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1 Claim. (CL 179--100.2)

The present invention relates  to non-linear magnetic
recording compensation and more particularly to systems

and methods of magnetic recording linearly and compen--

sating for the non-linear magnetic characteristic of mag-
netic record mediums.

A ‘major problem which has continuously faced the
researchers and developing scientists in the field of mag-
netic recording has been the problem of providing. high
fidelity magnetic recording on and reproduction from the
magnetic record mediums ¢mployed.. Numerous advances
have been made in the quality of the magnetic record
mediums, such as wires and tapes and belts, etc., but these
systems have inherently had non-linear retention and
transfer characteristics. ‘

To overcome the difficulty of. non-linearly and Te-
cording and reproducing by virtue of non-linear char-
acteristics of the magnetic record medium, such systems
as D.-C. biasing and A.-C. biasirig have been developed.
Although A.-C. biasing is in common use today and
provides a most” advantageous type of system for ob-

taining high fidelity magnetic recording, other systems ©

have been tried as atfempts to overcome the non-linear
magnetic characteristic of the record mediums. ©ne such
other system employs. super-imposing the intelligence
signal to be recorded upon a square wave of the same
time base as the individual cycles of the intelligence
signal and thereafter impressing that sum potential upon
the magnetic record medium. Experience shows that such
a system is critical to adjust, introduces spurious signals,
especially at low levels, and introduces a high degree of
distortion by virtue of the sharp changes in the signal
ag it is impressed upon the record thereby resulting in an
undue increase 111 the harmonic content of the recorded
“signal.

For an understanding of the present invention, the
reader should first understand the nature and appearance
of the magnetic transfer characteristic of a magnetic
record medivm. This characteristic has an instep and
a knee in each the first and third quadrants, assuming
that the curve is symmetrical about the origin.. Reécord-
ing between the insteps and the knees in each quadrant
through which the characteristic curve extends provides
a substantially linear recording. “When the system for
recording is not provided with bias, signals have to pass
through the instep of the curve and thereby are recorded
in a most nen-linear manner.

When one form of D.-C. biasing is employed, magnstic
recording is effected in only the small linear portion be-
tween the instep and the knee in, for example, the first
quadrant of the characteristic curve. On the other hand,
when A.-C. biasing is employed, recording is effected in
both the first and third quadrants, and a wider recording
range is obtained.

Although- A~C. biasing uses the recording region to
good advantage, it has the disadvantages of demagnetiza-
tion, especially at high audio frequencies, bias noise, and
beat tones between the bias and the audio harmonics.

By the present invention, however, I am able to obviate
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all of these above ‘described difficulties and am able to
effect linear magnetic recording through a greatly in-
creased range of amplitude including. linear magnetic
recording even though the insteps and the knees of the
magrnetic. characteristic curve and transfer characteristic
of the magnetic record medium. By the system of the
present invention, I am able to obviate the difficulty of
limited -amplitude recording on a single linear portion
of the magnetic characteristic and transfer characteristic
which limitation is present in-employing the stated form
of direct current biasing. Similarly, I am able to obviate,
through employment of the present invention, certain dis-
advantages of A.-C. biasing. Also, by the system of the
present invention, I am able to overcome the difficulties of
low fidelity recording which are present when the intelli-
gence signal to be recorded is super-imposed upon a
squars wave or the like as described above.

The system of. the present invention, as further de-
scribed in detail together with a detailed description of
preferred embodiments of the present invention herein-
below, includes distortion of the intelligence signal to be
recorded in a manner compensating -for the non-linear
transfer characteristic of ‘the magnetic record medium
such that.the resultant effect of the distorted signal and
uon-linear characteristic is a linear recording of high
fidelity and increased amplitude range. . By the present
invention, there is provided substantially linear magnetic
recording over .2 maximum' range of amplitude variation
from .zero signal intensity. to maximum signal intensity
by virtue of distorting the signal in a manner comple-
mentary to the magnetic transfer characteristic of the
record medium. The distortion of the input. intelligence
signal is substantially inverse with réspect to the magnetic
transfer. characteristic of the récord medium so that the
resultant effect is a linéar recording of maximum range.

Therefore, it is an important object of the present
invention, to .provide a new and improved magnetic
recording system and method  giving substantially linear
recording.

It is another important object of the present invention
to provide a system and method for linearly recording
an intelligence signal .on a magnetic record medium hav-
ing a non-linear magnetic transfer characteristic.

Still another object of the present invention is to pro-
vide a system and method for linearly magnetically re-
cording on a record medium having non-linear magnetic
characteristics by applying to said medium an intelligence
signal distorted relatively inversely, complementary, with
respect. to the non-linear characteristic. of the medivm.

It is still another important object of the present in-
vention to provide‘a system and method for distorting
an input intelligence signal in a manner complementary

and substantially inverse with respect to the non-linear
characteristic of the magnetic record medium upon wh1ch
said s1gnal is to be linearly recorded.

