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My invention relates to electromagnetic trans-
ducer heads for use in magnetic recorders and
like equipment.

In one method of recording an intelligence on
2 lengthy magnetizable record medium such as,
for example, a paper tape having.a coating of
magnetizable particles on one face thereof, the
lengthy magnetizable medium is drawn across an
electromagnetic transducer head assembly ab
predetermined constant speed. The electromag-
netic transducer head includes a2 magnetic core
member defining a non-magnetic gap and having
adjacent portions shaped to receive the lengthy
magnetizable medium., A coil or winding en-
cireles this eore to cause a magneto-motive foree
across the gap in accord with the instantaneous
value of current flow therein. As each incre-
mental portion of the lengthy magustizable
record medium travels across the eleciromagnetic
transducer head, a degree of magnetization is
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imparted thereon in aceord with the magnitude

in the current flow in the coil at that instant,
thereby imparting variations in the degree of
magnetization along the length of the medium
in acecord with the time variations of the intelli-
gence reccrded.

During reproduction, the foregoing process is
reversed and the magnetized record medium is
drawn at the recording speed over a similar elec-
tromaonetm transducer head assembly. As each
ineremental length of the record medium rides
over. the gap portion of the electromagnetic
transducer head, flux is created along the core
member therecf in accord with the degree of
magnetization imparted to the particular incre-
mental portion of the record medium dirsctly
over the non-magnetic gap. This fdux,
in time in accord with the time variations of the
intellicence, creates an induced voltage in the
winding which may be agmplified and suitably
converted to the original form of the intelligence
such as, for example, sound.

In order most effectively to utilize the lengthy
magnetizgble medium, it is highly desirable to
have an electromagnetic transducer head assem-
bly with a high degree of resolution. In ether
words, the inecremental portion of the lengthy
magnetizable record medium which is aeted upon
by the non-magnetic gap of the electiro-magnetic
transducer head, or which is effective to deter-
mine the fiux therein, should be as short as pos-
sikle, to the end that the velocity of the medium
necessary accurately to record an inielligence
having predetermined frequency components may
be minimized.

Heretofore efforts have heen made to improve
resolution by merely reducing the size of the air
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gap of the head without other changes. It has
not heen appreciated that this expedient of itself
accomplishes the objective of improved resolution
at the sxpense of recorded ncise, microphonic
noise, and distortion. Some ef these objections
may be overcome by use of separabe pickup and
record heads, each designed most effectively to
achleve its specialized purpose. However, this
expedient complicates the magnetic regorder and
increases the cost thereof and, moreover, sacri~
fices some resolution because the shape and
alignment of the record and playback pole pieces
can never be perfect.

In accordance with the present invention these
objectives are achieved by designing the head
with a very small core.

In addition to the foregoing advantages, the
small electromagnetic transdueer of the present
invention is self—supportmg and may readlly and
conveniently be mounted on g, magnemc recorder
The small size further acts t0 minimize the hum
pickup of the structure due to stray magnetlr'
fields and reduces the mlcrophomc noise assoei-

ated with mechanical disturbance of the core
material. Light weight is further advamageous
if the head is intended to bear agains} a rotary
stabilizer type unit wherein the head urges the
medium against the surface of a massive rotat-
ing member.

Moreover, it has heretofore been considered
necessary to use a relatively high frequency cur-
rent to achieve the magnetic erasing necessary
to place the magnetizable record medium in a
neutral condition preparatory to recordmg an
intelligence thereon. This high frequency has
been regarded as necessary in order that the fi‘e-
quency of the erasing current be very great as
compared to the signal current, thereby to aveid
interference between the recorded erase signal
and the reproduced signal voltage. Similar con-
siderations have dictated the use of a b1as cur-
rent of very high frequency as compared with the
frequency of the recorded int=lligence,

Still another desirable feature of an electro-
magnetic transducer head assembly is that it is
easy and inexpensive to manufacture, a require-
mend that dictates simplicity of construction and
a minimum number of parts.

- In accordance with the present invention an
improved electromagnetic transducer head as-
sembly having sharp resolution and which may

. be used with relatively low frequency bias and

55

erase currents is provided.
1t is therefore a general object of the present
invention to provide an improved electromag-
netic transducer head assembly. S
Still another object of the present invention
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is to provide an improved electromagnetic trans-
cucer head assembly having high resolution.

