Aug. 20, 1957 M. CAMRAS 2,803,708

ELECTROMAGNETIC TRANSDUCER HEAD

Filed Sept. 26, 1951 3 Sheets-Sheet 1




~ Aug. 20, 1957 M. CAMRAS 2,803,708
ELECTROMAGNETIC TRANSDUCER HEAD .
Filed Sept. 26, 1951 4 ‘ 3 Sheets-Sheet 2

‘of\i
l\“

Hh s <«
W5 - , ' ' FJ&

‘ 1%
Y 2| 3 | |
— 1«30 22 E121 G eee
| = | Marvire Cariras



Aug. %O, 1957 M. CAMRAS : 2,803,708
ELECTROMAGNETIC TRANSDUCER HEAD _
Filed Sept. 26, 1951 _ ' 3 Sheets-Sheet 3

i%..
IR b ~ 2R B W P N 4
= = w | A~ S
T e 4 U N =5 |
— T == t
| % ] =z
JTI77 771 775

Mafﬁytzz c’armra;s



United States Patent Off

2,803,708
Paiented Aug. 20, 1957

1CC

1

2,803,708
ELECTROMAGNETIC TRANSDUCER HEAD
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‘ 40 Claims. (Cl. 179—1006.2)

This invention relates to an electromagnetic transducer
head and to a method of magnetic recording, and more
particularly, to a head for magnetic recording and re-
producing apparatus which employs a method and means
for altering the shape and characteristics of a high fre-
quency bias field and/or shape and characteristics of an
intelligence signal field in the region of the record gap.

In one type of magnetic recording apparatus, a lengthy
magnetizable record medium. is drawn across an electro-
magnetic ‘transducer head assembly at substantially uni-
form linear velocity. - The head assembly includes a mag-
netic core member having a non-magnetic gap over which
the medium passes and which' is-provided with- suitable
current-conducting -exciting elements to produce a mag-
netic field across the gap. The pole portions of the core
member which form the non-magnetic gap are so posi-
tioned and arranged that the medium passes -over first
one pole and then across the gap and then over the other
pole.

‘During the recording operation, current is .caused to
flow in the exciting elements in accordance with time vari-
ations. of an intelligence to produce a time-varying mag-
netic field in the core and in -accordance with the value
thereof. The lengthy magnetizable medium- is subjected
to the influence of this field as it is drawn therethrough,
and magnetization is imparted to incremental lengths of
the medium in accordance with the time variations of the
intelligence, thus causing variations in the magnetization
of the medium- along its length-in accordance with the
time variations of the intelligence.

During reproduction, the lengthy magnehzable medium
is drawn across the same or similar head assembly to set
up a flux in the core portion thereof in accordance with
the magnetization of the medium along successive- incre-
mental lengths as it passes across the gap of the magnetic
core member. . The resultant time-varying flux induces a
voltage in the coil with which the flux is linked in accord-
ance with.the time rate of change thereof.. This voltage
may  be amplified and suitably reproduced by a loud
speaker or similar-device to produce the mtelhgence re-
corded.

This magnetic recording and reproducing device inher-
ently involves the conversion of an intelligence to a time-

varying magnetic field during the recording operation, and .

the conversion of a time-varying magnetic ‘flux into-an
intelligence .in-the reproducing-operation.

It has been found in practice that one of the limita-
tions on how high a frequency you can record and how
well you can record any frequency depends to.a.consid-
erable degree on how rapidly the magnetic intensity of the
high frequency bias field and/or intelligence signal field
decays at the trailing pole of the electromagnetic ‘trans-
ducer head after the record medium has crossed the gap.

In my copending application ‘entitled “Electro-magnetic
Transducer: Head,” ‘U. S. Serial No. 137,001, filed Jan-
vary-5,.1950, now Patent No. 2,628,285, issued February
10, 1953, of which the present application is a continu-
ation-in-part, I. have described one method and means
for altering the normal shape and characteristics of the
magnetic field in the region of the record gap 'to obtain
g much more rapidly decreasing magnetic intensity of an
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intelligence signal field and/or a high frequency bias field
at the trailing pole, thereby improving the recording abil-
ity of the kead. - In this copending application, the electro-
magnetic’ transducer head involves the use of an extra
pole to effect an alteration of the shape and character-
istics of the magnetic field in the region of the record-
ing ‘gap.- This extra pole in my copending application is
located on the opposite side of the traveling record mem-
ber from the  main-: magnetizing poles. While greatly
improved results are obtained with this type of head con-
struction, it ‘has been found in practice that-the presence
of this ‘additional pole on the opposite side of the record
medium from- the main recording poles has been of some
disadvantage in the ease of threading the  record -mem-
ber into the head ‘assembly and of the general handling
of “the ‘magnetic recording and reproducing apparatus.
It has also been somewhat costly to manufacture such a
head.

The present invention obtains the same or better results
for intelligence signal fields and/or bias fields than the
head construction described in-my aforesaid copending
application, but eliminates the need for the extra pole on
the opposite side of ‘the record member from the main
pole pieces.

One of the principal features and objects of the present
invention is to provide a novel electromagnetic transducer
head assembly :all of which lies on one side only of the
record member traveling over the head.

A further object of the invention is to provide a novel
method and means for magnetically recording intelligence

" on’a magnetizable record member.
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A stil]l further object of the present invention is to pro-
vide a novel electromagnetic transducer assembly.

Another and still further object of the invention is to
provide a novel method and means for magnetic recording
in" which a very rapidly decaying magnetic intensity of
the magnetizing field appears in the region of the trail-
ing pole of the head assembly.

Another and still further object of the invention is o
provide a novel method and means for changing the nor-
mal field configuration of the bias field in the region of
the record gap of an electromagnetic transducer head.

