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I, ErRNST VOELK, a German citizen, of
Dammstrasse 5, Niirnberg, Germany, trading
as JoHANN DisTLER KG, a German company
of Dammstrasse 5—-11, Niirnberg, Germany,
do hereby declare the invention, for which I
pray that a patent may be granted to me, and
the method by which it is to be performed, to
be particularly described in and by the follow-
ing statement: —

This invention relates to a magnetic record-
ing and reproducing method, and to an
apparatus for carrying out such method.

Heretofore recording on a magnetogram
carrier has been effected in such a way that a
voice-impressed carrier is demagnetised by
means of an erasing head by the use of an
alternating potential, whilst upon continual
feed movement of the carrier (tape) a renewed
magnetisation thereof, conforming to the re-
cording operation, is carried out by means of a
recording head, which possesses a width of
gap dependent on the rate of movement of
the tape and the maximum frequency to be
recorded. The recording takes place in such
a way that, in for example the so-called “ high
frequency biassing process,” a high frequency
super-imposed over the recording operation
brings about a shifting of the working point
on the magnetisation curve of the tape approxi-
mately midway of the straight portion of the
curve, so that the recording operation is re-
tajned on the tape in the form of a magnetisa-
tion. In the intervals between speech the tape
leaves the head in a demagnetised condition.
The “molecular magnets” of the magnetic
particles, by which are meant in the following
the magnetic dipoles of the atoms or molecules,
composed according to present-day conception
of so-called Weiss ranges or molecular ranges,
are in this connection always disposed in the
direction of the lines of force proceeding from
the gap. The intensity of the magnetisation is
determined by the proportion of the mag-
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netically directed molecular magnets in rela-
tion to the undirected magnets, which in con-
sequence of their disordered disposal are not
magnetically effective towards the outside. The
position, however, is always such that the
effective magnets are located in the same
direction independently of the amplitude of
the recording to be made, and the number of
magnets so directed varies in accordance with
the intensity of the data being recorded.

The density of the magnetic field of the
magnetogram carrier effective towards the out-
side is accordingly determined, in the known
high frequency recording methods, by the de-
gree of homogeneity of the position of the
molecular magnets, This disadvantage atten-
dant on the existing method consists in the
fact that, in order to avoid distortions, mag-
netisation may be effected only in the range
of the straight portion of the hysteresis loop.

It is furthermore known to shift the working
point on the magnetisation curve into a favour-
able position by raising the intensity of the re-
cording field by the corresponding superim-
posing of a direct field. Even in this case the
recording is such that ordered and disordered
magnets exist on the carrier.

It has also been proposed first to bias the
record carrier in a certain direction and there-
upon to carry out the sound magnetisation in
a subsequent operation vertically thereto. This
method, however, does not lead to any useful
result in practice, as upon the sound recording
considerable distortions are liable to occur in
consequence of the coercive force of the mag-
netic material of the record carrier saturated
by the preliminary magnetisation.

Quite recently it has also been proposed to
effect recording by the fact that the field of
permanent magnet is located in the position
of rest in the middle of the tape, and the
boundary line is displaced in the direction of
the width in rhythmic fashion with the matter
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1o be recorded, so that a recording is obtained
on the lines of the known variable-area re-
cording process employed in conjunction with
sound films. In this connection the molecular
magnets are either undirected or they are
located (practically completely) in one direc-
tion, viz., that of the effective fields.

The known methods are accompanied by
considerable disadvantages.

In the first place there occurs therein a back-
ground noise, as the effects towards the outside
of the molecular magnet particles, which are
not in orderly disposal, can never be entirely
eliminated in practice, so that in this way in-
terference upon reproduction is unavoidable.
Interfering noises of a very unpleasant kind
also occur in consequence of the fact that for
known reasons, due to the “ turning about ” of
the molecular magnets upon the preliminary
magnetisation, noises are produced which are
included in the recording. An appreciable dis-
advantage of the known methods resides in the
fact that if, as is usually the case, high fre-
quency pre-magnetisation is employed, “ dif-
ferential frequencies * result, which cause con-
siderable interference in the reproduction. The
harmonics of the basic frequency being re-
corded (modulating frequency) create in con-
junction with the biassing high frequency vari-
able effects (“ differential frequencies ”°), which
are usually located in the recording range of
the apparatus and upon the reproduction lead
to distortions. Finally, it is a difficult matter
to provide the high frequency necessary for
the premagnetisation.