It is still another object of the present .invention to
provide a system and method for distorting an inteliigence
signal to provide the same with -a characteristic curve
which is inversely and complementary related to the non-
linear magnetic ‘characteristic of the, magnetic medium
upon which the signal is to be recorded.

Yet another object of the ‘present invention is-to pro-
vide a magnetic record member of non-linear magnetic' .
characteristics with a signal linearly reécorded thereon over
a range including the non-linear portion of the magnetic
characteristic of the record member.

Yet another important object of the present invention
is to provide a system and method for magnetic recording
including a feed-back system for distorting the intelligence
signal to be recorded complementary to the non-linear
magnretic transfer characteristic of the record member.

Yet another object of the present invention is to pro-
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vide a magnetic recording method and system for linearly
magnetically recording an intelligence signal on a mag-
netic record medium having non-linear magnetic charac-
teristics by directly distorting the signal to be recorded.

Yet another object of the present invention is to pro-
vide systems for distorting the intelligence signal as de-
scribed through feed-back distortion systems and through
direct distortion and attenuation systems.

Yet another object of the present invention is to dis-
tort an intelligence signal to be magnetically recorded
such that low amplitude signals are relatively amplified
‘and high amplitnde signals are relatively attenuated for
compensating for the non-linear magnetic transfer charac-
teristics of the record medium upon which the signal is
to be linearly recorded. :

Still otber objects,. features and advantages of the
present invention will become readily apparent from the
foregoing as well as from the following detailed descrip-
tion and from the appended claim and from the accom-
panying drawings in which like reference numerals refer
to like parts and in which:

Figure 1 is a graphic illustration of the non-linear mag-
netic transfer characteristic of a record medium as com-
pared with the distortion characteristic to be imparted
to the intelligence signal to be recorded on the medium
and the resultant linear magnetic recording characteristic;

Figure 2 is a block schematic representation of a re-
cording system embodying the principles of the present
invention;

Figure 3 is a block schematic representation of another
preferred system embodying the principles of the present
invéntion and including a distortion feed-back system;

Figure 4 is a schematic illustration of one form of feed-
back distortion system embodying the principles of the
present invention; )

Figures 5, 6, 7 and 8 are other preferred fesdback
systems for distorting an intelligence signal in accordance
with the principles of the present invention; and

Figures 9, 10, 11, 12, 13 and 14 are schematic illustra-
tion of preferred systems for direct distortion of intelli-
gence signals in accordance with the principles of the
present invention.

Attention is first directed to Figure 1| wherein there is
graphically illustrated several curves which are of great

assistance in understanding the principles of the present -2

invention.. The curve 1 . graphically illustrates the
(B,—H) flux density retained B, vs. magnetization force
applied H, magnetic transfer characteristic of the record
medjum, while the curve 2 represents the distortion

characteristic to be imparted to the intelligence signal to &

be recorded and the curve 3 represents the resultant
linear recording charactetistic in accordance with the
principles of the present invention.

When a magnetic record medium is subjected to a
magnetization force H, a corresponding flux density B
is set up.  If the magnetization force reaches any par-
ticular desired level then the flux dedsity will also reach
a corresponding -level but the relationship between these
values will not be a linear one. Following application
of a magnetization force H of sufficient strength to satu-
rate the record member at a flux density By,x, any further
increase in the magnetization force will produce little or
no increase in the flux density of the:record medium.
On the other hand, the application of a magnetization

force of a reasonably small value will have an almost 3

negligible effect wpon the flux density B in the record
member.. Continued increase in the magnetization force
will, at a determinable level thereof, create an increasing
rate of increase in the flux density and thereafter the

flux density will increase more linearly with the increase.

in magnetization force until saturation is approached after
which the flux “demsity will have a decreasing rate of
increase until saturation is actually reached. The region
of the B—H curve which represents the sharp increase in
the rate of increase of flux density with small increments
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of increase in magnetization force may be termed the
instep of the magnetization curve and the region of the
curve wherein the rate of increase of flux density de-
creases with increases of magnetization -is termed the
knee of the magnetization characteristic. Removal of
the magnetization force will not cause complete loss of
magnetization of a magnetic record member previously
magnetized to some predetermined level. The flux den-
sity which remains or is retained by the record member is
somewhat less than the flux density present in the member
while the same is subjected to the predetermined mag-
netization force and this retained flux density may be
expressed as B,, remnant induction or remnant flux
density.

