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The present invention is concerned with an electromag-
netic head structure for use in conjunction with magnetic
recording apparatus. The present invention is particu-
larly concerned with dual type magnetic heads which
include both a recording and reproducing gap as well as
an erase gap for erasing inteliigence previously recorded
on a traveling magnetic impulse record member.

Cre of the drawbacks in producing an economical mag-
netic recording and reproducing assembly is the cost of
the electromagnetic head contained therein. Such heads
must necessarily be built with precision, as they include
non-magnetic gaps of very small dimensions, which must
be met within close tolerances. Careful and extensive
machining of core structures to provide these critical non-
magnetic gaps is therefore a costly and time consuming
operation. In addition, the assembly of the magnetic
core siructure of the size commonly employed for mag-
netic recording purposes into a suitable housing is also a
delicate operation involving a considerable degree of skill.

With the foregoing in mind, an object of the present
invention is to provide an improved eleciromagnetic head

assembly for magnetic recording purposes, the head being:

composed of econocinical materials.

Still another object of the present invention is to pro-
vide an improved electromagnetic head assembly charac-
terized by ease of assembly and capable of being produced
economically and rapidly in large scale quantities.

Another object of the present invention is to provide a
magnetic head structure which may be assembled from
punch press stamped core pieces and a die cast or molded
case, with little or no machining or expensive -hand
cperation being required.

Another object of the present invention is to prov1de a
head assembly for multi-channel recording tapes which
can be tilted to adjust the perpendicularity between the
tape and the nor-magnetic gap without causing misalign-
ment of the record and erase sections of the head.

Still another object of the present invention is to pro-
vide a head in which there is a shorter lag between the
erase and the record functions.

The novel features which I believe to be characteristic
of my invention are set forth with particularity in the
appended claims. My invention itself, however, both as
to its organization, manner of constructicn and method
of operation, together with further objects and advantages

ereof, may best be understood by reference to the fol-
lowing description taken in connection with the accom-
panying drawings, in which:

Figure 1 is a plan view of an electromagnetic head em-
bodying the principles of the present invention;

Figure 2 is a view in elevation partly in cross section,
illustrating the internal structure of the electromagnetic
head; ‘

Figure 3 is a cross-sectional view taken substantlally
along the line YH—II of Fig. 2;

Figure 4 is a bottom plan view of the housing for the
electromagnetic head, with the core structure removed;

Figure 5 is a view in elevation of the housmg w1th the
core clements removed; and
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Figure 6 is a cross-sectional view in élevation of a
modified form of an electromagnetic head embodying
principles of the present invention.

As shown on the drawings:

In Figure 1, reference numeral 1@ indicates generally
an improved electromagnetic head for magnetic recording
purposes, including a non-magnetic housing 11 which may
be composed of materials such as aluminum or an in-
fusible resin. The housing 11 includes two upstanding
wall portions 12 and 13, the wall portions 12 and 13
defining between them a magnetic record receiving chan-
nel 14.

The interior of the housmo 11 is substantially hollow to
receive the magneiic core structure, and contains a pair
of integral, spaced supporting members 15 and 16. One
of the features of the present invention is the fact that
the housing 11, together with the spaced supporting mem-
bers 15 and 16 can be prcduced as a simple die casting
of a nen-magnetic material such as aluminum, or a syn-
thetic resin such as, for example, a phenol-formaldehyde
resinous condensation product.

As best indicated in Figure 2, the housing 11 may be
provided with arcuate record guiding portions 17 and 18
at the end of the record receiving channel 14 to guide a
traveling magnetic record impulse member over the re-
cording and erase gaps presently to be described.

Also carried by the housing 11 is a terminal block 26
composed of electrical insulating material, the terminal
strip 28 being provided with a plurality of lugs or termi-
nals 23 to which the lead-in wires from the various coils
associated with the. electromagnetic head structure may
be soldered or otherwise secured.