Still another and ‘further-object of the invention is. to .

-provide a novel electromagnetic transducer head which

is so constructed-and arranged that a bias field is set up
in the region of the record gap which lies generally per-
pendicular to one pole and generally parallel to the other
pole lying on opposite sides of the record gap.

Yet another -and further object of the invention is. to
provide a head which produces a magnetic field at the
recording gap- which is ‘more uniform throughout “the
thicknessof the magnetizable layer.

Yet another and.-still further ‘object of the invention
is:to provide a‘head wherein optimum bias is practically
the: same for high as for: low: audio frequencies.

A fuarther object of the invention is to provide a novel
electromagnetic transducer assembly which has improved
reproduction or play-back qualities.

A still further- object of  the: invention is to provide
a method -for altering a field in the recording region
of a head which comprises imposing on a main concen-
trated field having a'curved configuration in the region;
a. second field of curved “configuration for producing a
better cancellation between the fields.

Another and still further object of the ihvention is to
provide @ novel method and means for magnetic re-
cording wherein 2 second field is utilized to.provide a
mull point-near the recording region when combined with
the main recording field.

Still-another and - further-object of the present in-
vention ' is to-provide a novel method -and means. for
magnetic recording wherein a second field is imposed
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on the main recording field, the second field progressively
diminishing in intemsity beyond the recording region.

Yet another and further object of the invention is to
provide. a novel electromagnetic transducer. head and
method for use in either transverse or longitudinal mag-
netic recording.

A more specific object of the present invention is to
provide an electromagnetic transducer head made from
a single core blank, all:of which lies in a single plane,
and all of which lies on one side caly of the record
member traveling over the head, which is adapted to
produce a substantial alteration of the recording field as
compared with the conventional head of this type.

Another more. specific object of the invention is to

provide a magnetic field at the trailing pole which is more.

uniform in the lateral direction across the magnetizable
medium passing thereover.

A further more specific object of the present inven-
tion is to provide a novel electromagnetic transducer
head in which the erase gap is placed so close ito the
record gap that some of the erase field acts directly on
the record medium in the region of the record gap, but
substantially at right angles to the direction of travel
of the record medium.

A still further more specific object of the present in-
vention is to provide a novel electromagnetic transducer
head having an erase gap and a record gap therein so
positioned with respect to each other that some of the
flux of the erase gap influences the record member in
the region of the record gap, but which flux is substan-
tially at right angles to the flux of the bias field of the
record gap, and which flux appreximates the magnitude
of the bias flux. :

Another and still further more specific object of the
present invention is to provide a novel method and means
for allowing closer spacing of an erase gap and a record
gap while yet giving adequate flux carrying capacity.

Still another and further more specific object of the
present invention is to provide a novel electromagnetic
transducer head assembly which employs one or more
auxiliary poles all of which lie on the same side of the
record member as the remainder of the head assembly.

Other objects and features which I believe to be char-
acteristic of my invention are set forth with particularity
in the appended claims. My invention itself, however,
both as fo its organization, manner of construction, and
method of operation, together with further advantages
and objects thereof, may best be understood by refer-
ence to the following description taken in connection
with the accompanying drawings, in which:

Figure 1 is a diagrammatic view of an electromag-
netic transducer head embodying the novel teachings and
principles of the present invention;

Figure 2 is a fragmentary, greatly enlarged, front ele-
vational view of the pole tips of the electromagnetic
transducer head shown in Figure 1, with an indication of
where ‘the erase field and the bias would lie if they were
not combined;

Figure 3 is a view similar to Figure 2 showing the
actual resultant bias field which is obtained in part from
the leakage flux of the erase gap and in part from the
bias flux of the record gap, the resultant field being the
actoal bias field effective in the recording process;

Figure 4 is a top plan view of a modified electromag-
netic - transducer head assembly embodying the novel
teachings and principles of the present invention;

Figure 5 is a front elevational view of the head as-
sembly of Figure 4;

Figure 5A is a diagrammatic illustration of one ar-
rangement of the windings of the bias coil relative to
the erase coil of the head assembly of Figure 5.

Figure 5B illustrates diagrammatically another arrange-
ment of the windings of the bias coil relative to the erase
coily

Figure 6 is a top plan view of a further modified form
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of the present invention utilizing a pair of auxiliary poles;

Figure 7 is a front elevational view of the head as-
sembly of Figure 6;

Figure 8 is a side elevational view of the head assembly
of Figure 6;

Figure 9 is a top plan view of a still further modified
form of the present invention utilizing a single auxiliary
pole;

Figure 10 is a front elevational view of the head as-
sembly of Figure 9; and

Figure 11 is a side elevational view of the head as-
sembly of Figure 9.

The first embediment of the present invention is illus-
trated in Figure 1 of the drawing and includes an elec-
tromagnetic transducer head 1@ having a core 11, an erase
coil 12, a bias coil 13, and a signal or voice coil 14.
The core 1% is made of any suitable high permeability
material having low magnetic retentivity.  The magnetic
record member 15, such, for example, as a wire or tape,
is arranged to be drawn across the head 19, the record
member 15 being supplied from a supply spool 16 and
weund-up on- a take-up or drive spool 17.

The core 11 of the electromagnetic transducer head 10
includes three upstanding legs 18, 19 and 20. The outer
legs 18 and 20 are generally in the shape of an inverted
L. and have upper pole portions er pole members. 21 and
22 which extend toward the reduced center portion 23
which forms the tip- of the upstanding center leg 19.
Since the normal direction cf travel of the record member
15 is from left to right, as viewed in Figure 1 of the
drawing, it is apparent that the gap 24 which lies be-
tween the pole member 21 and the pole tip 23 is the erase
gap, while the gap 25 which lies between the pole tip 23
and the pole member 22 is the record gap.