A plot of this remnant flux density against the actual
magnetizing force which cause the same in a virgin mag-
netic record member results in the characteristic curve 1
of Figure 1 and labeled magnetic (B,—H) transfer charac-
teristic of recerd medium  Usually, the B;,—H charac-
teristic of a record medium has insteps 4 and § of rapidly
increasing slope and knees 6 and 7 of rapidly decreasing
slope in the first and third quadrants respectively. The
rate of change of slope at the knees 6 and 7 is not as
great as the change at insteps 4 and 5. The insteps 4
and 5 and knees & and 7 of this transfer characteristic
for the magnetic record medium are creative of sharp
non-linear magnetic recording characteristics on the me-
dium.  Ft will be understood, of course, from the fore-
going, that this magnetic transfer characteristic is the
magnetic recording characteristic for recording on a vir-
gin record member (a virgin record member is one which
has never been magnetized or has had the signal erased
therefrom) and is terimed the transfer characteristic since
it represents the actual recording characteristic or trans-
ference of the signal to the record member. It will be
seen by observation of this curve that the .increase in
remnant flux density is extremely gradual for low values
of magnetization force H as indicated by the very shallow
sloped portion of the curve 1 between the:origin G and
the insteps 4 and 5 thereof. As the signal intensity or
magnetization force increases, however, to the region of
the insteps 4 and 5, the rate of increase in remmant flux
density rapidly increases in the manner of the curvature
of insteps 4 and 5 in the characteristic curve. Thereafter,
for a fairly susbtantial range, the relationship between
the remnant flux density and the magnetization force
continues to rise rapidly until the record member ap-
proaches saturation.  As the record member approaches
saturation, the rate of increase of the remnant flux density
decreases in the manner of the curvature of the knee
6 and 7 in the transfer characteristic curve. Further in-
crease in the signal intensity or magnetization force will
result in liftle increase in the remnant flux density since
the magnetic record member will have reached the satu-
ration Tange at these levels. v

Application of a signal to be recorded on a magnetic
record member having this type of transfer characteristic
will necessarily result in a non-linear recording of the
signal. For exiremely low intensity signals, there will be
very little recording of the same since the remnant flux
denisity will have remained at substantially low values.
For intermediate signal strengths, the recorded signal will
be quite non-linear since the low intensity porticns of the
signal will be practically unrecorded and as the signal
increases, the recording thereof will sharply increase. For
very high intensity signals, there will be even more non-
Iinearity since they will be flattened off at the top by
virtue of saturation of the record member.

If, however, as in accordance with the principles of
the present invention, the signal is distorted so that it
has a distortion characteristic as indicated by the curve
2 of Figure 1, then the effective recording will be linear
since there will be relative high amplification of low in-
tensity signals or of the low intensity portion of the
intelligence signals and a relatively low amplification of
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intermediate and higher intensity signals. That is; the low
intensity portions of the signals will effectively be greatly
amplified while the higher intensity portions thereof will
not be so amplified.

It is an important feature of the distortion charac-
teristic too, in accordance with the principles of the pres-
ent invention, that the same be provided with knees $

and 9, in the first and third quadrants, respectively, com- .

plementary to the insteps 4 and 5 of the transfer charac-
teristic of the record medium. By the provision of these
knees 8 and 9 on the distortion characteristic, the distor-
tion characteristic itself may be made entirely comple-
meniary with respect to the transfer characteristic so that
the ultimate recording characteristic is substantially linear
as indicated by the dashed linear curve 3. Stated another
way, by provision of the knees 8 and 9 in the distortion
" characteristic, the whole distortion characteristic curve 2
will have a relationship with respect to the magnetic trans-
fer characteristic of the magnetic record medium which
is substantially an inverse relationship. Thus, a plot of
the distortion characteristic 2 will have substantially high
gain linear portions 10 and. 11 in the first and third
quadrants, respectively, which correspond to the very low
recording portion between the insteps 4 and 5 of the rec-
ord member characteristic 1. The “high gain” linear por-
tion between the knees 8 and 9 of the distortion charac-
teristic operates to effect recording of low intensity- sig-
nals and the low intensity portions of higher intensity
signals. Thereafter, the distortion characteristic will effec-
tively “drop-off” in a curved knee such as the knees 8
and 9 complementary, inversely, with respect to the mag-
- netization transfer curve of the record medium so that
recordation of the signal is continued linearly. -Beyond
these knees $ and 19 the distortion characteristic con-
tinues to be complementary or inversely related to the
magnetic transfer characteristic of the record medium.
Systems embodying .the principles of the invention may
be provided with such a double curvature distortion
characteristic as will compensate for both the insteps and
the knees of curve L. Note insteps & and 9’ of curve 2.

Tt will, therefore, be readily understood that by the
provision of distortion of the intelligence signal. to be
recorded on ‘a non-linear magnetic record member in a
manner complementary or inversely related to the non-
linear characteristic of the record member, will be op-
erative to effect linear recordation of an intelligence sig-
nal through a maximum range of intensity variations for
the signal. The phrase “distorting the signal comple-
mentary to the non-linear characteristic of the magnetic
record medium” as used hereinafter in the claims will
be used to refer to the provision of a distortion charac-
teristic such as to produce a linear recording over a
substantial range of inputs.

