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FREFACE

PREFACE

The need for a handbook of digital recording fundamentals has existed
for a long time. Most texts have either failed to cover the subject

of pulse recording or have gilven it inadequate attention. This is
somevhat paradoxical in the face of the amount of detailed knowledge
available. Much more is known about the basic pulse recording and
reproducing process than is known about analog recording, e.g., direct.
The references will give the reader a much more analytical and detailed
explanation than is contained herein. However, the iaformation
included is intended to project the practical knowledge required in

the everyday world,

This document is published for the first time, knowing full well that
it is not perfect or complete in every detail, The probability of
publication would be remote if we were to await the desired degree of
perfection,

We are continually striving to raise the general level of our work
and need your individual help to achieve this objective., The euthor
is anxious to receive your comments regarding the general approach
used. Specific criticism will be most beneficial in shaping the
second edition which is to follow, Errors or omissions contained
herein should also be brought to the attention of the writer.

C. A, Williamson
8/13/62
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CHAFTER 1

INTRODUCTION

The Ampex Corporation entered the digital field with the FR-2C0 tape
transport in about.1956, Since that time Ampex has become a major
supplier of digital tape memories--both domestically and internationally.
Our success has been due, to large extent, to the technical ability of
our field force and application engineers. This success has also ‘
contributed to a greatly expanded field force which has attracted many
new individuals: to Ampex. Many of them, although experts in some other
field, are not familiar with digital tape memory systems. The purpose
of this handbook is to bring the knowledge of these new engineers in
line with current cspabilities. It is also thought that this handbook
can serve to summarize the knowledge of some of our "old-timers."

The continued success of Ampex depends upon the caliber of our technical
people. The effective selling and servicing of digital tape memories
requires individuals who possess a knowledge of the customer application
and a fundamental understanding of digital magnetic tape recording concepts.
This handbook has been 1argely devoted to magnetic tape recording concepts.
There is one chapter devoted primarily to what might be termed application.
This is the chapter on Tape Formats. Much of our effort is directed towards
satisfying requirements involving tape formats of a specific computer.

It is therefore required that we know what these format requirements are
and how we satisfy them. At the time of this writing, this chapter
contains only the IBM format. Others will be added during the revision
periods scheduled for this work. It is felt that this will not present

a serious limitation in that past experience has shown that the IBM
7-channel, one-half inch tape format constitutes about 80 percent of

the requirements.

Before we begin our investigation of tape memories it may be ‘beneficial
for us to consider the needs which the digital tape memory satisfies.
Magnetic tape memories have found an important place in the digital
information processing industry. Other data storage mediums, such as
punched cards or punched tape, are used to a certqin extent. However,
magnetic tape has certain advantages which places it far ahead of these
“competitors.”" By far the greatest advantage is the high information
transfer rate with which data can be transferred between the computer
and the magnetic tape. An additional major advantage is that of high
density information storage. An example of this is a 2,400-foot roll
of ome-half inch magnetic tape recorded at a character packing density
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of 556 characters per inch. Such a roll of tape can contain more than

16 million 7-bit characters, while 200,000 punched cards or 133,000 feet
of punched paper tape are required for the same amount of storage, It

is therefore not difiicult to see why magnetic tape is the principal
medium by which information is loaded into or unloaded from a large-
scale digital computer. Magnetic tape also serves as auxiliary storage
of intermediate computation results or other data where long access times
can be tolerated. Long in the sense used here is relative to the one

to ten microseconds associated with the main computer memory. Magnetic
tape is also used for long-term storage or for exchange of information
between computers or other data handling systems. Recording (storage)

of digital information on magnetic tape can be accomplished in many
different ways. Several rather basic methods of writing information on a
magnetic ‘surface have been developed. These methods are discussed in
greater detail in the chapters which deal with the coding and format-

ing of such information. While the chapter on codes in this handboock
deals with the rather basic fundamental coding systems, there are many
other more exotic methods, as well as basic method variations.

When computer information is to be recorded on magnetic tape, it usually
takes the form of digits or characters. The information is usually
referred to as characters when magnetic tape is involved. However,
numcrical information is sometimes referred to as digits. The magnetic
characters can represent alpha-numeric coding, binary information, or
symbolic codes used for print-out of computer information. The
characters can be grouped together to form fixed or variable words.