Ancther object of the present invention is fo
provide an improved electromagnetic transducer
head operable both as a record head and a play-
back head,

Further, it is an object of the present inven-
tion to provide an improved electromagnetic
transducer head assembly having high resolu-
tion while still being capable of recording an in-
telligence on a lengthy magnetizable medium
with a minimum degree of noise.

Yet another object of the present invention is
to provide an improved electromagnetic trans-
ducer head assembly capable of obliterating pre-
vious recordings and other magnetizations on a
lengthy magnetizable record medium by use of a
relatively low frequency current.

Still another object of the present invention is
to provide a small unitary electromagnetic trans-
ducer head assembly capable of being mounted
on a spring member to be urged against the por-
tion of a magnetic record medium received on a
rotary stabilizer,

My invention further resides in features of
construction, - combination and arrangement
wherein an improved electromagnetic transducer
head of small size and operative with small tem-
perature rise and high efficiency is provided.

The novel features which I believe to be char-
acteristic of my invention are set forth with par-
ticularity in the appended claims. My inven-
tion itself, however, both as to its organization
and method of operation, together with further
chjects and advantages thereof, may best be un-
derstood by reference to the following description
taken in connection with the accompanying
drawings, in which:

Figure 1 is a greatly enlarged isometric view of
an electromagnetic transducer head assembly
constructed in accordance with the principles of
the present invention;

Figures 2 and 3 are top plan and side eleva-
tional views respectively of the magnetic core
portion of the assembly shown in Figure 1;

Figures 4 and 5 are top plan and side fragmen-
tary elevational views respectively of the core and
support portions of an electromagnetic trans-
ducer head assembly for magnetically erasing a
traveling record medium and constructed in ac-
cordance with the principles of the present in-
vention;

Figure 6 is a top plan view like Figure 4, but
showing another embodiment of the present in-
vention;

Figure 7 is a top plan view of a unitary electro-
magnetic transducer head assembly constructed
in accordance with the principles of the present
inventicn for imparting magnetization along two
tracks of a lengthy traveling magnetizable record
medium;

Figure 8 is a front elevational view of the
mechanism of Figure 7;

Tigure 9 is a diagrammatic view illustrating the
structure of the present invention for purposes
of explanation;

Figure 10 is a hysteresis loop diagram illustrat-
ing the operation of the structure of the present
invention;

Figure 11 is a diagrammatic top plan view of a
complete magnetic recorder utilizing the electro-
magnetic transducer head of the present inven-
tion and a rotary stabilizer;

Figure 12 is a side elevational view with parts
in cross section of an alternate form of the elec-

o

4
tromagnetic transducer head of the present in-
vention;

Figure 13 is a top plan view of still another em-
bodiment of the transducer head of the present
invention and showing elements to guide the
record medium in the portions where it overlaps
the edges of the head; and

Figure 14 is a cross-sectional view througlh the

- axis of XIV--XIV, Figure 13.
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Referring now to the isometric view of Figure
1, there is shown an electromagnetic transduesy
head assembly including a magnet core portion
28 which defines a closed loop for maagnetic flux,
which loop has a non-magnetic gap 2. A typical
flux path in core 20 is indicated at 2{ (Figure
3). The core 28 is formed in a somewhat cir-
cular shape, and at its portion opposite the gap
22 is imbedded in the relatively large block 2¢
of copper or like material having good thermal
conductivity.. As is best seen in Figure 1, the
energizing winding 28 encircles the opposed leg
portions of the core 22 so that current flow
through this winding produces fiux in the core
29 and magneto-motive force across the non-
magnetic gap 22.

The portions of core 20 adjacent gap 22 are
adapted to receive a strip or tape of lengthy
‘magnetizable medium as indicated in the dotted
lines at 28. This magnetizable record member
may, for example, comprise a strip of magneti-
cally inert material such as, for example, paper
tape, upon which is deposited a coating of mag-
netizable particles. Means (not shown) is pro-
vided to cause the medium 28 to travel over the
core 28 and across the non-magnetic gap 22.