A preferred embodiment of a system operative in
accordance with the principles and method of the present
invention is illusirated in block diagrammatic illustration
in Figure 2 and demonstrates that the present invention
may be embodied by passing an input signal through a
proper distortion circuit or network and thereafter to a
recording head for recording upon a magnetic record
medium. The distorter network will preferably have the
distortian characteristic 2, of Figure 1, while the magnetic
record member has the magnetic transfer characteristic 1
of Figure 1. In this preferred embodiment of the inven-
tion, the input signal is supplied to an amplifier or the like
15 for the purposes of amplification of the intelligence
signal with high fidelity and thereafter is passed to a
distortion network generally enclosed in the “black-box”
16 for distortion of the signal in accordance with the
principles of the present invention before the same is
passed to a recording head or the like 17 for recovding
the signal on the record member 18, in accordance with
the principles of the present invention. The amplifier 15
may include the nsual pre-equalizer for magnetic record-
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ing which ‘emphasizes high frequencies and sometimes
also low frequencies of signals to be recorded.

By providing the distorter network with a distortion
characteristic such as the characteristic 2 of Figure 1
the input intelligence signal supplied thereto, either di-
recily from such input means as may be desired for the
intelligence pickup or from an amplifier such-as the
amplifier 15, will be distorted in accordance with that
distortion characteristic before energization of the record-
ing head. Energization of the voice coil or the like in the
recording head with such a distorted signal wiil cause a
distorted intelligence signal io be applied to the magnetic
record medium 18 which is relatively moving with respect
to the head. The combined effect of the nou-linear dis-
torted signal and the non-linear magnetic transfer char-
acteristic of the recording medium 18 will be effective to
cause linear recording of the signal and-this result will
obtain for signals ranging in amplitude from zero intensity
to a maximum intensity extending into the saturation
range for magnetization of the magnetic record mem-
ber 18.

Another embodlment of the present invention mcorpo-
rating the features and advantages thereof is illustrated in
Figure '3 wherein the principal input intelligence signal
is fed into a preamplifier and pre-equalizer stage 20, or
the like, and thereafter successively to an amplifier 21 and
a recording head 22 for recording of the signal upon a
relatively moving magnetic record member 18. The signal
applied te the record member 18 by the recording head
22 is not in linear relation with the input signal applied
to the mixer stage. 29 or the like but is distorted in accord-
ance with the distortion characteristic 2 of Figure 1
thereby embodying the principles of the present intvention
for linearly recording the signai. A poriion of the output
of the amplifier 21 is taken off and fed to a distortion
network such as a distortion amplifier or the like 23 which
amounts to a feed-back system of distorting characteristics.
The output of the distortion network or amplifier 23 is
then fed back to the amplifier 21 where it is combined
with the input signal to effect distortion thereof in accord-
ance with the principles of the present invention so that
the ultimate signal, which energizes the voice coil or the
like of the recording head 22, is distorted having a
distortion characteristic such as the characteristic 2 of
Figure 1 complementary to the non-linear magnetic trans-
fer characteristic of the relatively moving record medivm
18. By distorting the signal in this manner substantially
linear recording of the input intelligence signal may be
effected over a maximum range of intensity and with high
fidelity as described above.

These two system embodying the . principles of the
present invention, as diagrammatically illustrated in block
schematic ‘illustration in Figures 2 and 3, are each pre-
ferred forms of systems operable in accordance with the
method and the principles of the present invention to
effect a substantially linear recording over the entire

range of signal amplitudes on a magnetic record mediuvm

having a non-linear transfer characteristic. - It will be
understood, of course, that numerous variations and other
systems may be constructed to embody the principles of
the present invention and perform the method of the
present invention but the above are illustrative of pre-
ferred forms therefore -and illustrate, in general, a pre-
ferred manner of embodying the pinciples of the present
invention.

Each of these systems is .open to numerous modifica-
tions and variations and whereas Figures 4, 5, 6, 7 and
8 are illustrative of feed-back distortion systems embocdy-
ing the principles of the present invention, Figures 9-14
are illustrative of forms of direct distortion systems. em-
bodying the principles of the present invention and oper-
able as the distortion network 16 of the system of Figure
2. Attention is first directed to-the feed-back systems of
Figures 4-8 and immediately to the system of Fig. 4.

In the system of Figure 4, which is a more detailed
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schematic of a system incorporating the principles of
fqed—back distortion as described above with regard. to
Figure 3, the input signal which is to be recorded linearly
and with high fidelity is fed to an input transformer 25
or theé like from any desired pickup means or from an
amplifier or the like as desired. The secondary 2Z5a of
the transformer 25 forms an integral part of the mixer
stage for this system and has an equalizer circuit or the
like 26 comprising a tuned capacitor 27 and inductor 28
connected in parallel. The tuned circuit 26 is preferably
substantially isclated from the secondary 23a by an
isclation resistor 28. The input signal is fed from a junc-
tion of egualizer 26 and isolation resistor 22 to the con-
trol grid 3@ of a mixer amplifier pentode 31. The screcn
32 is preferably connected to the B-plus supply and the
stuppressor 33 is preferably connected directly to the
cathode 34 and through a cathode biasing network in-
cluding a resistor 35 and parallel capacitor 36 to either
ground or the B-minus terminal of the power supply as
desired. A plate load resistor or the like 37a connects the
plate 37 te the B-plus supply.