A fixed word always consists of a definite number of characters which
constitute a fixed word. The IBM system is an example where six binary
bits per character are grouped in 6-character increments to form the
36-bit computer word. The fixed or variable words can be recorded along
the length of the tape forming fixed or variable blocks or records. A
variable record length contains an indefinite number of characters
limited only by the physical length of the tape involved., Computers
designed around variable word and record lengths are usually more
flexible than computers designed for fixed increments of information.
However, variable word and record systems have a basic tape limitation.
For eéxample, the fixed word, fixed record system permits rewriting over
existing information without growth of the record. Each block and each
word is of a definite known length. This system is also fairly good
from the standpoint of tape utilization, because generally the amount

of tape upon which records are written is long compared t6 the total
length consumed by inter-record gaps. In addition, fixed words make
design of computers and their programming somewhat simpler, since a
given-sizéd chunk of information is always used. Variable word,
variable record systems have certain advantages too which have a
bearing upon the handling of certain kinds of data. It is convenient

to use this system which does not have rigid restrictions imposed upon
a number of characters contained in either the word or a record. Payroll
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records have varying amounts of information contained in them. For
example, employees' names ace not all the same length, hence variable
words are very convenient in handling situations of this sort. Salarles,
length of service, withholding tax, and all the other factors which
relate to payroll deductions, etc., are also not of fixed length, since
the content of various records différs tremendously from individual to
individual. 1In this case, variable words and variable record lengths
have a distinct advantage from the standpoint of tape utilization. If,
however, many records are quite short, a large percentage of the tape
might well be wasted in inter-record gaps. Short records are also
wasteful from a standpoint of start/stop times required between records.
To overcome this prcblem, variable words and variable record length
systems allow the lumping of many records together to form long, composite
records which then can be read in a singlé pass. (The same type of thing
is sometimes done in fixed word, fixed block machines.) Several items
may be combined in a single word by a procedure known as packing.
However, more programming effort is needed in this case. Groups of
words within the record constitute a field of information. A group of
records on a tape constitutes a file, the same as a group of records on
a given subject in the drawer of a filing cabinet comstitutes a file.
Hence, when customers speak of file of dating, master files, etc., they
are really talking about a reel of tape and the information it contains.

Various buffering systems are used between the input/output equipment
and the arithmetic unit of a computer. These buffers can be either
magnetic cores flip-flops, or magnetic drums.

Since a large disparity exists between the transfer rate of information
to or from a tape memory, and the speed of operation of the arithmetic
unit itself, most computers are equipped with input/output buffers.
These buffers are used to overcome some of the transfer rate problems
associated with tape memories. Buffers are generally used as follows:
A command to read a certain amount of information of a specific address
is given by the computer to the tape transport controller; the tape
control unit remembers this information and commences searching along

a given tape for a particular address.

During this interval the computer is free to continue processing other
information as programmed. When the tape unit has found the given
address, the information is read from the tape memory into the input
buffer where it is stored.’ When this operation is completed, the data
is transferred to the main computer memory under control of the stored
program. This data is procéssed by the central processor (arithmetic
unit). Conversely, when the data is to be entered on the tape memory

as a computer output, the information is normally transferred from the
internal memory of the computer into the output buffer. The information
is then read from the buffer and transmitted to the tape memory system.
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Many early computers required that computations be terminated during
transfer of information between the tape memory units and the internal
computer memory. With the advent of machines during the mid-fifties,
this problem was overcome and the tape memory information transfer can
and does take place independent of the computer arithmetic unit.

Buffer size, record length and tape speed accuracy are in some ways inter-
related. To illustrate this point, let us examine a typical computer
operation. This operation will be known as file up-dating, wherein new
information is added to certain records while certain other recorcs
contained within the file are re-recorded without processing. This

is not like a straight duplication process where information is read
directly from one tape and written upon another, Data is read,
transferred, operated vpon by the computer arithmetic unit, and then
written on the output tape. The speed accuracies of the tape transport
can cause the record length (in inches) to grow or shrink depending
upon the transfer rate. For example, if tapes recorded at 45 kb/s

at 150 ips are played back at 145 ips, the trensfer rate is reduced

to 43.5 kb/s. This lower transfer rate, if rewritten on a tape
transport at 150 ips would result in an increased record length.

Speed errors on the tape are a function of mechanical tolerances in
the drive system, tape dimensional changes, and power linme frequency
variations. In order to overcome this problem, information is read
from the tape memory into a buffer. When the buffer is one-half full,
information is read out of the buffer at a regular clock rate which is
timed mid-way between the minimum time of the anticipated input
irformation. Such a buffer is called a sequential interlace buffer

and finds frequent applications in digital data processing systems.