One of the principal features of the present invention
is to so control the relative spacing between the gaps 24
and 25 with respect to the gaps 24 and 25 themselves as
to preduce a substantizl alteration in the actual shape of
the bias field in the region of the record gap 25. By
the way of example, and not by way of limitation, the
erase gap for a tape record member may be .003", the
record gap may be .0003"”, and the space between the
gaps may be .015".

It will be cbserved that the erase coil 12 is in series
with the bias coil 13, and that the two coils are wound
in such a direction as to be in aiding flux relation in their
magnetic path which includes the left leg 18 and the
center leg 19.

It will also be observed that the flux of the bias field
also passes arcund a magnetic circuit which includes the
center leg 19 and the right leg 29, which is the same
magnetic circuit-as the principal magnetic circuit for the
voice-or signal coil 14.

As is well known to those skilled in the art, the bias
field produced by the coil 13 is thus superimposed on the
flux of the voice coil 14 in the region of the record
gap 25. Because of the very close proximity of the
erase gap- 24 to the record gap 25, it will be noied that
there is a semicircular field set up by the erase flux which
extends clear over into the region of the record gap.
Since this flux is of the same fiequency as the flux set
up by the bias coil 13, it will obviously affect the bias
field in the region of the record gap. The long broken
lines shown in Figure 2 and indicated by the letter A
represent the flux being set up by the erase coil 12 'in the
region of the record gap 25. This, of course, is in addi-
tion to the very highly concentrated erase field which lies
immediately between the pole tip 21 and the pole tip 23.
The dotted lines B.are the magnetic- field which tends to
be set up by the bias coil 13 in the region of the record
gap 25. . ’ )

It will be observed that the flux of the magnetic field
A as it tends to be.set up by the erase coil 12 in the
region of the record gap 25 lies substantially perpen- -
dicular to the direction of travel of the record member *
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15, while the flux path of the bias field B as it tends to
be set up in the region of the record gap 25 tends to be
somewhat semicircular in configuration. - Since these two
magnetic fields are superimposed on each other and are
of the same frequency, a resultant magnetic field is ob-
tained which has a shape as indicated by the lines C as
shown in Figure 3. Since the lines of equal magnetic
potential lie at right angles to the flux lines shown in
the various figures of the drawing, it will be readily under-
stood by those skilled in the art'that a very rapidly decay-
ing magnetic field occurs in the region of the trailing pole
22 of the record head assembly.

It will furthermore be observed from an inspection of
Figure 3 that the flux lines of the resulting bias field ex-
tend generally at right angles to the magnetic record mem-
ber 15 in the region of the leading pole, but lie substan-
tially parallel thereto in the region of the trailing pole 22.
Thus, a much more nearly true longitudinal field is ob-
tained  than is the case with the conventional eleciro-
magnetic transducer heads of the present time which pro-
duce so-called longitudinal magnetic recording.

It will also be observed that by reversing the polarity
of the bias coil 13 with respect to the erase coil 12, trans-
verse biasing fields may be obtained rather than a longi-
tudinal bias field, since in such event, the vertical portion
of the bias field flux will then be in the region of the
trailing pole piece and the longitudinal portion will be
in the region of the leading pole piece.

From the above description, it will be understood that
the highly desirable features of the present invention may
be obtained by controlling the relative spacing between
the erase and record gaps with respect to the relative
number of coil turns of the erase winding and the bias
winding. so as to cause the two fields which tend to be
produced by each in the region of the record gap to be
of approximately the same magnitude and to be approxi-
mately at right angles to each other. When so propor-
tioned, the resultant biasing field, produced in part by the
bias coil and in part by the erase coil, has a configuration
which is substantially at right angles to the direction of
travel of the record member in the region of one pole
and substantially parallel thereto in the region of the
other pole.. Under such circumstances, greatly improved
magnetic recording is obtained. This is particularly true
with respect to the recording of higher frequencies.

Jn Figures 4 and 5 of the drawings, a modified form
of head construction is shown in which the head 26 has
a twisted center lamination indicated -by the reference
numeral 27 to allow close spacing of the gaps and yet
give adequate flux carrying capacity. In this form a bias
coil 28 is illustrated as being on an outer trailing leg 29
with the voice coil 14. As indicated in Figure 5A, the
erase coil 12 on the outer leg 30 and bias coil 28 can be
wound in such directions relative to each other as to be
in aiding flux relation in their magnetic path at the. center
twisted leg 27. In Figure 5B, the polarity of the bias
coil 28 is reversed so as to be in opposing flux relation
at the center leg 27 relative to the erese coil 12. Thus, in
the same manner as with the embodiment of Figure 1,
either a longitudinal or a transverse bias field can be
produced in the region of the trailing pole piece 31.

Adjustment - of the.exact field desired may be made
by varying the number of bias turns on the recording
side; by reversing connections to the bias coil, ‘'or by
locating the bias coil on either or both legs of the re-
cording head portion.. A preferred adjustment is to have
the superimposed cross field at the record gap of the
sarne order of magnitude as or less than the bias field
required by.the record medium at the record gap. One
adjustment which has been successfully used is-to make
the cross field two-thirds of the bias field at the record
gap. A null point in the perpendicular component neat
the recording gap may be produced by the perpendicular
components of the cross field and the bias field when the
fields are adijusted in the preferred manner,
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It will be noted that the flux lines A produced by the
erase coils in Figures 1 and 5 are generally curved so
that the field can be adjusted to produce better cancella-
tion and a more nearly complete null point in the perpen-
dicular and parallel components of the resultant flux at
the desired point near the recording gap. Furthermore,
it will be observed that -the field due to the erase coil
will progressively ‘diminish in intensity beyond the re-
cording gap so that the desired sharp gradient may be
obtained near the gap without excessive field being im-
pressed on the record member after leaving the - gap.