The cutput from the amplifier stage, from the plate 37
of the pentode 3%, is coupled via a coupling and D.-C.
isolaticn capacitor 38 to the recording head 22 which is
any preferred form of electromagnetic transducer head
across which a magnetic record medium such as the
medium 138 relatively passes.

A distortion network corresponding to 23 (Fig. 3) is
coupled at its input to the cutput from the plate circuit
37 of the peatode amplifier 31. At its output it feeds
into a point between the equalizer 26 and the transformer
secondary Z5«. This distortion feed-back system in-
cludes a transformer device, indicated generally at 49,
having a primary 4% conuected at one end through a con-
trol potentiometer or the like 42 to the input side of the
_recording head 22 and at its other end to the B minus
terminal. The secondary 43 of this transformer device
40 is coupled at one end thereof to the B-minus supply
or ground as dssired commensurate with the chosen
circuitry or the power supply, and at the other end there-
of directly to the grid circuit of tube 31,

The core for the transformer 49 is indicated generally
by the numeral 44 and is so selected that its properties
will provide the proper distortion coupling between the
primary 4% and secondary 43 so that the signal fed back
will operate to distort the input signal for linearly re-
cording in accordance with the principles of the present
invention as described above in connection with Figures
1, 2 and 3 in additien to.the general discussion of the
principles of the present invention hereinabove set forth.
This cors 44 is preferably a ring type core such as a
doughmut type core often found in curfent transformers
or potential transformers or the like but may have an;
of the desired configuration and is preferably formed of a
material selected for the described characteristics. One
preferred core material is a material having magnetic
characteristics comparable to the magnetic characteristics
of the record member. For example a piece of recording
tape 18 may be womnd intc a ring core or a core can be
molded from the powdered material used for tape coating.

Although this core member may be statiopary and
will effect proper distortion when formed of a material
propetly. selected, a preferred form for the core 44 is to
construct it from the same material as the material for
the magnetic record member 18 and to rotate the same,
for example, in a direction so that any signal which may
be impressed thereon by the primary 41 will be sub-
jected to an erass signal by a third ceil 45 wound about
the transformer core 44 so that the core material pass-
ing under the primary 41 has virgin characteristics.

Such a system as this could also be effected by thread-
ing the magnetic recording tape 18 through the frans-
former coils 41 and 43 and erasing whatever signal may
be impressed thereon .prior o passage of the magnetic
record member 18 over the recording head 22.
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It will be readily uaderstood from an cbservation of
this system  that the system is operable in accordance
with the principles of the present invention to distort the
intelligence signal to be recorded complementary with
respect to the non-linear magnetic transfer characteristic
of the magnetic récord medium upon which the signal
will be recorded. That is, the signal is distorted in a
manner relatively inversely wiih respect to the non-linear
magnetic characteristic of the magnetic record medium.

Another system embedying the principles of the present
inventicn to accomplish distortion through the feed-
back method hereinabove described in conjunctica with
Figure 3, is illustrated in Figure 5 wherein the pentode
31 amplifier mixer derives its input in any desired manner
and has its input impressed upon the control grid 38.
The output from the plate 37 of the amplifier pentode 31
is again coupled tc the recording head 22 through a
coupling and D.-C. isclation capacitor 38. The plate
circuit 37 is loaded by a resistive element or the like 46
connected to the B-plus supply terminal. The screen 32
of the pentode 31 is also connected to the B-plus supply
terminal and the suppressor grid 33 is connected directly
to the cathode 34. The control grid 30 is held at B minus
potential by a grid resistor or the like 47; and a cathode
resistor 48, which is used for bias, may be connected to
oround or to the B-terminal. The recording head 22
is also conmnected to the B-minus supply.

Back-to-back non-linear elements such as selected di-
odes or copper oxide rectifiers or other type back-to-back
rectifier elements having non-linear characteristics selected
in accordance with the principles of the present invention
so that at low signal strengths they have high resistances
and at high signal strengths or high currents they have
low: resistances, are coupled to the input side cf the re-
cording head 22. From the opposite side of the junction
of these two back-to-back connected non-linear elements,
they are connected to the cathode 34 and suppressor 33
through a potenticmeter or the like 48¢ and a coupling
capacitor or the like 480,

Recording with this embediment of the present inven-
tion also provides feed-back distoriion for linear record-
ing of an intelligence signal upon a record member such
as a member 18 having a non-linear magnetic transfer
characteristic as described in conjunction with Figure
1 since the nonlinear elements indicated generally by the
numeral 59 showing their back-to-back connection and
identified individually by the numerals 51 and 52 are
selected for non-linear characteristics providing the proper
distortion characteristic to the signal to be recorded.