The information is then processed by the computer arithmetic unit

and is written on a new tape at the clock transfer rate. This results
in bit packing densities which vary only a small amount because of

tape speed error. Hence, the buffer in effect overcomes the speed
error associated with the tape memory transport.

These and other considerations are exemined in considerable detail in
the chapters which follow. Before examining the tape memory in
greater detail, the computer itself may be of some interest to us.
Figure 1 illustrates a typical computer employing a variety of storage
and display devices. It can be seen that storage devices with relatively
high speed and low access times are connected directly to the central
processing unit which contains the arithmetic unit. Devices with
relatively long access times which include printers, card readers,
card punchdrs, and magnetic tape units, are connected to buffering
channels, which permits the transfer of information to and from the
magnetic core storage at rates which are consistent with the
arithmetic speed of the computer.
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Figure 1

In the example 1llustrated, a single communication channel provides for
printers, card readers and card punchers, as well as a number of tape
units controlled by the tape unit controller. 1In addition, provision

is made for direct access of the arithmetic unit to the magnetic drum
units (slower than magnetic core but larger capacity). Access to high-
speed data display units by the central processor has also been provided,
Thus, a complete large scale computer has been outlined. The complete
detailing of all of these blocks is beyond the scope of this paper.

_ Rather, we will concern ourselves with the exchange of information
between the computer and typical tape memory units., The reader is
referred to current literature, wherein many of the blocks contailned
in Figure 1 are further amplified.
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CHAYTIR 2

MAGNETIC TAPE

INTRODUCTION

The recording of digital information on a magnetic surface can be
accomplished in many different ways. Magnetic surface as used here
refers to a surface with a depth dimension and not in the mathematical
sense. The surface can be deposited upon a disk, cylinder or a narrow,
pliable sheet of tape. The methods used to store information on these
devices are very similar., The methods of magnetic tape recording are
discussed in detail in succeeding chapters, The recording on drums or
disks is beyond the scope of this work and the reader is referred to
current literature for additional information on those devices. 1-2-8

Magnetic tape consists of thin sheets of plastic base material which
has been coated with ferrous oxide particles. These oxide particles
and their application to the base material are the subject of this
chapter.

TAPE -~ Physical Characteristics and Manufacture 3
TAPE BACKING

The tape backing consists of the thin sheet of cellulose acetate or
polyester film which is 6 to 12 inches wide when received from the
manufacturer. These rolls of base material are referred to as webs.
The thickness of the base material is normally .5, 1.0 or 1.5 mils
before coating. The uncoated webs range in length from 600 to 7,200
feet. The physical characteristics of these materials are shown in
Table 1.

TAPE COATING

1t should be remembered that the base material is merely a support for
the magnetic surface. The magnetic surface (coating) may be generally
classified under the heading of magnetic oxide or binder material.

The most suitable magnetic material for tape coating is the acicular form
of gamma ferric oxide (Fey0y7). It will have a particle length of .2 to
.8 microns (1 micron = -6 meters or 39 u inches) and a width of 1/2 to
1/6 of its length; a specific gravity of 4.7 and a coercivity of
approximately 260 oersteds. This is obtained from the basic raw material
which is the alpha form of Fej03.
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CHARACTERISTICS OF TAPE RACKING MATERIALS
(Based on 1.5 mil, .25" wide tape)

: Polyester
Acetate (Mylar*)
Economy Less expensive More expensive
Uniformity of thickness Excellent Good
Tensile strength (yield) 5.6 1bs. 11 1bs.
Tear strength 4 grams 12/25 grams (.001/.015")
Mildew resistance Low High
Fungus resistance Low High
Coefficient of thermal expension 30 x 10~%in./in. 15 x 107%in. /in.
(70° - 120° F)
Coefficient of humidity expamsion 150 x 10-%in./in. 11 x 10-6in./in.
(20 - 92% R.H.) ' 5 .
Width tolerance -.003 = ,001 -.003 = .col
Length tolerance -0 +30' -0 +30'
Skew - - - .125" /96" max.,

* T.M. DuPont
Table 1

The manufacturing process to obtain the end product is as follows:

1. Raw material - yellow ferrite (Fep0O3 Hp0) is dehydrated to
&Fepl3 . This is ved, non-magnetic oxide.

2. Addition of hydrogen or carbon monoxide plus heat converts
the L Fep03 to Fe30y4 (black, magnetic ferrous ferric oxide).