It is the main object of the present invention
to avoid the disadvantages aforesaid.

The invention relates to a magnetic record-

" ing method in which a direct biassing field and

a low frequency signal field are effective in
the gap of the magnet head, and it is charac-
terised in that upon a recording operation
these two fields act simultaneously, i.e., are
superimposed, on the magnetogram carrier,
and the signal field, which is variable in ampli-
tude and frequency or is constant in respect
of both or one of these factors, acts at an angle
in relation to the direct field, which in the
majority of cases is preferably applied sub-
stantially vertically to the direction of move-
ment of the carrier, Magnetisation of the
record carrier accordingly takes place in such
a way that the signal frequency is represented
by the frequency of rotation of the magnetic
vector about the zero line provided by the
direction of the direct field, and the amplitude
of the signal is represented by the angle of
rotation of the magnetisation in relation to
the zero direction of the direct field. In this
connection the arrangement is such that—if
for certain reasons other conditions are not
required—the direct field is so disposed in its
direction the magnetisation of the magneto-
gram carrier is brought about in such a way
that the external magnetic field thereby pro-

duced does not have any effect in the repro-
ducing apparatus, and in particular, therefore,
does not result in the generation of any poten-
tials, which is as well known dependent on the
direction thereof. The vector of the magnetic
field being recorded is then preferably vertical
to the direction of the direct magnetic field,
and it is located in the plane which brings
about maximum effect, and in particular
potentials, upon movement of the magneto-
gram carrier past the reproducing apparatus.
Expressed schematically, the result of such a
recording process is such that the tape—
assuming, as before, the example of a record
carrier in tape-like form and the recording
of acoustical effects—has no external magnetic
field effect of any kind at the points where it
has not been speech-modulated when it moves
past the reproducing apparatus, for the reason
that at those points the molecular magnets, al-
though disposed in perfectly unitary fashion,
have a direction which is such that the ex-
ternal magnetic field generated thereby is so
directed that it has no effect in the reproduc-
ing apparatus, and in particular does not in~
duce potentials in reproducing heads of the
known kind. However, immediately signals of
any nature are recorded, there will always be
effective simultaneously with the direct field,
i.e., superimposed thereto, a magnetic vector,
which is controlled by the signal being re-
corded, and which is so directed that prefer-
ably it has maximum effect in the reproducing
apparatus. This “signal vector” is superim-
posed over the vector of the direct magnetic
field, and it is accordingly the resultant of
both vectors which is effective, viz., always
limited by the magnetic saturation of the
material, since for reasons of an obvious nature
(the prevention of distortions) operations, so
far as special circumstances do not prevail,
are carried out as regards the magnetogram
carrier within the range of its magnetic satura-
tion, whilst for the purpose of avoiding as far
as possible undistorted conversion into mag-
netic values of the matter being recorded
operations in the case of the superimposed
alternating field controlled by the signal being
recorded will be effected within the range of
the straight portion of its magnetisation curve.
Whereas, therefore, the fact of a “ turning ”
(even if only a minute one) of the molecular
magnets in relation to the direction of the
direct magnetic field depends on the rhythm
of the data being recorded, the intensity there-
of, ie., the amplitude of the magnetic data
(signal) being recorded and converted into
magnetic values is retained as “ zero line ” by
the magnetogram carrier by reason of the dif-
fering maximum angle as compared with the
direction of the direct field. Fundamentally,
however, at each moment of the recording
operation all molecular magnets will be
“turned ” in the direction of the effective vec-
tor of both fields, so that accordingly there will
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be no “undirected ” magnets on the carrier
and interfering noises will be avoided. By suit-
able selection of the intensity of the direct-
magnetic field it may be accomplished that a
special preliminary erasing of data already re-
corded on the magnetogram carrier is not re-
quired.

Since in the new method, therefore, opera-
tions are practically always carried out within
the range of saturation of the carrier, a pre-
magnetisation for the purpose of bringing
about a favourable working point on the mag-
netisation curve of the carrier may be dis-
pensed with.