The ferrornagnenc core structure included within the
housing 11 is best shown in Figures 2 and 3 of the draw-
ings. As seen in these two figures, the magnetic core
structure consists of a three-legged core, inmcluding a
center leg 23 composed of a plurality of laminae of ferro-
magnetic material, including a center lamination 24 which
extends into the record receiving channel 14 of the hous-
ing 11 and is flush with that channel to provide a smoothly
contoured record receiving surface. The laminations
making up the center leg 23 are held in position within
the interior of the housing i1 by the spaced supporting
members 15 and 16. »

The outer legs of the magnetic core structure may
each consists of a plurality of L-shaped laminations dis-
posed in confronting relation to the center leg Z3. The
complete magnetic core structure includes a first L.-shaped
laminated outer leg 26 and a second outer laminated leg
27. As evident from Figures 2 and 3, the lower, inner
edges of the L-shaped cuter legs 26 and 27 are adhesively
secured by means of adhesive 48 to the center leg 23 in
offset portions 28 and 29 provided in the spaced support-
ing members 15 and £6. The adhesive to be employed
may be a suspension of ferromagnetic parﬂclas such as
“Permalloy” particles in an adhesive resinous composi- .
tion, and is preferably applied .outside the abutting sur-
faces.

The housing 11 also includes a pair of spaced spring
members 30 and 31 each having one end bottomed against
the walls of the housing 11 and having slot therein to
receive the edge portions of the oppositely dlsposed
outer legs 26 and 27. .

The first outer leg 26 carries a pair of coils 32 and 33
for supplying a fluctnating magnetic field in the non-
magnetic gap used for recording and reproducing pur-
poses. As is well known to those skilled in the art, the
coil 32 is a voice coil energized during operation of the
unit as a recording unit by the output of an audio am-
plifier, while the coil 33 is a bias coil which, during opera-

_tion as a recording unit, is energized by a source of rela-
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tively high frequency electrical energy from a suitable
oscillator.

The opposite leg, leg 27 .of the magnetic core struc-
ture, has a coil 34 disposed thereon; the coil 34 being
energized from a suitable high frequency source to pro-
vide an erasing field in the vicinity of the erasmg gap
of the core structure. -

As best indicated in Figure 4, the hoasmc i1 is pro-
vided with elongated slots 35 to receive the uppermost
vertical ‘ends of the outer legs 26 and 27 in close fitting
relationship. Where a metallic or cther electrically con-
ductive housing is employed, the slots 35 should be rela-
tively wide, to provide an open circuit and prevent a
short circuited loop across the magnetic flux path. When
a.non-electrically conductive casing is used, the slots need
be no larger than required to pass the core pigces.

Secured to the outer legs 26 and-27, and completing
" the magnetic circuit of the three legged core are a pair
of arcuate record engaging members 36 and 37, these
members being suitably curved to provide a smooth path,
taken in conjunction with the record engaging surfaces
17 and 18 of housing i1, for the traveling magnetic im-
pulse record member. . As indicated best in Figure 2, the
record engaging members 36 and 37 are received within
suitably recessed areas provided in the record engaging
surfaces 17 and 18. The record engaging members 36
and 37 may be adhesively secured to the extreme ends

of the outer leg members 26 and 27 by layers of ad-

hesive 48 such as a suspension of “Permalloy” particles
in an adhesive resincus binder.

"~ The record engaging members 36 and 37 are separated
from the center lamination 24 of center leg 23 to pro-
vide a pair of non-magnetic gaps over which the traveling
magnpetic record member passes during operation. These
non-magnetic gaps are formed by providing a relatively
thin spacer 41 of copper, solder, or other non-magnetic
material at the recording side of the core structure be-
tween the center lamination 24 and the outer leg 26, and
by providing a relatively wide non-magnetic spacer 42
on the erase side of the core structure, between the
center lamination 24 and the outer leg 27. For pur-
poses -of illustration, the width of the spacer 41 in the
recording and reproducing gap may be on the order of
.0003 inch, while the erase gap spacer 42 may be on the
order .of .003 inch in width.

In order to prevent recording, erasing, or pickup om
an adjacent record track when the head is used with a
multi-channel record member, the magnetic head of the
present invention may also be provided with a keeper 45

f-a high permeability material such as “Mu” metal in
side-by-side relationship with the magnetic record en-
gaging members 36 and 37.  As indicated in Figures 1
and 3, the housing 1% may be suitably recessed to ac-
commodate the curved keeper 45 in proximity to the
magnetic record engaging members 36 and 37.