The system of Figure 6 which also embodies the dis-
tortion principles of the present invention is not shown
in as great detai] with regard to the whole system as was
the system of Figure 4 but shows in greater detail a
magnetic recording head modified in accordance with
the principles of the present invention. In this embodi-
ment of the invention, the inagnetic recording head, an
electromagnetic transducer element, indicated generally
at 53, includes a core element 54 which is preferably a
ring-type core element but which may be any other
desired type thereof, with a gap 55 therein. This system
employs two loops or shim elements 56 and 57 which
are inductively coupled with the flux in the core element
54 as the same is energized by a volce coil or the like
58 wound thereon as shown or as desired in accordance
with the principles known to the magnetic recording art,
and provided with an input as at 59.

The locp or shim 56 has one leg thereof, 60 posi-
tioned within the gap 55 in clese proximity to the upper
edge thereof which is the edge over which the magnetic
record member will ride. The cther leg 61 of the loop
or shim 56 is disposed somewhere within the gap 35 out
of proximity with the recording face of the gap and
core member. The other loop §7 has each of its legs
62 and 63 threaded through the core member 54 as
through holes or the like 64 and 65 running transversely
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through the core member 54 so that the legs 62 and 63
are substantially parallel to the legs 60 and 61 of the
loop or shim 56 and substantially parallel with each
other. By this arrangement of each of the loops or
shims 56 and 57, when the recording head is energized
.by a signal input as at 59 to the voice coil 58, the loop
56 threads very little flux, resulting in a very low po-
tential across its ends. Similarly, the loop 57 is ad-
justed to thread on equally small flux so that a similarly
low potential is induced thereacross.. To provide a null
output from the two coils under no recording conditions
they are connected in opposition with the leg 61 con-
nected directly to the leg 63 and the legs 60 and 62
providing the output leads from this feed-back distor-
tion system feeding back through a transformer 66 of a
“high turns ratio.

When recording tape of other type record member is
not preésent on the recording head 53 there will be no
output from the feed-back transformer 8. When a tape
is provided about the gap 55 for recording thereon, the
intensity of the potential induced in the leg 68 will be
increased non-linearly in accordance with the non-linear
magnetic ‘characteristic. of the record member. thereby
providing an output signal to the feed-back transformer
66 corresponding to the non-linear characteristics of the
magnetic record member. This signal may then be fed
back in accordance with the above described principles
for distorting the input signal to the recording head 53
and permitting linear recording in accordance with the
principles of the present invention.

The system illustrated in Figure 7 is a very similarly
operating system since the record member 18 is directly
coupled to feed-back elements providing a non-linear
feed-back complementary to the non-linear character-
istics of the magnetic record member 18. In this system,
a pair of erase heads 70 and 71 provided with an erase
-signal as illustrated, are disposed at opposite ends of
the feed-back network indicated generally at 72. The
feed-back network 72 is provided with a relatively short
voice coil or the like 73 to be energized by the signal
to be recorded which is the same signal provided to the
voice coil 74 of a recording head 75 which is the last
stage shown in the system of Figure 7.

A pair of oppositely connected feed-back coils 76 and
77 are equally inductively coupled to the coil 73 and,
as stated and illustrated, connected in opposition to pro-
vide a null feed-back when the magnetic record mem-
ber such as a wire or tape or the like I8 is not in cir-
cuit. Under such conditions, these coils 76 and 77 will
be equally affected by the voice coil 73, which prefer-
ably has a length substantially less than one wavelength
of the recording signal, and are connected in opposi-
tion. Under regular recording conditions, however, the

‘magnetic record member 18:is threaded through cne of

these feed-back coils, such as the feed-back coil 77, there-
by changing the magentic characteristics thereof and the
potentials induced -therein-in accordance with the mag-
netic characteristics of the tape or wire magnetic record
medium 18. This change in the magnetic characteristics
of the coil 77 is non-linear in a manner controlled by
the non-linear characteristics of the magnetic record me-
dium and thereby has a potential which differs from the
potential induced into the feed-back coil 76 in the con-
trolled non-linear manner thus providing a non-linear
feed-back signal to the feed-back system through beads
T7A. ‘Thereafter, the feed-back signal will be utilized
to distort the intelligence signal to be recorded in a man-
ner such as through the distortion characteristic 2 of
Figure 1 so that the signal will be recorded linearly on
the magnetic record member having non-linear magnetic
transfer characteristics.

