes energized and the corresponding contacts close.
This initiates the activation of the drum-motor control
circuit. With the closing of each of the drum motor
CB’s, line power is advanced to the magnetic contactors.
Operation of the magnetic contactors is dependent upon
the state of the corresponding control circuit. When this
circuit is energized, the contactors are closed and power
is applied to the drum motors.

An auxiliary switch is connected to the poles of
each of the CB’s. This switch contains one normally
open set of contacts (contacts A). When a CB is closed,
the corresponding auxiliary switch A contacts also close.
Should an overload or a short circuit occur during
motor operations, the CB automatically springs to the
OFF position; the auxiliary switch A contacts open.
These conditions are reflected in the control circuit,
and the associated drum motor is de-energized. After
a CB opens, it is necessary to manually reset the CB
to establish power connection.

2.3 SEQUENTIAL ENERGIZING, CONTROL
CIRCUIT ANALYSIS

The drum-motor control circuit (fig. 2—2) serves
to provide the required voltage cycling for energizing
each drum motor. The —48V needed to activate the
circuit is furnished through the contacts of time-delay
relay TR7, which is energized by the activation of CB7
in the corresponding drum-motor start circuit (par.
2.2). The following circuit analysis is based on the as-
sumption that TR7 is energized. Because TR7 is an

" undervoltage relay, its contacts will open, stopping

motor operation when the line voltage applied to the
motors decreases below a selected value for a set period
of time. This period is adjustable between 1 and 10
seconds. For example, if the delay is for 8 seconds, the
undervoltage condition must remain for 8 continuous
seconds before the relay contacts open.

The sequential energizing process is initiated by
placing the individual drum motor power control
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Figure 2—1. Drum-Motor Start Circuit, Simplified Schematic Diagram

switches to the OPERATE position, and the MASTER
ON-OFF switch, 8§26, on module 21L (module 20F for
auxiliary drums) to the ON position. With TR7 ener-
gized —48V energize control relays CR7-1 and CR7-2;
with §26 closed, —48V energize control relay CRS.
Through the closed contacts of relays CR7-1 and CRS, a
path is completed to energize relay AM-B M1, which
causes the magnetic contactor to close and energize
motor 1. The above —48V path is formed through the
following: closed contacts of energized CR7-1 and
CR8 relays; closed contacts of de-energized CR1; closed
contacts of AM-B OFF switch; closed contacts of over-
load relay OLR1.

The closing of relay contacts CR7-1 and CR8 con-
tributes to automatic motor sequencing in other re-
spects. Through these contacts, —48V is applied to
TR1. Time-delay relay TR1 is similar in operation to
TR7 in that its coil requires from 1 to 10 seconds to
become energized. When TR1 becomes energized, the
corresponding contacts close, applying —48V to relay
CR1.

24

Control relay CR1 has two sets of contacts, one
normally closed (A contacts), and one normally open
(B contacts). When CRI1 is energized, the A contacts
open, thus interrupting the original —48V path to relay
AM-B M1. However, figure 2—2 indicates that the
energizing of AM-B M1, in addition to causing the
drum motor to start, serves to close auxiliary contacts
in the control circuit. These contacts also carry —48V
power. Therefore, the relay is held energized through
its own contacts.

Closed CR1 B contacts determine the energizing
of the motor 2 control circuit. Consequently, the time
between the energizing of motor 1 and the energizing
of motor 2 is identical to the time setting of TR1. This
is because —48V reach CR1 only after TR1 has been
energized. This energizing process is repeated until all
six motors have been energized.

The drum-motor control circuits contain overload
relays which serve as additional protective devices.
These relays, OLR1 through OLRG, are connected in
series with each respective set of @1 and 3 a-c overload
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relay contacts. The @1 and Q3 relay coils, which are
physically connected in the drum-motor power lines,
are energized in cases of rapid current changes (such as
would be produced by a short circuit). These radical
changes are reflected in the control circuit by the open-
ing of contacts @1 and @3. This, in turn, de-energizes
overload relay R1, thus, removing energizing voltage
from AM-B MI1. At this time magnetic contactors M1
are opened and power is removed from the drum motor.