The winding 26 is wound on the portions of
core 28 adjacent the portions which receive me-
dium 28. If it is desired to impart variations
to the degree of magnetization of medium 28
along its length in accord with the time varia-
tions of an intelligence, that intelligence is con-
verted to a suitable time-varying electro-motive
force as, for example, by the use of a micro-
vhone and amplifier. This time-varying electro-
motive force is applied to the winding 25 to cause
current flow therethrough in agcord with the
time variations of the intelligence, thereby set-
ting up a time-varying magneto-motive force
across the non-magnetic gap 22. This magneto-
motive force causes fringing fluxes about the
edges of the non-magnetic gap 22 which in part
pass through the magnetizable coating of the
incremental portion of the medium 28 immedi-
ately thereover. The portion Zia of the flux
line 21 (Figure 3) constitutes part of this fring-
ing flux that acts upon the medium 28, This
results in imparting magnetization to successive
ineremental portions of medium 28 in accord with
the magnitude of the current flow in winding
28 as that medium travels thereover. In this
fashion variations in the degree of magnetiza-
tion along the length of the medium 28 are im-
parted in accord with the time variations of the
intelligence to be recorded.

When it is desired to erase the medium 23
irrespective of previous magnetic recordings
thereon or the magunetic history of that medium,
the winding 26 may be excited with high fre-
duency current flow and the medium 28 drawn
thereover. In this case, each incremental por-
tion of the medium 28, as it travels across the
non-magnetic gap 22, is subjected to several cycles
of alfernating magneto-motive force and, as a
consequence, leaves the core 20 in a substantially
neutral magnetic condition.
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In a practical electromagnetic transducer head
‘eonstrueted -as shown in Figure 1, the non-
“magnetic gap 22 may be of the order of .005 inch
if used as an erase head, .0005 to .002 inch if
used as a record head, and .0001 to .0005 inch
when used as a playback head. The core 2§ -may
be a single piece of nickel-iron alloy, such as
Permalloy, .015 inch thick in the radial direc-
tion and formed to approximately .09 inch inner
radius. The winding 26 might comprise 20 turns
of No. 30 wire. Moreover, the block 24 may ke
a, copper block one-half inch deep, three-eighths
inch across, and one-eighth inch thick. :

Actual pick-up -heads constructed in accord
with the foregoing having non-magnetic gaps
‘of about 0.0005 inch have a rabic of average
length of the flux path in the core to the length
of the non-magnetic gap of approximately 700.
‘Actual record heads constructed in accord with
the foregoing having non-magnetic gaps of abousb
6.001 inch have a ratio of average length of the
flux path in the core to the length of the non-
magnetic gap of approximately 300. It has heen
~found that with larger gaps, such as 0.002 inch,
the ratio of flux path length in the core to the
length of the non-magnetic gap can be increased
to approximately 700 without sacrifice in noise
level. On the other hand, when extr emely high
‘resolution is desired, as may be obtained by using
gaps of 0.0005 inch or less, then a ratio of flux
path length in the core to the length of the non-
magnetic gap of approximately 1000 is procured
in practical heads. Gaps as small as §.0002 inch
have been used with a corresponding ratio of
about 2500.

In all of the foregoing, good resolution is
achieved with slight sacrifice in noise level, even
though the gaps are in many instances very much
smaller than any gap heretofore considered
practical.

The block 24 serves to remove the heat gener-
ated in the coil 28 and the core 28 and thus pre-
vents overheating of the head. Morsover, this
‘hlock forms 2 convenient method of supportmn
the head. This block is particularly useful in
the case of erase operation where the heat gener-
ated within the very smail head of the bresent
invention would cause overheating unless re-
moved by a very effective heat conducting and
‘dissipating mechanism.

Further,
relative to the non-magnetic gap the core
may be made of substantially crcular or O-
shaped cross-section, as seen in Figurse 3. This
form provides maximum spacs for the winding
26 relative o the length of the flux paths such
as, for example, flux path 21.