“The system of Figure 8 embodying the principles of
the present invention for effecting linear magnetic re-
icording via the feed-back method embodying the prin-
ciples of the present invention is somewhat as similar in
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its principles to the system of Figures 6 and 7 im that
it -derives -its non-linear characteristic directly from the
tape member 18 itself. In this embodiment, a record-
ing head 8% and a monitoring head or the like 81 are
positioned so that their gaps 82 and 83 respectively, are
spaced apart-but a small fraction of a wavelength, and
the heads 88 and 81 are preferably magnetically. de-
coupled as by brass or copper shims or the like 84. The
voice coil &5 of the recording head 89 derives its input
from a mixer amplifier network 86 which has one input
from the intelligence signal pickup system as at 87 and
another input from the distortion feed-back system via
line -88. The monitoring head 81 is provided with a
pickup coil 89 serially connected with an adjustable buck-
ing coil 88 oriented-and adjusted for maximum de-cou-
pling between the pickup head 81 and the recording head
80. These serially connected coils 89 and 90 feed into
an amplifier or the like for regulating the negative feed-
back and indicated generally at' 21. The output of the
amplifier is preferably fed to an equalizer or the like 92
and its output is fed, via the line 88, to the mixer am-
plifier stage 86.

For maximum . cancellation, the winding 90 may be
wound on a structure reassembling head 81 and placed
next to-head 81 but without coupling to tape 18.

It will be noted in connection with this system that
the de-coupling shims or the like 84 may be eliminated
by proper selection and orientation and adjustment of
the bucking coil 90 so that there is no coupling between
the heads 8¢ and 81 except through the record member
18. ’

This embodiment of the present invention as described
above and illustrated in Figure 8 operates in much the
same manner as the systems of Figures 6 and 7 since
the non-linearity of the magnetic characteristic of the
magnetic record medium 18 is effective to generate a
non-linear potential on the ccil 89 feeding the same to
the amplifier 91 and equalizer 92 which control the dis-
tortion feed to the feed-back amplifier 86 whereby the
intelligence signal to be recorded is provided with a
distortion, characteristic such as the distortion character—
istic 2 of the graphic illustration of Figure 1.

Head 81 may be regarded as a sensing element regu-
lating the recording amplifier gain in such a manner that
the recorded flux on the tape must be proportional to
the input at 87 regardless of the non-linearities: in the
links in the chain between 83 and 87. :

Other systems embodying the principles of the present
invention and including feed-back methods of effecting
non-linear distortion of the signal to be recorded will
be apparent from the several systems hereinabove
described but, as stated, these systems are systems em-
bodying the principles of this invention. Other systems
embodying the principles of the present invention and
in accordence with -the direct “attenuation” distortion
method described in conjunction with the illustration of
Figure 2 are shown in Figures 9-14,

“In the system of Figure 9, the input intelligence signal
is provided from’ a substantially constant current ampli-
fier such as an amplifier having an output stage which
is a pentode or the like as the amplifier described generally
above in Figure 2 and identified by the numeral 15. This
signal is fed to a non-linear distortion network indicated
generally at 101 and to a rgcording head 17 which is rela-
tively moving with respect to a magnetic record member
18 having non-linear magnetic transfer characteristics as
described. - Both the ragnetic recording head 17 and the
distortion network 101 are isolated from the input system
by isolaticn resistors 102 and 183 or the like so as to
prevent undue loading of the input systemm. The non-
linear recording network 101 principally comprises, in
this embodiment of the invention, a saturable type reactor
having a three-legged core 104, two of the coils of which
are D.-C. saturating control coils identified by the
numerals 105 and 106 conmected serially in opposition
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to effect saturation of the center leg carrying the distor-
tion coil 187. The control coils are energized through
a rectifier system 148 deriving its actuation energy
through the isclation resistor 103 from the input line.

The distortion coil 187 is wound on the center saturable
leg of the coil 184 and is connected directly across the
recording head 17 after the isolation resistor 182 and in
parallel Telation with a matching resistive element 189.

In the operaticn of this system, low intensity signals
or the low intensity portion of all signals affects the
biasing system 168 to provide the core 184 with very
low flux density thereby leaving the coil 197 with a very
high inductive reactance value. This will permit a
maximum passage of signal to the recording head 117
and thereby to the record member 18. On the other
hand, high intensity signals create a high bias in the
biasing system 108 effecting saturation of the center leg
of the core 104 through high energization of the coils
165 and 186 thereby affecting the center leg distortion
coil 187 to give the same a very low valve for inductive
reactance and permiiting a passage of high current there-
through thus reducing the energy available to the record-
ing head 17 and thus effecting a reduction in the rate of
increase of signal recording. - By proper adjustment of
the biasing network 168 and by proper selection of the
material for the core 184 and the coils 165, 20§ and
187 this system can be and is provided with a distortion
characteristic such as the distortion characteristic 2 of the
graphic illustration of Figure 1. With such a distortion
~characteristic, the system is permitted linear recording
in accordance within the principles of the present inven-
tion over the entire possible range of magnetic record-
ing from minimum or zero intensity signals up to maxi-
mum intensity signals.