The assembly of the electromagnetic heads of the type
shown in
the unigue structure involved, than ordinary electromag-
netic transducer heads. In the assembly of the unit, the
housing, which may be a one-piece die casting of non-
magnetic material, is held in position, and the laminations
making up the center leg 23 may then be inserted be-
tween the spaced supporting members 15 and 16. The
record engaging members 36 and. 37, together with

spacers 41 and 42 are then inserted, and held-in place-

with a' thermosetting cement or by providing a dovetail
fit between the record engaging members.and the . hous-
ing. After this initial assembly, the efficiency of the gaps
provided -by the spacers may be tested and those- which
operate satisfactorily may be completely assembled by the
addition of the outer.legs 26 and 27 and their associated
coils. The lead-in wires from the coils 32, 33 and 34

Figures 1-5, inclusive, is far simpler because of
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can then be secured to the appropriate terminals 21 on -

the terminal board 20. . o o
The modified form of the invention illustrated in Fig-

(£

4
ure 6 is in many respects very similar to that previously
described in connection with Figures. 1-5, inclusive.” In
the modified form of the invention, the housing 59 is
composed of a non-magnetic resinous compositien such
as a “Bakelite” resin. © The head structure shown in Fig-
ure 6 was designed for those types of magnetic recording
assemblies which utilize substantially  flat faced heads,
rather than the arcuately shaped record receiving chan-
nels employed in the construction of Figures 1 to 5.

The housing 50 includes a pair of spaced supporting
membvers 31 and 52 which support a center leg 53
of the .magnetic core structure. In the embodiment
illustrated in Figure 6, the center leg 53 is composed of
a single lamination, while the outer legs 54 and 55 may
be composed of a plurality of laminations of ferromag-
netic material.  For purposes of illustration, the center
leg may be %’ long, 0.100” wide, and 0.015” thick,
so that the non-magnetic gaps are- separated by a. dis-
tance of only about 0.015 inch. The outer L-shaped leg
54 includes a voice coil 56, while the other leg 55 car-
ries an erase coil 57. - No bias coil is included, the bias
being obtained by ma.gnetl\. coupling from the ‘erase coil.
If desired, as illustrated in Figure 6, the L-shaped leg 85
carrying the erase coil 57 may be made somewhat shorter

than “the L -shaped leg 54 carrying the voice coil to pre-.

vide a shorter magnetic flux path for the erasing flux.
The outer legs 54 and 55 of the core striucture may be ad-
hesively secured to the center leg 53 by a layer 58 of a
suitable adhesive composition.

Record en"agmg members 5% and 65 are designed
along the top surface of the housing 5§ and are adhes-

sively secured to the outer legs 54 and 55, respectively. -
‘Bending the ends of the members 59 and 6% as shown

has been found to -give beneficial results.

The non-magnetic gaps for the magnefic head are pro- -

vided by including a relatuely thin shim or spacer 6%
between the record engaging membsr 59 and the center

leg 56, and a reiatively wider shim or spacer 62 be-

tween center leg 53 and the other record engaging mem-
ber 66. In this modified form of. the invention, the
spacers are shown extending sli the way through the
supporting members 51 and 52 to hold the center leg
in wedged engagement between the supporting members
51 and 52.

It will be appreciated that the heads of the present
invention are considerably easier to assemble than con-
ventional recordmg and erasang heads. Al of the com-
ponents, for example, may be made of simple stampings
requiring no extensive machining or pamstak’n assem-
bly procedures. .

The heads of the present invention zlso have improved
electrical performance characteristics, particularly since’
the spacing between the erase gap and the record gap
is reduced, the spacing being less than thé width of the
head.
netic heads of the present invention can bs produced
far more economically and far more rapidly from readi-
ly available materials than can conventional electromag-
netic heads. )

It will be understood that modificaticns
tions may be effected without departm" from the s
of the novel cencepts of the present investion.