3. Application of oxygen and heat (under closely controlled
conditions) will produce the final gamma form of Feg03.

During the manufacture of the various oxides, extreme care is taken to
produce a crystal of a particular size and shape. The crystal formation
is due to the dehydration process. This process encourages to crystals
to adhere, forming small masses. These masses are then separated into
individual particles in a ball mill. Care igs taken during the balling
that no grinding takes place in order to prevent reduction of the
particle size. o

During the ball milling process the binders are added which consist of:
1. Binder - Cement that holds particles onto the backing.

2. Plasticizer - Gives flexibility to binder,
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3. Wetting agont - Used to keep the Feg03 particles from re-
combining.

4. Lubricant - Prevents the binder from adhering to the next
layer of tape when wound on a reecl.

5. Resin - Aid in dispersion of Fep03 particles and toughen
coating., '

6. Solvents - Enhances the binding between the coating and
backing, ' '

7. Anti-bloom agent - Prevents powder-like residue from forming
on tape.

The ratio of oxide to binder generally is 60 to 40 percent. The particle
size and uniformity determines to some extent the surface roughness of

the tape coating, which is one of the contributing factors in high
frequency resolution.

COATING AND POLISHING TECHNIQUES
Tbere are three principle methods of applying the coating to thg backing:
1. Knife or blade - Coating spread on ﬁape.
2. Rotogravure - Coating applied to an engfaved roller wﬁich
deposits small beads of coating on backing which settle to

a uniform thickness.

3. Reverse rollers - Controlled amount of coating poured on
roller and deposited on backing. ‘

In each case the thickness of the coating is closely maintained. Common
thicknesses are .41 and .46 mils. ‘

After backing is coated, the tape is then polished to remove the small
needle-like projections caused by the particle shape. The four
principle methods of accomplishing this are:

1. High-speed brushes of nylon or horsechair.

2. Buffing wheel.

3. 'Self-rubbing action.

4, Ferrosheening.'
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In the first three methods the protuberances are either ground down or
pulled out. 1In the latter method these protuberances are flattened
into the surface.

The final step in the manufacturing process is the slitting of the tape
into specific widths.

MAGNETIC CHARACTERISTICS ¥

-Before the description of magnetic tape memories is attempted, some basic
terms and their meanings should be discussed. Reference is made to
Figure 1 where a representative curve of magnetomotive force vs. flux
is shown. Such curves are usually referred to as B-H curves.

B

'1a7

Figure 1

One of the most important specifications of magnetic tape is Intrinsic
Coercivity (Hci) which is a measurement of the force required to
reduce the intrinsic induction of the magnetized surface to zero.

The value (measured in oersteds) is an indication of the suitability
of the material for tape memory applications. The value must be

% Definition and Explanation of Ampex
Computer Tape Specification 800-10-60
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adjusted to provide operational performance of writing and ease of
intentional erasure. The values shown fn Table II represent an
optimum balance of these requirements,

The Saturation Flux (fm) refers to the condition where a given cross-
sectional area of tape is supporting the maximum number of lines of
force. :

Remanent Flux (fr) is that which remains in the same area after the.
energizing field is removed., This is an important specification in that
it represents the signal-producing force which will be picked up by the
read head. -

Squareness Ratio is an indication of the efficiency of magnetic material.
It is obtained by dividing the Remenent Flux by the Saturated Flux.
Material with a Squareness Ratio of 1.0 would retain the saturated flux
level after the signal field was removed. As the squareness ratio
diminishes, a smaller part of the saturated level remains.

Retentivity (Br) is a measure of flux concentration. It is expressed
in maxwells per square centimeter, or gauss, and is obtained from:

Remanent Flux
Surface thickness x tape width in sq. cm.

Relative Output in db is an index figure for judging output levels
using Ampex Standard Computer Tape as a zero reference. Measuring
tests were conducted on a production model Ampex FR-307 digital tape
handler. Read head voltage was measured across a 10,000 ohm load.

A Hewlett-Packard 211-A Square Wave Generator was employed to supply
the basic writing signal. The relationship of head output voltage is
established allowing the adjustment of clipping levels as a function of
the tape selected.

Output Uniformity is the maximum deviation in output voltage described
above measured as employing a 200 bits per inch pulse packing density.
The mean value of a thousand samples observed over 'a .period of several
months is taken as the center line.