The operation of the eleciromacnetic trans-
ducer head asssmbly of the present invention
may best be understood by reference to Figures 9
and 10, In the latter figure, there is shown a
hysteresis eurve of the masnetic core material
of which the core of the head is made and at
the magnetizations encountered during typical
operation. Increased values of the abscissas (FD
of this -curve represent increased iagnetizing
forces, whereas increased values of the ordinates
(B) rerresent increased flux densities within the
core, During a typical alternating cycle, as the
magnstizing force (H) is increased in the direc-
tion of the arrow, Fizure 10, the filux density
increases to a peak value Bm from which value
this flux density decreases as the marnetizing
forces subseouently decrease. This is-shown in
cyrve |88, Figure 10. This continues ‘until - a
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~maximum flux density value in the negative di-
rection (—Bm) is reached, at which time the
“magnetizing force increases to cause the medium
to follow the other leg of the curve.

The example of Figure 10 corresponds to nearly
saturating the core. At lower values of applied
‘field ‘a similar curve will be obtained.

Curve 1080 (Figure 10) applies to a magnetic
circuit comprising the core material alone and
indicates that after a peak value of magnetizing
force there remains a residual flux densify Br
upon . reduction of that magnetizing force to
zero. It is this fiux density, or retained magneti-
zation, that is responsible for noise and other
undesirable effects associated with the operation
of an eleciromagnetic transducer head contain-
ing an iron core magnetic ecircuit.

'The effect of providing the air gap in the mag-
netic' circuit on the residual magnetization is
graphically indicated by the line OA (FMigure 19).
It can be shown that with an average core length
path L. (Figure ) and an air gap length of Lg
(Figure 9) the value of the remnant magnetiza~-
tion (B'y) is determined by the intersection with
the curve 188 of the line OA drawn at an angle ¢
whose tangent is egqual to

L.

L,
Moreover, if the value of ¢ is small, it can further
be shown that with practical core materials the
value of remnani magnetization (B’r) is pre-
portional tc the coercive fome imparted to the
‘material times the ratic of IL¢ to L.

The term “average core length path” as used

herein signifies the weighted average length of

the various flux paths encircling core 28, taking
into account the guantity of fiux following each
path.

In order effectively to utilize the magnetic ma-~
terials on the recording medium, it is neeessary
to use a recording field of intensity varying from
B0 to 200 gauss at the portion of the medium
being magnetized, However, with typicel electro-
magnetic transducer heads congtructed in aec-
cordance with the principles of the prior art, it
has been found that the actual value of By varies
Trom apbrommatew 50 gauss %o approximstely
300 gauss with a typical value of about 1580 gauss.
Conseguently, the intensity of the residual mag-
netization in the core portion of the head is
comparable in magnitude to the actual recording
fleld, With values so nearly alike, I have dis-
coverad that a particularly uniavorable situation
is ereated from the standpoint of noise in repro-
duction and even harmonic distortion.

In contrast to the siructures of the prior art,
a typical head construction in accordance with
the principles of the present invention has a
ratio of L. to Lg of approximately cne-fifth to
one-tenth of the ratic herstofore used. This gives
values of By affer seturation varying below &
in the cage of a vary good core material
and a relatively long gap ito spproximately 15
gauss in the case of a poorer core material and
a velatively short gap, with aporoximately 8 gauss
as a typical figure,

A core material with cosrcive force helow 0.1
oersted, and preferably below 0.03 oersted, is
desirable. ) -

Ry redueing the ratio of Ie to Lg to the point
wherein the value of Br is less than 15, it has
been found that the noise introduced by reason
of this residual magnetization is rendered very
small as compared.to the noise otherwise exist-

rr
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ing. Moreover, for best operation the value of
Br should be below 5, and for high fidelity re-~
cording this value should Le kept below 2.5, For
playback, about twice these figures (30, 10 and &
respectively) have been found tolerable.

The foregoing values can be obtained by re-
stricting the length of the magnetic path in iron
10 a value less than cne inch, corresponding o
a core Y inch square, and preferably less than
%, inch. Heretofore heads have baen consirucied
without regard to small size of the iron path and
generally have involved iron paths considersbly
in excess of these figures.

In accordance with a further feature of the
present invention, the gap 22 is tilted relative
to the direction of motion of the medium 28 and
the record and playback electromagnetic trans-
ducer therewith., Figures 4 and 5 are a plan view
and a sidz eisvational view respectively of an
eleciroraas ic transducer head for esrase pur—
poses constructed in this fashion but with the
windings removed.