More - particularly, therefore, the head 26, like the
head 10 of Figure 1, may be made from a single core
blank, all of which lies on one side only of the record.
member traveling over the head, and all of which lies in
a single plane, except that the upper pole portion 32
of the center leg 27 of the head 26 is twisted through
substantially 90° to lie in a plane substantially at right
angles to the plane of the remainder of the head. The
twisted pole portion 32 thus forms the leading pole piece
with respect to' the record gap and the pole portion 31
forms the trailing pole piece with respect to the record
gap. :

In Figures 6, 7 and 8 of the drawings, I have shown
a second modified form of head construction in which
a head 33 includes a generally ring-type core and a pair
of auxiliary poles 34 and 35 mounted at the sides of a
record gap 36 defined by core legs 37 and 38. The legs
37 and 38 have respectively a leading pole portion 39
and a trailing pole portion 40. A pair of signal or voice
coils 41 are mounted on the core legs 37 and 38 and a
pair of bias coils 42 are mounted on the auxiliary legs
43 and 44. )

The voice and bias coils are illustrated as being con-
nected.in series and may thus be supplied with both the
intelligence signal and the bias voltage. The auxiliary
poles may be mounted in alignment with the gap 36; or if
it is desired to obtain a longitudinally curving field as
illustrated at A in Figure 2 in order to obtain better
cancellation, or if it is desired to obtain a more rapidly
diminishing field at the trailing pole, the auxiliary poles
may be longitudinally spaced from the trailing pole. The
auxiliary bias coils 42 are advantageously left connected
during reproduction, since an improved pick-up is ob-
tained as well as improved recording.

In the case where both voice and bias voltages are fed
to all the coils, the flux diagram of Figure 3 would be
applicable to either the voice field or the bias field and
to the resultant of the two fields in its general configura-
tion.. It will be understood by those skilled in the art,
that the head 33 of Figure 7 will give a voice field which
is more uniform in the lateral direction when  the bias
coils 42 also receive the voice voltage.

The head of Figure 7 thus has the feature that both
the bias and audio fields are represented by a field simi-
lar to Figure 3. The head of Figure 1 produces a modi-
fied bias field mainly; which combines improved opera-
tion with simple and economical construction.

In Figures 9, 10 and 11 of the drawings is illustrated
a third modified form of the invention in which a head
46 has only a single auxiliary pole 47. The head may in-
clude an erase gap defined by an outer leg 48 and a center
leg 49 and a record gap defined by a leading pole portion
50 of the center leg 49 and a trailing pole portion-51
of the other outer leg 52. The spacing of the gaps may
be such that the erase ceil has no substantial effect on
the bias field as with conventional two-gap heads.

In this case an erase coil 53 is mounted on the outet
leg 48 and a voice coil 54 and bias coil 55 are illustrated
as being mounted on the outer leg 52. - The auxiliary leg
56 has an auxiliary coil 57 thereon. The erase coil 53
may be. energized separately with the auxiliary. coil 57,
the voice coil 54 being energized with both bias and voice
voltages, and the bias coil 55 not being used, or the erase
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coil 53, auxiliary coil 57 and bias coil 55 may all be
energized from the same high frequency source.

As with the embodiment of Figures 6, 7 and 8, the
auxiliary pole 47 may be displaced longitudinally as
well as laterally from the trailing pole if desired.

It is to be understood that the present invention is not
limited to the recording operation, sincé a reciprocal rela
tion holds between recording and reproduction, as is
usually the case in magnetic recording, and therefore
beneficial results of a generally similar nature are ob-
tained by the use of a head according to this invention
in play back of reproduction of a signal impressed upon
a medium.

The method of the invention disclosed in this appli-
cation and in my cepending application thus includes
superimposing on a first alternating magnetic field in and
adjacent to a recording region of a head, a second alter-
nating magnetic field of such phase, frequency and mag-
nitude as to oppose the first field adjacent the recording
region to substantially reduce the magnetic intensity ad-
jacent the recording region.

In all the embodiments illustrated, the head assembly
comprises a pair of poles having pole tips in closely
spaced confronting relation, the pole tips being 23, 22 in
Figure 1; 32, 31 in Figure 5; 39, 40 in Figure 6; and 59,
51 in Figure 9. An alternating filed is established in the
region of the pole tips by the bias coil 13 in Figure 1,
the bias coil 28 in Figure 5, the voice coils 41 in Figure 6,
and the voice coil 54 or bias coil 55 in Figure 9. A sec-
ond alternating field is also established in the region of the
pole tips, in all the embodiments to change the net inten-
sity and counfiguration of the field in the region of one
of the pole tips as compared with the intensity of the field
in the region of the other of the pole tips. The flux dis-
tribution illustrated in Figure 3 illustrates such a change
in the net intensity and configuration.

The second field is produced in Figure 1 primarily by
the erase coil i2 and the relative spacing between the
gaps 24 and 25 with respect to the gaps 24 and 25.

In Figures 4 and 3, the second field is similarly pro-
duced, the necessary spacing between the gaps being
achieved by the twisted center lamination 27 to also give
adequate flux carrying capacity.

In Figures 6, 7 and 8, the second field which may in-
clude both bias and voice frequencies is produced by the
auxiliary coils 42 and the proper spacing of the auxiliary
pole portions 34, 35 from the main poles 39, 40 and their
proper orientation with respect to the gap 36 along with
other conditions which will be apparent to those skilled
in the art from the disclosure of this and my copending
application, such as the relative magnetomotive forces
to be produced by the coils. It will also be apparent to
those skilled in the art that the second field lines of flux
impinging on the poles 39, 48 may then be similar to the
flux lines A in Figure 2 except that the lines will be in
generally laterally extending planes at right angles to the
plane of the flux lines A in Figure 2. The second flux
will, however, interact with the main flux, corresponding
to flux B in Figure 2, in an analogous manner as will be
understood by those skilled in the art.