Cther systems employing the principles of the present
invention and particularly employing the direct “attenua-
tion” distortion method of Figure 2 include the systems
of Figures 10 and 11 wherein inductive elements are
provided with characteristics appropriate to provide the
distortion characteristic desired to the signal to be record-
ed. In the system of Figure 10, the recording head 17 is
connected across an inductive element 119 having a core
111 of selscted magnetic properties and isolated from
the input by an isolation resistor or the like 112 pre-

venting undue loading on the input system. The mate- 4

rial for the core 111 of the inductive element 110 i3
selected so that normal operation is in the region of
the knee of the saturation curve therefor so that low
intensity - signals will be substantially unattenuated by
the system and provided to the recording head 17 with
maximum intensity while high intensity signals will oper-
ate to saturate the core 117 and be meximumly attenuated
by the passage of high by-pass currents through the
inductive element 118, In this manner, and by a careful

selection of the materials and other parameters of the ¢

system, it will cperate to provide the linear recording
desired in accordance with the principles of the present
invention,

The system of Figure 11 is very similar except that
the inductive element £13 is provided with a core 114
and ‘is in series with the parallel connected recording
head 17 and loading resistor element 115. In this em-
bodiment of the present invention, however, the core
material Is selected for relatively low permeability so that
low intensity signals will pass through the inductive ele-
raent or coil 113 much as though it was an air core
coil and high intensity signals will be partially blecked
inductively thereby. Again, proper selection of the
parameters of the several elements in this system will
provide it with a distortion characteristic in accordance
‘with ‘the principles of the present invention for linear
recording on a record medium ‘having non-linear mag-
netic transfer characteristics.

The systems of Figures 12 and 13 similarly embody
the principles of the present invention and are operable
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to provide linear recording on a record member having
non-linear magnetic transfer characteristics. In the sys-
tem of Figure 12, a distortion network 116 and the
recording head 17 are isolated by an isolation element
such as resistor 117 to prevent loading on the input sys-
tem. Here, the distortion network 116 is connected in
parallel across the electromagnetic transducer element 17
and includes a pair of parallel connected non-linear ele-
ments such as diodes or copper oxide rectifier elements
or the like 118 and 119 selected to have non-linear char-
acteristics which will provide the proper distortion char-
acteristic such as the distortion characteristic 2 indicated
graphically in Figure 1. These non-linear elements are
connected together back-to-back and to an additional
matching element 120 which may be a resistor or an in-
ductor as found most desirable for matching the non-linear
clements 118 and 119 to the electromagnetic transducer
clement 17 and to the input system. In the system of
Figure 12, the matching element is illustrated as a re-
sistor whereas in the system of Figure 13 which is other-
wise identical to the system of Figure 12, the matching
element is illustrated as an inductor to assist in matching
the distortion elements 118 and 11% with the inductive
character of the recording head 17. The non-linear ele-
ments 118 and 119 will operate very similarly if not sub-
stantially identical to the non-linear elements 51 and 52
of the network 5¢ in the feed-back system of Figure 5
except that they are positioned to operate as distortion
“attenuator” elements herein.

In the system illustrated in Figure 14, the electromag-
netic transducer element or recording head 17 having a
record member 18 relatively moving thereacross is con-
nected across the output of a bridge network identified
zenerally by the numeral 121. Two series connected legs
of this bridge network ¥21, and particularly legs 122 and
123 carry resistive matched elements while the other two
legs carry individually different inductive elements 124
and 125. In this system, the inductive element 124 has
been illustrated as an iron core inductance element and
the inductor 125 has been illustrated as an air core in-
ductance element. These inductors, in accordance with
the principles ¢f the present invention, may be selected
and adjusted so that at low intensity signals the maximum
signal strength will be provided to the recording head and
at high intensity input signal strength the signal provided
to the head will be reduced in accordance with a selected
portion of the distortion characteristic 2 of the graphic
illusiration of Figure 1 as desired in accordance -with
the principles of the present invention. - The bridge here
is preferably balanced near the upper recording limit
to give an unbalance at low recording currents and there-
fore a maximum output to the head. At high recording
current limits the bridge will become substantially. bal-
anced and low recording signals will be provided to the
recording head in accordance with the principles of the
present invention. Such a bridge also gives excellent re-
sults as the distortion element in a non-linear feed back
system.

From the foregoing, it will be readily observed that I
have provided a new and improved method and system
for linearly recording an intelligence signal ¢n a magnetic
record member having non-linear magnetic transfer char-
acteristics. In accordance with the principles of the present
invention, the method and system embodying the same is
operable to linearly record from zero signal intensity to
maximum signal intensity well within the saturation
range of the record member.

While I have shown certain preferred embodiments
of my invention, it will, of course, be understood that I
do not wish to be limited thereto since many medifications
may be made, and I, therefore, contemplate by the ap-
pended claim to cover all such modifications as fall within
the true spirit and scope of my invention.
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I claim as my invention:

Magnetic recording apparatus comprising means for-
receiving -an input signal to be recorded, means for pro-
ducing a magnetic signal flux for recording on a record
medium, means for sensing the recorded flux on the record §
medium, amplifier means connected to said receiving
means and to said sensing means for controlling said
flux producing means in accordance with the summation
of the signal from said input means and the oufput from
said sensing means to tend to produce a linear record- 10
ing on the record medium. '
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