In accordance with the present inventk_)n,
effective elimination of the high frequency bias
voltage from the erased record is achieved by
tilting the gap 22 of the erase head relative to
the perpendicular to the direction of movement
of the medium. This results from the fact that
the incremental portions of the medium 28 im-
mediately adjacent the erase head gap 22 are
spaced relative to each other along the length
of the medium 28, thus causing phase displace-
ments in the recorded wave over the width there-
of when viewed in direction transverse to the
iength. Consequently, when a record or pick-
up head aligned with the perpendicular to
the direction of motion of medium 28 is used,
various portions of the medium 28 produce out-
of-phase voltages which, by proper design, may
be made to produce no net voltage in the pick-up
head.

Moreover, by tilting the erase head relative to
the perpendicular to the direction of movement
of the medium, the random noise in the picked
up sound or other intelligence has been found
to be greatly reduced.

It can be shown that with an erase head hav-
ing a non-magnetic gap 22 at an angle to the
non-magnetic gap of the pick-up head, the os-
cillations recorded by the erase head will pro-
duce zero voltage in the pick-up head when the
non-magnetic gaps are at an angle such that
the phase difference from one side of the gap
of the pick-up head to the other is a full wave
length or an integral multiple thereof. Thus,
for example, if 20 kilocycles erase frequency is
used and the medium 28 is l3-inch wide and
moves at a speed of 12 inches per second, effec~
tive cancellation of the erase voltage can be
achieved with the gap 22 of the erase head at
an angle of approximately 0.3° relative to the
orientation of the gap of the pick-up head.
Thus, if the pick-up head is mounted with its
non-magnetic gap directed transversely to the
direction of travel of medium 28, the erase head
is mounted with its non-magnetic gap rotated
0.3° relative thereto; thus causing a phase differ-
ence of a full wave length across the medium
28 as seen from a line drawn transverse to the
direction of motion thereof. As pointed out
hereafter, if the angle of tilt corresponds to
several or more wavelengths, it is not ecritical.

In the herringbone construction of Figure 6,
effective cancellation of the erase wave is
achieved when each half of the non-magnetic
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gap produces a phase displacement over the
width of the medium of a full wave length or
an integral multiple thereof.

There is shown in Figure 13 a top plan view
of an electromagnetic transducer head like that
of Figure 6 but in which the gap 22 is curved
to give a result similar to that associated with
tilting the gap. It will, of course, be evident
that other arrangements may be used for this
purpose as, for example, a combination of
straight and curved gaps.

While the preceding discussion has been lim-
ited to tilting or bending the erase head gap
relative to the perpendicular to the direction of
movement of the medium, it will, of course, be
apparent that the critical factor is the tilt of
the erase head relative to the playback head.

Figures 7 and 8 are broken-away top plan
and front elevational views respectively of a
complete unitary electromagnetie transducer
head assembly suitable for use in a magnetic
recorder -of the type wherein two channels of
a lengthy magnetizable record medium are em-
ployed, cne channel carrying intelligence differ-~
ent irom that carried by the other. Such a
head may, for example, be used in binaural sys-
tem. This assembly includes a housing 39 of
suitable insulating material such as, for exam-
ple, a phenol-formaldehyde condensation prod-
uct. The housing 30 has a forward wall 3%c
extending down the front portion of the same
and terminating in the horizontal shelf portion
32 which defines a ledge to receive and guide
the lengthy magnetizable medium 28. Three
electromagnetic transducer head assemblies con-
structed in accord with the principles of the
bresent invention are received in the housing
88 with their pole pieces facing outwardly of
the forward wall 30e and received -in suitable
openings therein to ride against the medium 28.
One of these electro-magnetic transducer head
assemblies, indicated generally at 24, is an erase
head utilizing copper block 3§ Upon which is sup-~
ported the core 38 which in turn supports the
winding 40. The non-magnetic gap 42 defined
by the core 38 faces outwardly of the wall 30a
to receive the medium 28 as it travels there-
over. As seen best in the front view of Figure
8, the core 38 defines a tilted air gap 42 extend-

ing across the entire active face of the medium
- 28

The electromagnetic transducer head shown
generally at 44 includes the copper block 45
upon which is mounted the core €8 which de-
fines the non-magnetic gap 80 which is posi-
tioned to engage the medium 28 ag it travels
along the wall 38a. Windings 52 are disposed
on the opposed leg portions of the core 48.