The maximum output deviations have been set to fall within acceptable
computer requirements. This insures that no clipping level readjustment
will be required from reel to reel of the same basic type of Ampex
Computer tape. ‘

Erasing Field is a recommended fisld which will reduce a saturated tape
output signal to better than minus 60 db.. Any remaining field below
the minus 60 db will not activate any known electronics., For all
practical purposes, minus 60 db represents a state of complete erasure.
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The erasing field required is a function of loop squarceness. The more
square the loop, the greater the erzsing field needed. Hei represents
the minimum field required for erasure. However, to assure complete
erasure under all conditions, the minimum field advisable is increased
by a factor of approxima ely four,

Resolution is a measure in microseconds indicating the pulse packing
potential. OQur figures are calculated as follows:

a2) Record (NRZ-M) a tape at 200 bit/inch.

+
100%

Voltage 25%
0

Figure 2

b) Time (T) (from the read head output) is measured at the
25 percent level of meximum pulse amplitude and represents
the time expired between the pulse rise and the pulse fall
at the 25 percent level.

The smaller the T, the greater the pulse packing potential (PPP) of
tape. The PFP of tape is in part a function of coating thickness. The
thinner the coating, the greater the PPP. However, reduction of
coating thickness is limited by the output level required and the
desired wear characteristics, etc. The PPP of tape is also a function
of oxide dispersion uniformity. Note: the figures given are to be
used as an index only, since head configurations other than those on
an Ampex FR-307 will provide figures in the area of plus 15 percent to
minus 5 percent deviation from those stated in the specifications.

The Drop-out and Drop-in Frequency is a measure of tape suitability.

This information is obtained by writing at saturation a series of flux
reversals corresponding to the maximum packing density for which the

tape is to be used., The tape is then read and the number of pulses

(one pulse is associated with each flux reversal) which fail to exceed

50 percent amplitude of a nominal pulse are counted. Pulses which do

not exceed 50 percent threshold clipping level are termed dropouts.

Errors can also occur if the surface has imperfections where the magnetic
material has been removed in some way. Detection of these is accomplished
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by saturating the tape and looking for a read back voltage which exceeds
10 percent of the nominal voltage associated with a flux change. All
Ampex Computer Tape is 100 percent tested as described sbove, Please
note that the track width and spacing of the head used in the application
must match the head used in testing for the guarantee to be valid.

Layer to Layer Signal Transfer is also known as print-thru. This.

characteristic is measured as per the following procedure:

a) A completely erased tape is written to saturation at 200 bits
per inch in one inch program blocks, with one and a half inch
block sp block spacing.

b) The tape is conditioned under closely controlled environmental
extremes for four hours.

c) The block spacing is then read for program print-thru, and the
resulting signal expressed as a percent of the original signal.

The print-thru on Ampex Computer Tape will never cause drop-ins as
defined above,

The reader is referred to Appendix II wherein a typical tape
specification is outlined. This specification concerns the tapes

to be used on IBM 727 and 729 I through IV tape stations and is a

copy of an official IBM specification. The original was received

with several rolls of IBM tape early in 1961. This document is not
necessarily current, but it is representative of such tape specifications.
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Long Wear Regular Wear Long Wear
High Output Reg. Output Reg, Output
833/843 Lo  831/841 Lo 832/843 Lo

Electro-Magnetic Properties 836/846 Hi 834/844 Hi 835/845 Hi Remarks
i i 262 8 2 ds +
Intrinsic Coercivity Hej 6 25 254 Oersteds + 5% Magnetic
Saturation Flux . 2.1 . 1.7 1.6 (Lines %" tape) fm measurements
Remanent Flux 1.65 1.3 1.2 (Lines %" tape) @r ggde Onslﬁogo oes.
- — A cps B-
Squareness Factor 0.78 0.76 0.75 Ratio, Sq. = fr/¢m ( traczr oop
Retentivity Br 1290 1010 990 Gauss, Br = fir/Area;,
Relative Qutput Assume 831 @ 200 BPI as zero reference
200 bits/inch +25 : o ¢ point, 2ll others + in percentage from
600 bits/inch +15 -8 -10 this. Measurements made on Ampex TM-2
: system, 150 IPS.
Qutput Uniformity When supplied + 5% reel to reel, the
Reel to Reel , + 10% or to Spec tape output varies no more than + 5%
Within a Reel + 3% T 3% | 3% from the average of 100 bits read from

the Ampex ceaterline tape.

Oersteds; strength of field to reduce

Erasure Field 800 700 700 : a saturated tape output to -60 db, or
, : better.
Width 10.5 8 9 + |Microseconds; read pulse width at 25%

of maximum amplitude, 156 IPS.