An alarm circuit included in the drum-motor con-
trol circuit indicates the opening of a circuit breaker,
de-energizing of an overload relay, or an all-motors off
condition. Before CB7 is closed, —48V are applied to
the CB and OL alarm light and bell through auxiliary
switch B contacts and normally closed CR7-2A and
CR10 contacts. When CB7 is closed, these contacts open,
removing —48V from the bell and light.

When TR7 contacts are closed, CR7-2 is energized;
the A contacts open and the B contacts close. At the
end of the delay between the starting of the first and
second drum motors, CR1 contacts close, If CR10 is
de-energized at that time, the alarm light and bell
receive —48V. Relay CR10 is de-energized only when
CB7 is open or if one of the overload relays becomes
de-energized.

2.4 INDIVIDUAL ENERGIZING, CONTROL
CIRCUIT ANALYSIS

The operation of the drum-motor control circuits

MmI
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(fig. 2—2) also allows each drum to be individually
energized.

This is accomplished through the manipulation of
each corresponding START-OFF switch on the test
door of module L (module 20F for auxiliary drums).
This switch is a 3-position lever switch containing an
upper (START) position, a middle (OPERATE) posi-
tion, and a lower (OFF) position. In the OPERATE
position (automatic start), the OFF contacts are closed
and the START contacts are open. When the switch is
set to the START position from the OPERATE position,
both the START and OFF contacts are closed. Con-
versely, when the switch is set from the OPERATE
position to the OFF position, both the START and
OFF contacts are open.

Initially, the START-OFF switch must be in the
OFF position so as to allow the —48V power to be
present without activating the drum-motor control cit-
cuit. This supply voltage is made available by setting
the MASTER ON-OFF switch to the lower (ON) posi-
tion. After a predetermined period of time (approxi-
mately 6 seconds per drum) the START-OFF switch
may be placed to the upper (START) position. Activa-
tion of the corresponding control circuit is immediate
and takes place as described in paragraph 2.2. It should
be noted that all drums can be manually started at one
time. This action, however, results in excessive current
drain and will cause associated circuit breakers to trip,
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Figure 2—3. Main-Drum Motor Control Indicator Circuit, Simplified Diagram
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thereby de-energizing the motors. Therefore, a pause
is required between successive activations of START-
OFF switches.

2.5 DRUM MOTOR INDICATOR LAMPS, CIRCUIT
ANALYSIS

Indicator lamps that display the operating condi-
tion of the drum motors are located on the test door,

3-42-0

Drum Motor Indicator Lamps
24-25

module 21L (fig. 1—3) and in the drum-motor control
circuit. Figure 2—3 is a simplified schematic diagram
of the indicator lamp circuits. If any magnetic contactor
opens during operation, its normally open and not-
mally closed contacts reverse their states, and a d-c
path is completed between the —48V power supply
and the MOTOR OFF lamps associated with the motor
which has stopped. When all motors are energized, the
MASTER lamp on module 21L lights.
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CHAPTER 3
THEORY OF DRUM WRITING, READING, AND ERASING

This chapter describes the magnetic process of
writing, reading, and erasing on the nickel-cobalt sur-
face of a drum. A description is also given of the
manner in which the drum surface is divided, for pur-
poses of writing and reading, into fields and registers
which yield a total capacity of approximately one-half
million bits of information.