It will be obvious in itself that the stated
turning of the molecular magnets about the
zero line provided by the direct field will take
place in each case in one or the other direc-
tion of rotation according to the polarity of the
data being recorded. The position is always
such that all molecular magnets are turned to
the components of both fields, but that the ex-
tent of turning in relation to the zero line de-
pends on the intensity of the signal being re-
corded.

It may be added that carriers magnetized by
the method according to the invention may be
reproduced on known reproducing apparatus
without any kind of modification.

An essential feature in accordance with the
invention resides in action of the direct mag-
netic field, the vector of which is located in
the “zero position,” simultaneously with the
alternating magnetic field controlled by the
signal being recorded and intersecting the
direct field, as it is only in the event of simul-
taneous action (superimposing) of both mag-
netic values that a recording is successful
also in the case of comparatively weak “sig-
nal fields ” and that an undistorted recording
is possible, even of the highest frequencies.

The method according to the invention is
suitable for all “signals ” and it is not limi-
ted to the recording (and reproduction) of
accoustical effects or of frequencies within
the audible range.

The invention will now be described more
fully with reference to the accompanying
drawings, in which

Fig. 1 illustrates diagrammatically the re-
cording operation in conjunction with a
speech-modulated magnetic tape.

Figs. 2—4 illustrate an embodiment of an
apparatus for carrying out the method accord-
ing to the invention, being perspective, plan
and front elevational views respectively.

Figs. 5 and 6 are perspective views of a
further embodiment.

Fig. 1 shows diagrammatically the direction
of the magnetic vectors of a magnetic tape
speech-modulated with a sinus frequency in
accordance with the invention. At the zero
passage points of the sinus curve there is
located the magnetic vector in the direction of
the reproducing gap, i.e. generally speaking in

the transverse direction of the tape in the zero
position, that is to say, the polarity of the
magnetic field is so disposed that it does not
induce any potential upon movement past the
reproducing head. At the potential peak of the
sinus curve the magnetic vector is turned to-
wards the right or the left accordingly, these
points of the tape disclosing the maximum
extent of rotation of the magnetic vector,
which moves gradually from the zero direction
into the extreme angular position and then
returns to the zero direction, to move finally
in the opposite direction, in unison with the
frequency being recorded.

For the purpose of carrying out operations
without distortion the direct magnetic field is
made to intersect the alternating field at right
angles. The intensity of the direct magnetic
field, in order to effect a complete erasing,
must be adapted to the saturation value and
the other magnetic properties of the magnetic
material of the magnetogram carrier. Maxi-
mum efficiency is obtained if the direct mag-
netic field vector is not greater than is neces-
sary for the purpose of achieving a saturation
of the magnetogram carrier.

There is then obtained by the superimpos-
ing of the signal field in accordance with the
invention a maximum relative rotation of the
resulting magnetic vector.

Referring to Figs. 2—6, the arrangements
therein shown are based substantially on the
fact that the two magnetic circuits, viz., the
circuit which, by reason of its direct field,
moves the molecular magnets into the so-called
zero position, and the alternating magnetic
circuit carrying the recording signal, which
circuit is superposed over the direct field and
accordingly by the vectoral addition of both
fields moves the direct field into the direction
of magnetisation corresponding to the signal,
possess in common a portion of a magnetic
conductor in the form of a common pole,
whereby it is ensured by suitable embodiment
of the recording means that the direct mag-
netic field is not again made effective by
reason of leakage zones after the zone in which
the superimposing of the alternating field and
the direct field is effective has been traversed
by the magnetogram carrier,

The direct magnetic field may also be pro-
duced by a permanent magnet, in which con-
nection particular attention should be paid to
the leakage zones thereof. After the direct
magnetic field has been eliminated, for ex-
ample by a rocking away and short-circuiting
of the permanent magnet, the recording de-
vice may also be employed for the purpose of
reproduction.