In Figures 9, 10 and 11, the erase coil 83 may be on
a leg spaced from the record gap relative to the gaps
themselves such an amount as not to have a substantial
effect on the shape of the bias field in the region of the
record gap. The second field is then produced solely by
the auxiliary coil 57, the proper spacing and other con-
ditions obtaining.

Furthermore, in all the embodiments illustrated, there
is disclosed a ring-type core (legs 19 and 29, Figure 1;
legs 27 and 29, Figure 5; legs 37 and 38, Figure 7; and
legs 49 and 52, Figure 20) having a pair of closely spaced
confronting pole portions separated by a non-magnetic
gap- across which a magnetic record member is arranged
to pass first over a first one of said. pole portions and
then the gap and then over a second one of said pole
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portions, a second core in the region of said gap (leg 18,
Figure 1; leg 30, Figure 5; legs 43, 44, Figure 7; and leg
56, Figure 10) and spaced from said confronting pole
portions and having a third pole portion spaced from said
non-magnetic gap and the third pole portion being within
the magnetic influence of said first and second pole por-
tions, said ring-type core and said second core having
magnetic core elements common to both cores, means for
setting up an alternating magnetic flux in said first core
thereby to establish an alternating magnetic field in the
region of said gap, and means for setting up an alternating
magnetic flux in said second core which passes through
said third pole portion and at least one of said pole por-
tions of said first core, the first and second core pole
poritons all lying on one side of said magnetic record
member.

The third pole portions in Figures 1 and 5 are spaced
longitudinally from the record gap, while in Figures 7
and 9 the third pole portions are spaced laterally from
the record gap and pole tips.

It will be understood that modifications and variations
may be effected without departing from the scope of the
novel concepts of the present invention.

1 claim as my invention:

1. An electromagnetic transducer head comprising a
core having three legs whose extremities are disposed to
define two non-magnétic gaps over which a magnetic
record member is arranged to successively pass, means
to generate a high frequency M. M. F. in the first leg of
said core, means to generate a high frequency M. M. F.
in the center leg of said ¢ore which is in phase with said
first M. M. F. and which means each tend to set up a flux
across the first of said gaps in aiding relation to each
other, said second means also tending to set up a flux
across the sccond of said gaps, and means on said third
leg to generate an alternating M. M. F. as a function of
the sighal to be recorded.

2. An electromagnetic transducer head comprising a
core having a center leg and two outer legs, said légs
having exiremities in proximity to each other and po-
sitioned to form two non-magnetic gaps, said legs being
positioned to have a magnetic record member pass first
over the pole extremity of one of said outer legs, then
over a first gap, then over the extremity of said center
leg, then over the sécond of said gaps and then over the
extremity of the other of said outer legs, an erase coil
on said first outer leg, a high frequency bias coil on
said center leg, and a signal ¢oil on said second outer
leg, said high frequency bias coil being energized in
phase and in flux aiding relation with said erase coil.

3. An electromagnetic transducer head comprising a
core having a center leg and two outer legs, said legs
having extremities in proximity to each other and posi-
tioned to form two non-magnetic gaps, said legs being
positioned to have a magnetic record member pass first
over the pole extremity of one of said outer legs, then
over a first gap, then over the extremity of said center
leg, then over the second of said gaps and then over the
extremity of the other of said outer legs, an erase coil
on said first outer leg, a high frequency bias coil on said
center leg, and a signal coil on said second outer leg, said
high frequency bias coil being serially connected to said
erase coil and wound in a flux aiding direction with re-
spect to said erase coil.

4. An electromagnetic transducer head comprising a
core having a center leg and two outer legs, said legs
having extremities in proximity to each other and posi-
tioned to form two non-magnetic gaps, said legs being
positioned to have a magnetic record member pass first
over the pole extremity of one of said outer legs, thén
over a first gap, then over the extremity of said center
leg, then over the second of said gaps and then over the
extremity of the other of said outer legs, an erase coil
on said first outer leg, a high frequency bias coil on
said center leg, and a signal coil on said second outéi
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leg, said high frequency bias coil being energized in phase
and in flux aiding relation with said erase: coil, said gaps
being positioned sufficiently close together so that a sub-
stantial amount of leakage flux from said first gap ex-
tends over into the region of said second gap, whereby
the vertical components of high -frequency flux at the
leading edge of said second gap are additive and the
vertical components of high frequency flux at the trail-
ing edge of said second gap are in opposition.

5. An' electromagnetic transducer head thaving three
pole portions and a pair of closely spaced non-magnetic
gaps therebetween, one of said gaps being an erase gap
and the other of said gaps being a record gap, means
for establishing an alternating magnetic flux in the region
of said record gap whose frequency and amplitude varies
as a function of the signal to.be recorded, means for
establishing a high frequency -alternating flux in the
region of said record gap whose general direction- of
orientation at the leading edge of said record gap is
substantially at right angles to the direction of travel
of a record member and whose general direction of
orientation is parallel to the direction.of travel of said
record member at the trailing edge of said recoerd gap.

6. An electromagnetic head comprising a pair of poles
having pole tips in closely spaced confronting - relation
and arranged to have a magnetic record member pass
thereacross from one pole.to the other, means for: estab-
lishing an’ alternating magnetic field .in -the .region of
said pole tips, and means for establishing a second alter-
pating magnetic field in the region of said pole.tips to
change appreciably the net intensity and configuration
of said field in the region. of one of said pole tips as
compared with the intensity of said field in the region of
the other of said pole tips, said head being adapted to
lie entirely on one side of the record member passing
thereacross.