The core 48 extends over only the upper half
of the active width of the medium 28 and is
thus effective to magnetize or reproduce from
only that portion of the medium 28. A kesper
member 54 of soft iron is mounted adjacent the
core 48 and in slightly spaced relationship there-~
with to confine the magnstic field asscciated
with current flow in winding 52 to the portions
of the core 48 upon which they act. Moreover,
this keeper member prevents induced voltages in
the winding 52 associated with magnetization in
the opposite half of the medium 28 as it travels

- over the head assembly.

75

The electromagnetic transducer head 56 is
like head 44 except that it is disposed to coact
with the lower half of the magnetizable portion
of medium 28 as it is seen best in Figure 8. A



keeper nieinber 60 is mounted in ahgnment with
the core 58 and in slightly spaced relat10nsh1p
therewith to confine the effécts of that core to

the lower portion of thé lengthy magnétizable

medium.

From the fo1eg01ng 1t will be ev1dent that
when' the medium' 28 travels from I&ft to rlght
as is seen in Figures 7 and-8 and the w1nd1ngs

48 of head 34 are energlzed with suitable hlgh‘

frequency erase currerts, the magnet1zat10n on
medium 28 is eraseéd and the entire faée of that
medium prepared for recordlng S1mu1tane—
ously, a time varying current ﬁowmg in- accord
with the intelligetices” may bé caused to take
place in the windihgs of’ Head’ 44 anid-head’ 56
The tilt of the -rion-thagnétic gap 42 of head 34

is proportiénieéd relative to the velocity of’ the_

medium 28 and the frequency of the erase cur-
rent flow to causé a phase dlﬁerence over -each
half of the width of medlum 28 substantlally
equal to an integral number of full'wave lengths,
thus preventing any p1c‘<-up ‘0f thé erase volt-
ages by the heads 44 and 56,

By tilting the gap 42" of erase head 38 by an'

angle correspondlng to a phase dlfference of sey=

eral ‘or moré wave lengths, any error in the t11t__

causes negligible pick-ip voltagée and ,more-
over, the tilt is more effective to. reduce random
noise. 'This résults froi “the fact that the mag-

nitude of the lnduced ‘voltage “associgted’ w1th,'

such errot bécomes’ very smgll as a large nium-
bet of ‘wavelengths areé “involved.

The medium 28 is diawn across the assembly

30 by rotating reels 62 inthe w1nd -up’ d1rect1on
'This can be’ accomphshed by an’ electrlc mot01
or other su1table meails (not shown)
bly a brake ot other device (not shown) is pro-
vided to oppose rotations of the reel from which

mediam 28 is uhwoliid to maintain’ med1um 28"

taut in the region between these resls.

By eliminatirig any effects assomated wlth the,,
erase current flow, I ami able to use g much lower

frequency erase current than would ‘ofherwise
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um I24 and urge it agamst capstan 126. The
arm I"o is supported by post 132 and is flexed
in the pos1t1cn shown to_provide pressure be-
tween medium, 124 ‘and head 128. The wires 134
from the head I28 lead ‘to the recorder 136 and
may, as shown be wound about the spring {30
to avord interfering with movement of that
spring.

Preferably, the capstan 126 1ncludes a massive
Welghb whlch acts to: mamtam the rotational
velomty thereof constant despite accelerating or.
deceleratlng forces Conseguently, the medium
124 is moved -ab a constant velocity across the
head i28 and thele 8. no opportunity for this
velocrty to dev1ate because :of the direct. engage-
ment oetzveen the head l28 and. the portion of
the medium 22 ‘bearing” against capstan 126.
The operatlon of the capstan 126 as a rotary.
stabllrzer is. mare. fully described in -my Patent
No. 2,418 043 entitled “Magnetic Recording and
Reproducmg Device,” assigned to the same as-
signee as the present invention.. |