One embodiment of apparatus is shown in
Figs. 2—4, Fig. 2 being a perspective view
and Figs. 3 and 4 plan and front views respec-
tively. There is shown at 5 an electromagnet
haying the D.C. winding 7. This magnet com-
prises at right angles a toroidal magnet 3,

70

75

30

85

90

95

100

105

110

115

120

125

130



10

15

20

25

30

35

40

45

50

55

60

65

4 830,736

which at 8 possesses a portion in common with
the D.C. magnet 5. The data to be recorded is
induced in the toroidal magnet 3 by the wind-
ing 4. The usual gap of the toroidal magnet
3 is shown at 2, whilst 6 is an edge common to
both magnetic circuits. The tape is moved for-
ward in front of the gap 2, in such a way
that there is first effective the direct magnetic
field of the magnet 5, the intensity of which
is so great that a previous magnetisation of
the record carrier is reliably erased and the
molecular magnets are accordingly saturated
and directed in the longitudinal direction of
the gap 2, i.e., have a polarity imparted there-
to such as is indicated by arrows at the points
designated “ O on the tape 1 shown dia-
grammatically in the lower part of Fig. 1.
Upon further movement of the tape, which
in Fig. 3 is conducted past the gap 2 from the
right to the left, the tape now enters the zone
in which the magnetic fields of 5 and 3 are
superimposed, being staggered by 90° in rela-
tion to one another. Dependent on the in-
tensity of the vector (controlled by the matter
being recorded) of the magnetic field pro-
duced by the magnet 3 in the gap 2 and con-
centrated at the edge 6 there is produced by
a superimposing of the magnetic fields of 3
and 5 in the leakage zone at the edge 6 a
resulting magnetic field, the magnetic vector
of which by reason of its rotation in relation
to the direction of the magnetic field produced
by 5 represents the intensity of the operation
being recorded, whilst the periodicity of this
magnetic field corresponds to the frequency
of the data. Greater or smaller amplitude of
the data being recorded accordingly corres-
ponds to an equally greater or smaller rota-
tion of the “molecular magnets * out of their
zero position, i.e., out of the position in which,
in the subsequent reproducing operation, an
induction is not brought about by the outer
magnetic field radiated by the magnetic record
carrier. The change in direction corresponds
to the passage through zero on the part of
the frequency being recorded. In this connec-
tion -operations-are always carried out funda-
mentally within the magnetic saturation zone

- of the magnetogram carrier.

In Figs. 3 and 4 the apparatus just de-
scribed is again shown in two views shifted
by 90° in relation to one another. The same
reference numerals have been employed as in
Fig. 2.

The current lead in respect of the frequency
coils controlling the magnetic field of the
magnet 3 is shown at 4. At 9 there is provided

_a gap, which in known manner attenuates

the remnant magnetism of the highly perme-
able magnetic circuit 3. If the record carrier,
for example a tape, is moved upon the record-
ing operation in the -direction of the arrow
past the edge 6, the same receives at this
point the magnetic properties corresponding
to the matter to be recorded in the manner

described above.

Upon reproduction the tape moves in the
same direction. In this connection the direct
magnetic field must be eliminated in the man-~
ner known per se, or at least rendered in-
effective In its entensity, to such an extent
that it has no magnetic effect on the tape.

A further embodiment of apparatus in
accordance with the invention is shown dia~
grammatically in Figs. 5 and 6.

The core of the direct magnetic field is
again shown at 5, 3 being the core of the
alternating magnetic field controlled by the
signal to be recorded.

Both cores have at 6 their common edge,
which forms one pole of the speech gap 2,
past which there moves the record carrier.
The D.C. leads are shown at 7, whilst the
leads in respect of the signal to be recorded
are indicated at 4.

Fig. 6 is a fragmentary view showing the
speech gap 2 with the common edge 6 in
respect of the two right-angularly disposed
circuits 5 (direct field) and 3 (alternating
field).

The direct electrical field may naturally
also in this case be replaced by the field of
permanent magnet. Upon the recording
operation the tape must move towards the gap
from the direction of the direct field.