7. The electromagnetic head of claim-6 where one of .

said poles is twisted to extend generally laterally of the
head to allow closer spacing of said last mentioned pole
in'its entirety to the other pole while affording adequate
flux carrying capacity.

8. The electromagnetic head of claim 6 wherein sald
secondary field establishing means includes a.third pole
spaced laterally from said pole tips.

9, The electromagnetic head of claim-6 wherein said
secondary field establishing means includes a third pole
spaced longitudinally from said pole tips.

10. An electromagnetic transducer comprising a ring-
type core having a pair of closely spaced confronting
pole portions separated by a non-magnetic gap across
which a magnetic record member is arranged to pass first
over the first one of-said pole portions and then the gap
and finally ovér a second one of said pole portions, a sec-
ond core in the region of said gap and spaced from. said
confronting ‘pole portions and having a third pole por-
tion spaced from said non-magnetic gap, said first and
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second pole portions being within the magnetic influence. ,

of “said third pole portion, said ring type core and said
second core having magnetic. core elements-common  to
both cores, means for setting Up an. alternating magnetic
flux in said first core thereby to establish an alternating
magnetic field in the region of said gap, and means for

setting up an alternating magnetic flux in said second core:

having a leakage flux which passes. through-said third
pole portion and at least''one of ‘said pole portions of

said ‘first. core” and is. of ‘magnitude comparable to the.

magnitude of the flux in said first core in the region of
‘said gap, .the three pole portions: all being adapied to
lie on one side of the magnetic record member.

11. The transducer. of claim .10 wherein -oné of -the
confronting pole portions-is twisted to extend- generally
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laterally of the-head to allow closer spacing of said last -

mentioned pole portion- in: its -entirety to the other pole

portion while ‘affording adequate flux: carrying- capacity. !

12. The transducer of claim 10 wherein-the third pole

i

10

portion  is. spaced laterally from said nom-magnetic gap.

13. The transducer of claim 10 wherein the third pole
portion is spaced longitudinally from said non-magnetic
gap.

14, An electromagnetic transducer head comprising a
magnetic core having a pair of non-magnetic gaps there-
in over which a magnetic record member is arranged to
pass successively, means for establishing a high-frequency
magnetic field ‘across the first of said gaps, means ener-
gized by the signal to be recorded. for -establishing a
magnetic field across the second of said gaps, said high
frequency field being sufficiently strong to extend over
in air into the region of said second. gap and modify in
a substantial manner the field -shape of said signal field,
said core including a twisted center leg between the palr
of gaps.

15. An electromagnetic transducer head comprising a
core having three legs whose extremities are disposed to
define two non-magnetic gaps over which a magnetic
record member is arranged to successively pass, means to
generate a high frequency' M. M. F.-in the first leg- of
said core, means to generate a high frequency M. M. F.
in the other two legs of said core which is in phase with
said first M. M. F. and which means each tend to set
up- a flux across the first of said gaps in aiding relation
to each other, said second means also tending to set
up a flux across the second of said gaps, and means. on
said third leg to generate an alternating M. M. F. as a
function of the signal to be recorded, the center leg being
twisted: to provide a generally laterally extending. pole
portion: between the-two. gaps for close spacing of the
gaps and adequate flux carrying capacity in the center
leg.

16. An eleciromagnetic transducer head comprising a
core having three legs whose extremities are disposed to
define two non-magnetic gaps over which a magnetic rec-
ord member is arranged to successively pass, means to
generate a high frequency M. M. F. in the first leg of said
core, means to generate a high frequency M. M. F. in
the other two legs of said core and a further pole portion
spaced laterally from said gap:over which the record
member is to pass second.

17. In-an electromagnetic head, first means including
first and second poles for establishing a ‘first magnetic
field therebetween in a region -adjacent said first and
second -poles for interaction with a record medium in
said region, and second means including. a:third pole for
establishing a second magnetic field in: said région of
magnitude comparable to the magnitude of said: first
magnetic field in said region, said first, second and third
poles all lying on the same side of said region.

18. In an electromagnetic. head, first: means including
first and second poles for establishing a first magnetic
field, second means including -third and fourth poles for
establishing a second magnetic -field, means defining a
path of travel fora record medium successively through
said first and second fields with said first, second, third
and fourth poles all lying on the same side of said path,
and saidfirst means being' operative: to establish a mag-
netic field extending in air from one of said first and
second poles to one of said third and fourth poles and
into a region where the: path of said record medium in-
tersects said second magnetic field and of magnitude in

said region comparable to the magnitude of said second
field to appreciably affect said record medium in sald
region. -

19. In an electromagnetic transducer head, a core hav- -
ing a gap therein, first means adapted to act on said core
for. establishing a first magnetic field in the region of the
gap, and a second means- for establishing an auxiliary -
magnetic field of the same order of magnitude as the first
field at the gap, said core being adapted  to lie-entirely-:
on one side of the record member travelhng across: sald;v
£ap. :
20. In an electromagne’nc transducer head, core means:
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having a gap therein, first means adapted to act on said
core means for establishing a first magnetic field in the

region of the gap, and second means adapted to act on

said core means for establishing an auxiliary magnetic
field somewhat less than the first field at the gap, said
core means being adapted to lie entirely on one side of
the record member passing across said gap.

21. An electromagnetic transducer head comprising a
magnetic core having a pair of non-magnetic gaps therein
over which a magnetic record member is arranged to
pass successively, means for establishing a magnetic erase
field across the first of the gaps, means for establishing
a bias field across the second of said gaps, means where-
by said erase field establishing means is operative to pro-
duce a magnetic field extending over in air into the region
of said second gap of magnitude in the region of said
second gap of the order of said bias field in the region
of said second gap.