3.1 MAGNETIC WRITING

The fundamental block in the magnetic write, as
well as read, processes is the drum head (fig. 1-9). A
drum head consists mainly of a coil wound on an in-
verted U-shaped laminated core. The ends of this core
are held in close proximity to each other so that they
form a narrow (0.0027 inch) gap. When current is ap-
plied to the coil, the core becomes magnetized and a
magnetic field is developed across the gap. The lines of
force in this field not only follow a straight path be-
tween the ends of the core (or north and south ends of
the magnet) but also form a bulge from one core end
to the other. The lines of force in the bulge constitute
fringe flux which is used to magnetize, or write, on a
desired area of the drum surface.

Suitable pulse recording on the drum surface is ob-
tained by allowing a drum head to remain magnetized
for 1.7 usec. The fringe flux developed by the head
during this period leaves on the nickel-cobalt coating a

A
{ CONDUCTING)

>

+125v

B
(NON- CONDUCTING)

N/ _«———FRINGE FLUX

spot with lines of force arranged in the shape of a tiny
permanent magnet. This magnetized spot is called a bit.
In the Drum System, drum heads write 1 bits and 0 bits.
Generation of 1 and 0 bits is based on the theory of
electromagnets which dictates that the direction of cur-
rent in a coil determines the north and south poles of
the electromagnet (fig. 2—4). Drum write heads are
generally connected to follow this theory. The power
source is connected to a center tap in the coil and a
vacuum tube is connected at either end of the coil. At
any given time in a write operation, one of the two
tubes is conducting and the other is nonconducting.
For example, to write a 1 bit, tube A is conducting; this
causes the right-hand side of the core to become the
north pole of the electromagnet, while the other end
is the south pole. Accordingly, lines of force flow from
north to south. To write a 0 bit, tube A is nonconduct-
ing and tube B is conducting. North and south poles
of the electromagnet switch places and the lines of
force accordingly switch direction.

The flux density of a recorded bit can be con-
trolled by manual adjustment. This adjustment consists
of varying the distance between the core gap and the
drum surface.

The magnitude of the write current determines the
amount of fringe flux and, consequently, the physical

A
(NON-CONDUCTING)

B +125 vV
(CONDUCTING)

I BIT

DRUM SURFACE

0 BIT

Figure 2—4. Drum-Head Write Operation
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size of the recorded bit. A write current of 110 ma
produces satisfactory bit saturation but is not exces-
sively large to cause the bit to overlap with others
recorded in adjacent areas. Another factor influencing
bit size is the measurement of the core gap which is
predetermined at the time of manufacture.

3.2 MAGNETIC READING

The magnetized spots, or bits, recorded on the
drum surface during the write process serve to induce a
voltage on the same drum head or any other head dur-
ing the reading process. Thus, without variation to its
flux density and physical size, a recorded bit can be
read over and over at every drum revolution, as the bit
passes under a core gap. This type of magnetic reading
is called nondestructive reading.

The relationship between the flux distribution pat-
tern written on the drum surface and the read voltage
induced in the head with respect to time are illustrated
in figure 2—5. Section A of the figure represents this
relationship in a 1 bit; B, represents a 0 bit. Consider-
ing the 1 bit before reaching the gap at time 1, flux
density and, consequently, induced voltage are zero.
From time 1 to time 2, flux density and read voltage
slowly build up. From time 2 to time 4, flux increases

ONE BIT ZERO BIT
DRUM
FLUX
SURRACE 1 DIRECTION PpamNN
s N WRITTEN | 4 T3S
v ” BT /f‘;":\\
LMD
NN QAT A
T FLUX
+ / \ DISTRIBUTION
/ PATTERN
0 | \\
123456789 123456789
TIME TIME
+ / READ \
/ VOLTAGE \
£ / \

(A) (B)

Figure 2—5. Flux Distribution — Read Wave-
forms Relationship
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at a rapid rate; therefore, the induced voltage also
undergoes a rapid increase. Between time 4 and time 6
the rate of flux change diminishes to almost no change
as it goes past time 5. During this period, the read
voltage induced in the head collapses and overshoots
through the zero axis to its negative peak. From time 6
to time 8 flux changes rapidly and the voltage induced
in t