The electromafrnetlc transducer head of the
present invention ‘has a very great advantage
when used in consunctmn with the structure of
Figure 11 inasmuch as it is light in weight and
consequently. does not create any -substantial
1nert1a1 opposltlon to movements of the tip of
the sprlnd arm 130 Consequently, the natural
resonant frequency of the spring 130 with. the
weight of the head 128, is very high and the en-
tlre nmt follows any variations in the medium as

it travels thereover

35

Prefera=

40

ke possvble and ‘even’ to ‘us€ an erase current

that is in the audlble range

Moreover it will”

be apparent to ‘those skilled in the ‘art that'if'a _
high frequency bias voltage is applied during re~

cording and that voltage is'in the aud1b1e range,

proper tilting of the record gap relatlve ‘to the

picksup gap subsequently used to plck up the:
intelligence may eliminate any audible signal re-

sulting therefrom. In addition, the record gap
may be tilted relative’ to the pick-up gap to pro-
vide a degree of control over the frequency char-
acteristics of the voltage induced in the pick-up
“head to equalize- disturbances in the frequency
response otherwise encountered.

50

An erase head operating at lower frequency-r

~ has the advantage of permitting greater air gap-
Moreover,.it is less dif=.

fiuxes and lower losses.
ficult to-saturate the magnetizable record medi-
um at low frequenmes

60

Figure 11 shows an ele‘ctromagnetlc transducer
head of-the present invention incorporated in .

5, complete magnetic recorder. -As indicated,

- reels 128 and 122 are.disposed. The medium
124 extends between these reels and is received

~65
the ‘recorder includes. a panel (18 upon which.

by the capstan 126. Drive’élétents (not shovvn) L

are prov1ded to maintain the’ medmm 124 taut
betw eer :the Teel 120 and capstan 'i26 and be-
tween capstan 126 and reel 12277 AN electromag-
netit transdiéer head 128, liké“that shown in
Figure 1 but without the block 24, is mounted on
the resilient arm {30 to bear against the medi-

posed between two gulde members 102 and 104
which’ recelve the overhanging edges .of the
medium as it travels oyer the head. In accord-
ance with one feature of the present invention,
the surface of the core 20 in the region where it
bears upon the medlum is  domed to rise above
the surface of the members 102 and (04 to cause
the medlum to bear snugly against the head 20.
This structure is best seen.in .Pigure 14 which.
is a cross—sectlonal view, through . the  axis

; XIV——-XIV of Flgure 13, but which, in add1t10n,

shows the medrum IBG in cross-section. As will .
be ev1dent from thls view, the surface of the.
core 20 is domed in the direction of the .cross-
sectlon and defines: a surface to engage the medi-
um . l|6 in such fashlon as to tend to maintain
the med1um in snug abutting relationship rela-
tive_thereto. .

Whlle the prlnclples of the present 1nvent1on
may he, in general more effectively practiced by
the use of an O-shaped head, such as that shown
in Figure 1, it is possible, of course, to use a rec-
tangular head Such ¥ head is. 111ustrated in
"‘1gure 12 and 1ncludes a core member 188 hav- .
ing a. rectangular window. {18 and a.slot £12 de-
fining & magnetrc c1rcu1t having an air gap.. The..
medium. |14 rides.across.the air, gap defined by
slot” 112 and varlatlons in magnetlzatron are -.
thereby 1mparted thereto The-. winding HG
controls the flux dens1ty in the core (18. :

Moreover, as show n-in Pigure 12; an aux111ary .
non-magnetic -gap 143 may be used: - Such gap--
facilitates winding the head, reduces hum pick~
up.from stray fields, and even further reduces
residual magnetization.:

By the-term “record playback head” I refer to
an electromagnetic transducer head intended to

- record 1nte111gence oh- a-moving magnetizable
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record médium or to reproduce intelligence there- -
from, or both, as distinguished from an erase
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head intended merely to restore a magnetizable
medium to uniform state of magnetization.

In the foregoing specification and the appended
claims I have used the term “magnetic recorder”
to desighate equipment operable to impart varia-
tions to the degree of magnetization of a mag-
netizable medium along its length in accord with
the time variations of the intelligence, equipment
operable tc reproduce as a time variation the
variations in magnetization along the length of
a magnetizable medium, equipment operable to
erase variations in the degree of magnetization of
a medium to restore it to a magnetically neutral
condition, or equipment selectively operable to do
one or more of the foregoing operations.

I use the term “magnetic” herein to designate
material having a high value of permeability as
compared to unity, the permeability of air.