Resolution A « '
Factor .90 .92 .90 Ratio of 600 BPI output to 200 BPI

output with standard Ampex TM-2 head
and cable system, 150 IPS.

An error is considered to be any bit
whose read amplitude is 50% below normal,
or any read noise spike from a saturated
Zero Errors at Density Lo/Hi tape over 87 of normal signal. Normal

: : acceptance is zero errors at 200 or 560
'BPI, or to specification.
Lo = 200 BPI; Hi = 556 BPI

, | " |% normal signal transferred to adjacent
Print Through -45 -4 -3 layer, 200 BP1 saturated, 70F for 168hrs.

Table II



CHAPTER 3

CODING SYSTEMS -

The storage of binary information on a magnetic surface can take many
forms. The term "surface'" as used herein refers to the thin film of
magnetic material which has been in some way applied to a surface

and not in the mathematical sense. The surface can be a cylindrical
drum, a disk or a width of cellulose acetate or polyester film. The
.characteristics of the tape are discussed in the magnetic tape chapter
‘of this handbook. One common element to all systems of magnetic
information storage is that they all rely on differences in flux
levels. That is, information is recorded in the form of flux levels,
usually of opposite polarity at discreet points along the length of

a track. At this point we will depart from the general subject and
consider only those factors which influence thé recording of information
on magnetic tape. The reader is referred to current literature for
information concerning drum and disk devices. 1-2-8

The writing and reading of information using a magnetic tape is
accomplished by transducers called heads. The characteristics of

these devices and their method of fabrication are dealt with in other
chapters of this handbook. It is sufficient for our purpose here to

say that & current which is caused to flow through a write head will -
in some way cause the tape to be magnetized. Likewise, a head to be
used for reading will have a voltage induced in it as a function of the’
relative flux level and motion of the tape. The motion of the tape past
the usually fixed reproduce head acts to scale the amplitude and width
of the read pulse. 2

Any one of several basic techniques (or variations thereof) may be used
for the storage of information. Some of these are discussed below.

RZ

The return to zero method of recording utilizes a tape which is in a
magnetically neutral state as it approaches the write head. Ones and
zeros have been assigned opposite flux polarities and a bit is recorded
by applying current pulses through the write head. Short current pulses
in one direction causing, say, positive tape saturation for a binary one
and in the opposite direction for writing the flux necessary to represent

a binary zero. Figure 1 illustrates this action, where 1A 1ndicates
current through the head, .
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Figure 1

It also represents in a general way the flux on the tape. It can be
seen that there is no current through the write head between bits and
that flux returns to zero. The usual case will involve the movement
of tape across the head during the write and read process. The write
current rise and fall times are usually quite short, a microsecond or
s0, which result it sharp transitions of flux on the surface as a
function of distance along the length of the tape. The bit packing
density is then generally limited to the width of the pulse (drive
current), the magnetic fringing effects of the write head, and the
resolution of the tape and read head.

The voltage induced in the read head is shown in Figure 1B, where signal
polarity differences can be observed between one and zero bits. In every
case the signal rises positive before descending to a negative peak for

a one bit where the opposite is true for a zero bit. This presumes a
specific connection of the read head windings.

The recording of a pulse for each bit has the advantage that a lack of

a read head signal is an obvious error. It is also easy to detect the
read pulse at the right instant using relatively simple detectors to
detect the amplitude and phase of the read head signal. 1In addition,

a separation which lifts the recording medium away from either the write
or read head will produce no error along the length of the medium. The
disadvantages of the RZ system are that the medium must be erased prior

DT-12 15 Training Department



to writing, and a separation of the recad head and medium will result in
considerable loss of signal due to the short wave lengths involved.
Little use has been made of the RZ system of recording in tape memories
although it has the advantage of being self-clocking and does not require
a DC connection to the driving circuit. This latter advantage has been
considerably reduced by low voltage transistor circuits which are
comparatively recent innovations. It is suggested that perhaps early
workers in the field of magnetic recording thought that other coding
systems offered higher information storage per unit of medium. Possibly
this was true, considering the almost universal practice of using some
method of amplitude detection. Later work has shown that this is not
the case and there is little difference between RZ and NRZ read head
pulse widths. There are two variations of the RZ system which have
been used. One system uses the presence of a pulse to represent a one
and the absence of a pulse to represent a zero. The disadvantage of
this system is that only one-half of BH curve is being utilized. The
other variation is referred to as RB recording, and since this system
has been wi