-1 claim as my invention: o -

1. An electromagnetic head -assembly comprisi
non-magnetic housing having a curved magne
engaging -surface formed thereon, spaced sup
ments_ in said housing, a magnetic core havm"f
ity of spaced legs formed of separate picces
material including a center lsg held in po
said hounsing between said support element
leg terminating substantially flush with sz
gaging surface of said housing, 4 pair of out—er legs bond-

and varia-

ODV

ed to said center leg, a pair sf separate curved record- -
engaging members supported on said housing and form-

ing with said record enoagmv surface of sald housing

Thr‘ net result is that the improved clectromag-

P,
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a smooth record travel surface for a magnetic impulse
record member, said curved members being bonded to
said outer legs respectively, and a pair of non-magnetic
spacers on opposite sides of said center leg defining a
pair of non-magnetic gaps between said center leg and
said record-engaging member.

2. An electromagnetic head assembly comprising a
non-magnetic housing having a magnetic record engag-
ing surface thereon, spaced support elements within said
housing, a magnetic core structure formed of a plurality
of separate pieces of magnetic material including a center
leg supported between said supporting elements and
terminating substantially flush with said record engag-
ing surface of said housing, a pair of L-shaped outer
legs secured at edge portions thereof to opposite sides
of said center leg, a pair of record engaging members
carried by said housing, said record engaging members
defining with said record engaging surface a smooth
record travel path, a relatively narrow non-magnetic
spacer disposed on one side of said center leg between
said center leg and one of said record engaging mem-
bers, and a relatively wider non-magnetic spacer on the
opposite side of said center leg between said center leg
and the other of said record engaging members, said
spacers defining non-magnetic gaps in said record travel
path.

3. An electromagnetic head assembly comprising a
non-magnetic housing having a magnetic record engag-
ing surface thereon, spaced support elements within
said housing, a magnetic core structure formed of a
plurality of separate pieces of magnetic material includ-
ing a center leg supported between said supporting ele-
menis and terminating substantially flush with said record
engaging surface of said housing, a pair of L-shaped
outer legs adhesively secured at edge portions thereof
to opposite sides of said center leg, a pair of record
engaging members carried by said housing and adhesive-
1y secured to said outer legs, said record engaging mem-
bers defining with said record engaging surface a smooth
record travel path, a relatively narrow non-magnetic
spacer disposed on one side of said center leg between
said center leg and one of said record engaging members,
and a relatively wider non-magnetic spacer on the op-
posite side of said center leg between said center leg
and the other of said record engaging members, said
spacers defining non-magnetic gaps in said record travel
path.

4, An electromagnetic head assembly comprising a
non-magnetic housing having a magnpetic record engag-
ing surface thereon, spaced support elements within said
housing, a laminated magnetic core structure including
a straight laminated center leg supported between said
supporting elements and having at least one of its lami-
nae terminating substantially flush with said record en-
gaging surface of said housing, a pair of L-shaped cuter
legs secured at edge portions thereof to opposite sides
of said center leg, a pair of record engaging members
carried by said housing and secured to said outer legs,
said record engaging members defining with said record
engaging surface a smooth record travel path, and a
relatively marrow non-magnetic spacer disposed on one
side of said center leg between said center leg and one
of said record engaging members, and a relatively wider
non-magnetic spacer on the opposite side of said center
leg between said center leg and the other of said record
engaging members, said spacers defining non-magnetic
gaps in said record travel path.

5. An electromagnetic head assembly comprising a
non-magnetic housing having a magnetic record engag-
ing surface thereon, spaced support elements within said
housing, a laminated magnetic core structure including
a straight laminated center leg supported between said
supporting elements and having at least one of its lami-
nae terminating substantially flush with said record en-
gaging surface of said housing, a pair of L-shaped outer
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legs adhesively secured at the respective ends of their
lower edge portions thereof to opposite sides of said
center leg, a pair of record engaging members carried
by said housing and adhesively secured to the upper
ends of said outer legs, said record engaging members
defining with said record engaging surface a smooth
record travel path, a relatively narrow non-magnetic
spacer disposed on one side of said center leg between
said center leg and one of said record engaging members,
and a relatively wider non-magnetic spacer on the op-
posite side of said center leg between said center leg and
the other of said record engaging members, said spacers
defining non-magnetic gaps in said record travel path.