22. An electromagnetic transducer head comprising a
magnetic core having a pair of non-magnetic gaps therein
over which a magnetic record member is arranged to
pass successively, means for establishing a magnetic erase
field across the first of said gaps, means for establishing
a magnetic bias field across the second of said gaps, means
whereby said erase field establishing means is operative
to produce a magnetic field extending over in air into
the region of said second gap of the order of two-thirds
of the magnitude of the bias field in the region of said
second gap to modify in a substantial manner the field
shape of said bias field. ) i

23. An electromagnetic transducer head comprising a
magnetic core having a pair of non-magnetic gaps therein
over which a magnetic record member is arranged to
pass successively, means for establishing a first magnetic

field across the first of said gaps, means for establishing -

a-second magnetic field across the second of said gaps,
means whereby said first field establishing means is oper-
ative to produce a magnetic field extending over in air
into the region of said second gap and establishing an
effective null point in the region of said second gap.

24, An electromagnetic transducer head comprising a
magnetic core having a pair of non-magnetic gaps therein
over which a magnetic record member is arranged to pass
successively, means for establishing a first magnetic field
across the first of said gaps, means for establishing a sec-
ond field across the second of said gaps, means whereby
said first field establishing means is cperative to produce
a magnetic field extending over in air into the region of
said second gap and having a magnitude in the neighbor-
hood of two-thirds of the second field in the region of
the second gap to modify in a substantial manner the
field shape of said second field. '

25. An electromagnetic transducer head comprising a
magnetic core having a pair of closely spaced non-mag-
netic gaps therein over which a magnetic record member
is arranged to pass successively, first means for causing
a first magnetic flux to flow in a portion of said core
and across the first of said gaps, second means for es-
tablishing a second magnetic flux in a second portion of
said core and across the second of said gaps, and means
comprising the close spacing of said gaps and said first
means for causing said first magnetic flux extend over
in “air into the region of said second gap and to be
of a magnitude in the neighborhood of two-thirds of the
second flux in the region of said second gap.

26. An electromagnetic transducer head comprising. a
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magnetic core having a pair of closely spaced non-mag-_ -

netic gaps therein over which a magnetic record member
is arranged to pass, first means for establishing a high
frequency magnetic flux in a portion of said core and
across the first of said gaps, second means for establish-
ing an alternating bias flux to flow in a second portion
of said core and- across the second of said gaps, and
means comprising the close spacing of said gaps and said
first means for establishing a high frequency magnetic
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flux which extends over in air into the region of said
second gap and has a magnitude in the region of said
second gap approximating the magnitude of said bias
field in region of said second gap,

27. An electromagnetic transducer head comprising a
magnetic core-having a pair of closely spaced non-mag-
netic gaps therein over which a magnetic record member
is arranged to pass successively, means for establishing
a first magnetic field across the first of said gaps, means
for establishing a second magnetic field across the second
of said gaps, said non-magnetic gaps being spaced a dis-
tance of the order of five times the width of said first
gap, and means whereby said first magnetic field establish-
ing means is operative to establish a magnetic flux which
extends over in air into the region of said second gap and
modifies in a substantial manner the field shape of said
second field.

28. An electromagnetic transducer head comprising a
magnetic core having a pair of closely spaced non-mag-
netic gaps therein, means for establishing a first magnetic
field across the first of said gaps, means for establishing
a second magnetic field across the second of said gaps,
the spacing between said non-magnetic gaps being not
greater than five times the width of said first gap, and
means whereby said first magnetic field establishing means
is operative to establish a magnetic ficld -which extends
over in air into the region of said second gap and modifies
in a substantial manner the field shape of said second field.

29. An electromagnetic transducer head comprising a
magnetic core having first and second poles defining a
first non-magnetic gap, over which a magnetic record
member is arranged to pass, means for producing a high
frequency M. M. F. across said first gap, a third pole on
the same side of said record member as said first and
second poles and spaced therefrom, means completing a
magnetic circuit between said second pole and said third
pole, and means for producing a high frequency M. M. F.
between said second pole and said third pole to set up
a high frequency field between said second and third
poles having a magnitude in the region of said gap ap-
proximating the magnitude of the high frequency M. M. F.
across said gap.

30. An electromagnetic transducer head comprising a
magnetic core having first and second poles defining a

‘first non-magnetic gap over which a magnetic . record

member is arranged to pass, means for producing a high
frequency M. M. F. across said first gap, a third pole on
the same side of said record member as said first and
second poles and spaced therefrom, means completing
a magnetic circuit between said second pole and said
third pole, means for producing a high frequency M. M. F.
between said second pole and said third pole to set up a
high frequency field between said second and third poles
having a magnitude in the region of said gap approximat-
ing the magnitude of the high frequency M. M. F. across
said gap, and a record member travelling successively
over said third pole, said first pole and then said second
pole.

31. An electromagnetic transducer head comprising a
magnetic core having first and second poles defining a
first non-magnetic gap over which a magnetic record
member is arranged to pass, means for producing a high
frequency M. M. F. across said first gap, a third pole on
the same side of said record member as said first and
second poles and spaced therefrom, means completing-a
magnetic circuit between said second pole and said third
pole, and means for producing a high frequency M. M. F.
between said second pole and said third pole to set up
a high frequency field between said second and  third
poles having a magnitude in the region .of said gap ap-
proximating the magnitude of the high frequency M. M. F.
across said gap, said third pole being spaced laterally from
the path. of travel of a record member over said first

-and second poles. :

32. An electromagnetic head comprising a pair of poles
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having pole tips in closely spaced relation and arranged
to have a magnetic record member passed thereacross
irom omne pole to another, means for establishing an alter-
nating magnetic field in the region of said pole tips, and
means for establishing a second alternating magnetic field
in the region of said pole tips of magnitude approximat-
ing the magnitude of said first mentioned alternating mag-
netic field in the region of said pole tips to change ap-
preciably the net intensity and configuration of said field
in the region of one of said pole tips as compared with
the intensity of said field in the region of ‘the other of said
pole tips, said head being counstructed to receive said
record member and to provide an unobstructed area on
one side of said record member for ease in threading of
the record member into operative relation to the head.