So far as reference has been made in the
above to a “gap ” or “speech gap,” this does
not of necessity imply an air gap, but refers
to a point at which there is a break in perme-
ability. ’

The apparatus according to the invention
may also be employed for the reproduction of
record carriers magnetised by the method re-
ferred io. In this connection the direct mag-
netic field must naturally be made ineffective
by a rocking aside of the permanent magnet
or by disconnection of the direct current, with
simultaneous elimination of the remnant mag-
netism in the manner known per se, for ex-
ample by the connection of a condenser in
parallel with the head inductance 7, whereby
a fading oscillation is achieved.

From the foregoing it will be appreciated
that the invention is not limited by the em-
bodiments described and that the method of
magnetic recording and apparatus therefor
according to the invention may be employed
for recording and reproducing frequencies on
the acoustical range. Moreover in employing
the present inventicn it is possible to record
and reproduce all periodic occurrences for
example control signals.

WHAT WE CLAIM IS:—

1. A magnetic recording method, in which a
direct biassing field and an alternating mag-
netic field intersecting therewith and controlled
in its entemsity and frequency by the signal
being recorded are effective, characterised in
that upon a recording operation the two mag-
netic fields are superimposed, so that mag-
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netisation of the record carrier takes place in
such a way that the frequency of the signal,
which signal is variable in amplitude and fre-
quency or is constant in respect of one or both
of these factors, is represented by the fre-
quency of rotation of the magnetic vector
about the zero line provided by the direction
of the direct magnetic field, and the amplitude
of the signal is represented by the angle of
rotation of the magnetisation in relation to
the zero line,

2. A method according to Claim 1, charac-
terised in that the intensity of the direct bias-
sing field is so great that a previous erasing of
data previously recorded on the magnetogram
carrier is not required.

3. An apparatus for carrying out the method
according to Claim 1 or Claim 2, characterised
by means arranged to form a direct biassing
magnetic field and an alternating magnetic
field intersection therewith and controlled by a
signal to be recorded, said fields being
arranged to extend in common over a predeter-
mined distance to form a section representing
one pole shoe in respect of the speech gap.

4. An apparatus according to Claim 3,
characterised in that the two magnetic fields
in the part in which they extend in common
are disposed at right angles to one another.

5. An apparatus according to Claim 3 or
Claim 4, characterised in that the direct bias-

sing magnetic field is produced by a perma-
nent magnet,

6. An apparatus for the reproduction of
matter recorded by the method according to
Claim 1 or Claim 2, characterised by a perm-
anent magnet arranged to form the direct
magnetic field and a D.C. electromagnet to
form the alternating magnetic field, the
arrangement being such that the direct biassing
magnetic field is eliminated by a rocking aside
of the permanent magnet or by disconnection
of the current fed to the D.C. electromagnet
and elimination of the remnant magnetism by
oscillation fade out by means of a parallel-
connected condenser, whereupon the apparatus
may be employed for reproducing purposes.

7. A magnetic recording method in which
a direct biassing field and an alternating field
intersectiong therewith and controlled in its in-
tensity and frequency by the signal being re-
corded are effective, substantially as herein-
before described with reference to the accom-
panying drawings.

8. A magnetic recording apparatus, in
which a direct biassing field and an alternat-
ing magnetic field intersecting therewith and
controlled in its intensity and frequency by
the signal being recorded are effective, sub-
stantially as hereinbefore described with
reference to the accompanying drawings.

PAGE, WHITE & FARRER,
Chartered Patent Agents,
27, Chancery Lane, London, W.C.2,
Agents for the Applicant.

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press.~—-1960.
Published by The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies may be obtained,

35

40

45

50

55

60



FIG./. 7

[ 1 i I
| o Lo o , |
I N Ny B - |
b | P ! l | |
oo | Lo | '
' | | ! I ! | ! ! ! ‘
I | | ! | [ | l | | |
,' l L
M NN A7 A NS 77277 T TR A
KL A2 NSNS A 77 0NN R U227 472 NS
Yuz1 42000747770 NN e ba7] dp7im v sk g
A NN NN 2NN
11/////////// u\\\\\\\\xfu///é////l H\\\\\\m{u/// /511191\\\“\\\\%
l { s l | F/G- 4
| | l ! l | 4
| I | E I l | 4.
0 0 0 0 0 o . o 3873




830.736 COMPLETE SPECIFICATION
3 SHEETS 7 drawing is a repreauction of
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