6. An electromagnetic head assembly comprising a
non-magnetic housing having a magnetic record engag-
ing surface thereon, spaced support elements within said
housing, a magnetic core structure including a center
leg supported between said supporting elements and ter-
minating substantially flush with said record engaging
surface of said housing, a pair of L-shaped outer legs
secured at one end of each leg to opposite sides respec-
tively of said center leg, a pair of record engaging mem-
bers carried by said housing and secured to said outer
iegs, said record engaging members defining with said
record engaging surface a smooth record travel path, a
magnetic keeper of relatively high permeability material
on said record engaging surface adjacent said record en-
gaging members, a relatively narrow non-maguoetic spacer
disposed on one side of said center leg between said
center leg and one of said record engaging members, and
a relatively wider non-magnetic spacer on the opposite
side of said center leg between said center leg and the
other of said record engaging members, said spacers
defining non-magnetic gaps in said record travel path.

7. An electromagnetic head assembly comprising a
non-magnetic housing having a magnetic record engag-
ing surface thereon, spaced support elements within said
housing, a magnetic core siructure including a center
leg supported between said supporting elements and ter-
minating substantially flush with said record engaging
surface of said housing, a pair of L-shaped outer legs
secured at edge portions thereof to opposite sides of said
center leg, resilient means bottomed against said hous-
ing and supporting said L-shaped legs at their respective
corners in said housing, a pair of record engaging mem-
bers carried by said housing and secured to said outer
legs, said record engaging members defining with said
record engaging surface a smooth record travel path, a
relatively narrow non-magnetic spacer disposed on one
side of said center leg between said center leg and one
of said record engaging members, and a relatively wider
non-magnetic spacer on the opposite side of said center
leg between said center leg and the other of said record
engaging members, said spacers defining non-magnetic
gaps in said record travel path.

8. An electromagnetic head assembly comprising a
non-magaetic housing having a magnetic record engag-
ing surface formed thereon, spaced support elements in
said housing, a magnetic core having a plurality of spaced
legs formed of separate pieces of magnetic material. in-
cluding a center leg held in position within said housing
between said support elements, said center leg terminat-
ing substantiaily flush with said record-engaging surface
of said housing, a pair of outer legs in magnetic circuit
relation with said center leg, a pair of separate record-
engaging members supported on said housing and form-,
ing with said record-engaging surface of said housing
a smooth record travel surface for a2 magnetic impulse
record member, said members being bonded to said outer
legs respectively, and a pair of non-magnetic spacers on
opposite sides of said center leg defining a pair of non-
magnetic gaps between said center leg and said record-
engaging members.

9. A head assembly comprising a magnetic core hav-
ing outer legs of magnetic material and a center leg
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formed of a separate piece of magnetic material from
said outer legs and bonded to and connected in mag-
netic circuit relation with said outer legs. intermediate
said outer legs, and a pair of separate gap defining mem-
bers bonded and magnetically connected to said outer
legs respectively and extending toward opposite sides
of said center leg and terminating in closely spaced rela-
tion to said center leg to define gaps therewith on the
iespective opposite sides of said center leg for coupling
of the core t0 a magnetic record member, said gap de-
fining members being secured to said center leg to form
a unitary sub-assembly adapied to be formed and tested
prior to assembly thereof with said outer legs.

10. A head assembly comprising a.magnetic core-hav-
ing outer legs and a straight upstanding center leg formed
of a separate piece of magnretic material from said outer
legs, one end of each outer leg being bonded to and
connected in telatively low reluctance magnstic circuit
relation with the lower end of said center leg and the
other end of each outer leg being relatively more remote
frem the lower end of said center leg and spaced from
the upper end of said center leg, and gap defining mem-
bers formed of separate pieces of magnetic material from
said center leg and said outer legs bonded at one end to
the remote ends of the respective outer legs and having
their opposite ends disposed in closely spaced relation
o respective opposite sides of the upper end of said cen-
ter leg to define gaps for coupling the core to a magnetic
record member, said gap defining members being secured
to said center leg to form a umtary sub-assembly adapted
to be formed and tested pricr to assembly thereof with
the outer legs, a mounting for supporting said core,
and a support carried by said mounting for engaging the
center leg to position said center leg with respect to said
mounting.