33. An electromagnetic head comprising a pair of poles
having pole tips in closely spaced confronting relation
and arranged to have a magnetic record member pass
thereacross from one pole to another, means for establish-
ing a first alternating magnetic field in the region of said
pole tips, and means for establishing a second alternating
magnetic field in the region of said pole tips of magnitude
and phase to produce an effective null point in the region
of one of said pole tips, said head being adapted to lie
entirely on one side of the record member passing there-
across.

34. A magnetic head comprising a magnetic core hav-
ing a pair of closely spaced non-magnetic gaps therein,
first means for producing a first high frequency M. M. F.
across the first of said gaps thereby to set up a concen-
trated high frequency flux across and in the region of said
first gap, second means for producing a second high fre-
quency M. M. F. across the second of said gaps to set up
a concentrated high frequency flux across and in the
region of said second gap, and means comprising the size
and position of said gaps ‘and said first means for caus-
ing a portion of the high frequency magnetic flux pro-
duced by the said first means to extend info the region of
said second gap and to be of magnitude relative to the
flux in the region of said second gap set up by the M.
M. F. across said second gap to produce a resultant flux
in the region of said second gap through which said record
member passes in which the flux lines are substantially
at right angles to the direction of travel of the record
member on one side of said second gap and are generally
parallel to the direction of travel of the record member
on the opposite side of said second gap.

35. An electromagnetic transducer head comprising a
magnetic core having a pair of closely spaced non-mag-
netic gaps therein over which a magnetic record member
is mrranged to pass successively, first means for causing a
first high frequency magnetic flux to flow in a portion of
said core and across the first of said gaps, second means
for causing a second high frequency magnetic flux to fiow
in a second portion of said core and across the second of
said gaps, means including the close spacing of said gaps
and said first means for causing high frequency leakage
flux from said first gap extend over in air inio the region
of said second gap and have a substantial magnitude rela-
tive to said second high frequency flux in the region of
said second gap to modify in a substantial manner said
second high frequency magnetic flux in the region of said
second gap.

36. An electromagnetic transducer head comprising a
magnetic core having a pair of closely spaced non-mag-
netic gaps therein over which a magnetic record member
is arranged to pass successively, means for causing a high
frequency magnetic flux to flow in a portion of said core
and across first of said gaps, means for causing a high fre-
quency flux to flow in another portion of said core and
across the second of said gaps, means for establishing an
alternating magnetic flux representing the signal to be
recorded in said second portion of said core and across
said second of said gaps, and means comprising the close
spacing of said gaps and the size of said first gap causing
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leakage flux from said first gap extend over into the region
of said second gap, said first and second means producing
magnetic fluxes having a phase relation therebetween such
that the components of said first and second fluxes at one
edge of said second gap are generally at right angles.to
the direction of travel of said record member and are
additive and the componeats of said first and second fluxes
at the other edge of said gap are generally at right angles
to the direction of travel of the record member and are
opposed to each other, said first and second means pro-
ducing magnetic fluxes of relative magnitudes such that
said first and second fluxes at said second gap produce a
resultant flux patiern in the region of said second gap in
which the flux lines are substantially at right angles to the
direction of travel of the record member at one edge of
said gap and are generally parallel to the direction of
travel of the record member on the opposite edge of the
gap.

37. An electromagnetic transducer comprising - first
core means having a pair of closely spaced pole portions
separated by a non-magnetic gap, a record medium travel-
ling over a first of said pole portions, then cover the gap,
and finally over a second of said pole portions with the
gap recording a longitudinal trace along the record mem-
ber, and second core means having a third pole por-
tion spaced from said non-magnetic gap in a direction
transverse to the direction of movement of the record
member. thereacross, said third pole portion being offset
laterally from the trace recorded on.said record member
by said gap and being disposed at one side of said gap.

38. An electromagnetic transducer comprising a- first
core having a pair of closely spaced pole portions sepa-
rated by a non-magneiic gap across which a record memi-
ber is arranged to pass first over a first one of said pole
portions and then the gap and finally over a second one
of said pole portions, and a second core forming a mag-
netic circuit with portions of said first core and having a
third pole portion disposed to engage a portion of the
record member laterally spaced from the portion of the
record member travelling across said gap, said third pole
portion lying generally in the plane of said first and sec-
ond pole portions and laterally spaced therefrom.

39, An electromagnetic head comprising a pair of poles
having pole portions in’ closely spaced relation and ar-
ranged to have a magnetic record member pass there-
across from one pole to the other, means for establishing
a first magnetic field in the region of said pole portions,
and means for establishing a second magnetic field in the
region of said pole portions to change appreciably the
net infensity and configuration of said first field in the
region of one of said pole portions as compared with the
intensity of said first field in the region of the other of
said pole portions, said head being adapted to lie entirely
on one side of the record member passing thercacross.

40. ‘An electromagnetic transducer head comprising a
core having three legs disposed to define two non-magnet-
ic gaps over which a magnetic record member is.arranged
t0 successively pass, means to generate a first M. M. F.
in the first leg of said core, means to generate a second
M. M. F. in the center leg of said core which is in phase
with said first M. M. F, and which means each tend to set
up a flux across the first of said gaps in aiding relation to
each other, said second means also tending to set up a
flux across the second of said gaps, and means on said
third leg to generate an M. M. F. as a function of the
signal to be recorded.
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