By the term ‘“principal dimension” in the fore-

going specification and accompanying claims, I ¢

refer to the largest dimension of the electromag-
netic transducer head assembly. With the head
of the present invention, without the block 28
(Figure 1) this dimension is only a few tenths
of an inch. This dimension is a measure of the
mass of the head and the ability of the head ei-
fectively to operate with the structure of Fig-
ure 11.

Portions of the invention herein disclosed and
claimed are also described in my copending ap-
plication Serial No. 583,317, filed March 17, 1945,
now issued as Patent No. 2,478,308.

While I have shown particular embodiments of
my invention, it will, of course, be understood that

I do not wish to be limited thersto since many

modifications may be made without departing
from the spirit and copy of my invention. I,
of course, contemplate by the appended claims
to cover all such modifications as fall within the
true spirit and scope of my invention.

I claim as my invention:

1. A unitary electromagnetic transducer head
assembly comprising a member 1o receive a
lengthy magnetizable record medium for travel
in a predetermined direction thereover, a mag-
netic head having a magnetic core defining a
non-maghnetic gap whose transverse plane is dig-
posed at an acute angle with respect to the direc-
tion of movement of said medium, saigd core being
mounted to engage said medium as said medium
travels over said member, and an electromagnstic
transducer head having a core defining a non-
magnetic gap whose transverse plane is disposed
stubstantially at right angles with respect to the
direction of travel of said medium and positioned
to engage said medium as it travels over said
member.

2. A unitary electromagnetic transducer head
assembly comprising a member to receive a
lengthy magnetizable record medium for travel in
a predetermined direction thereover, 2 magnetic
head having a magnetic core defining-a non-

magnetic gap whose transverse plane is disposed

at an acute angle with respect to the direction of
movement of said medium, said core being

2,653,189
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i2

signal to be recorded, the relative difference in
angular orientation of said gaps of said two heads
being such that the variation in magnetization
imparted by said ‘magnetic head differs in phase
by many wave lengths of said signal across said

~ gap of said transducer head.
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mounted to engage said medium as said medium -

travels over said member, and an electromagnetic
transducer head having a core defining a non-
magnetic gap whose transverse plane is disposed
substantially at right angles with respect to the
direction of travel of said medium and positioned
to engage said medivm as it travels over said
member, means to excite said magnetic head with
alternating current: of predetermined frequency,
means to excite said transducer head: with the
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3. A unitary electromagnetic transducer head
assembly comprising a member {o receive a
lengthy magnetizable record medium for travel
in a predetermined direction thereover, a mag-
netic head having a magnetic core defining a non-
magnetic gap whose transverse plane is disposed
at an acute angle with respect to the direction of
movement of said medium; said core: being
mounted to engage said medium as said medivm
travels over said member, and an electromagnetic
transducer head having a core defining g hon-
magnetic gap whose transverse plane is disposed
substantially at right angles with respect to the
direction of travel of said medium and positioned
to engage said medium as it travels over said
meimber, the non-magnetic gap of said transducer
head being substantially 0.001 inch, the average
length of the flux path in the core of said trans-
ducer head being approximately 300 times the
length of the flux path across the last-mentioned
gap, and the material of the core of said trans-
ducer head having a coercive force of less than
G.1 oersted. '

4. A unitary electromagnetic transducer head
assembly - comprising g member tc receive a
lengthy magnetizable record medium for travel
in a predetermined direction thereover, & mag-
netic head having a magnetic core defining a
non-magnetic gap whose transverse plane is dis-
rosed at an acute angle with respect to the direc-
tion of movement of said medium, said cors being
mounted to engage said medium as said medium
travels over said member, and an electromagnetic
transducer head having a core defining a non-
magnetic gap whose transverse plane is disposed
substantially at right angles with respect to the
direction of travel of said medium and positioned
to_engage said medium as it travels over said
member, the material of the core of said trans-
ducer head having a coercive force of less than-
0.1 oersted, the non-magnetic gap of said trans-
ducer head varying within the range of from
substantially 0.0005 inch to 0.002 inch, and the
average length of the flux path in the core of said
transducer head béing no greater than 700 times
the length of the flux path across the gap thereof.

MARVIN CAMRAS.
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