11. A head assembly comprising a magnetic core hav-
ing outer legs and a straight upstanding center leg formed
of a separate piece of magnetic material from said outer
legs, one end of each outer leg being bonded to and
connected in relatively low reluctance magnetic circuit
relaticn with the lower end of said center leg and the
other end of each outer leg being relatively more remote
from the lower end of said center leg and spaced from
the upper end of said center leg, and gap defining mem-
bers formed of separate pieces of magnetic material from
said center leg and said outer legs and bonded at cne
cnd to the remote ends of the respeuive outer legs and

aving their cpposxte -ends dlspcs\.d in closely spaced
reia‘aon to respective opposite sides of the upper end
of said center leg, sald gap defining members being se-
cured o -said center leg to form a unitary sub-assembly
adapted to be formed and tested prior to assembly there-
of with the outer legs, and said cuter legs being substan-
tizlly straight adjacent a free end thereof to receive pre-
formed coils thereon prior to securing of the gap sub-
assembly therewith.

12. A head assembly comprising a magnetic core hav-
ing outer legs and a siraight upstanding center leg formed
of a separate piece of magnetic material from said cuter
legs, one end of each outer leg being bonded to and
connected in relatively low reluctance magnetic circuit
relation with the lower end of said center leg and the
other -end of each outer leg being relatively more remote

from the lower end of said center leg and spaced from
the upper end of said center leg. and gap defining men-
bers f(}rmed of -separate- iece_a of magnetic material from
said center leg .and said ocuter legs and bonded at one
end to the remote ends of the respective outer legs and
having their opposite sides of the upper end of said center
legs, said .gap-defining members being secured to said
center leg to form a unitary sub-assembly adapted to be
formed and tested prior to assembly thereof with the outer
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legs, the center leg and the gap defining members being
of strip magnetic material with ‘their respective width di-
mensions substantially greater than their respective. thick-
ness dimensions, the center leg and the gap defining mem-
bers thus having width dimension surfaces disposed in
parallel relation and -separated by the thickness dimen-
sion of the respective strips, gap.defining members hav-
ing upper width dimension surfaces adjacent a path for
a record member successively thereacross, the center leg
having an end of each gap defining member terminating
adjacent a width dimension surface thereof adjacent the
upper end of the center leg so that the gaps on either of
the -center leg are separated by a distance substantially
equal to the thickness dimension of the center leg which
is substantially less than the width dimension of the
center leg, and the gaps having a width transversely of
the path of the record substantially equal to .the. width

dimensions of the gap defining members and substantially.

greater than the thickness dimensions of the gap defining
members.

13. A head assembly comprising a magnetic core com-
prising outer legs and a straight upstanding center leg
formed of a separate piece of magnetic material from
said ounter legs;, one end of each outer leg being bonded
to and connected in relatively low reluctance magnetic
circuit relation with the lower end of said center leg and
the other end of each outer leg being relatively more
remote from the lower end of said center leg, and spaced
from the upper end of said central leg, and gap defining
members formed of separate pieces of magnetic material
from said center leg and said outer legs and bonded at
one end to the remote ends of the respectxve cuter legs
and having their opposite ends disposed in closely spaced
relation to respective opposite sides of the upper end: of
said center leg, said gap defining members being secured
to said center leg to form a unitary sub-assembly adapted
to be formed and tested prior to assembly thereof with
the outer legs, the center leg and the gap defining mem-
bers being of strip magnetic material with their respec-
tive width dimension substantially greater than their re-
spective thickness dimensions, the center leg and the gap
defining members thus having width dimension surfaces
disposed in parallel relation and separated -by the thick-
ness dimension of the respective strips, gap defining mem-
bers having upper width dimension surfaces adjacent a
path for a record member thereacross, the center leg
having an end of each gap defining member terminating
adjacent a width dimension surface thereof adjacent the
upper end of the center leg so that the gaps on either
of the center leg are separated by a distance substantially

equal to the thickness dimension of the center leg which -

is substantially less than the width dimension of the center
leg, and the. gaps having a width substantially equal to
the width dimensions. of the gap defining members and
substantially greater than the thickness dimensions of the
gap defining members, the outer legs being formed of
strip material of substantially greater width than thick-
ness and having width surfaces in vertical planes gener-
ally at right angles to the-vertical planes of the center
leg width surfaces.
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