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This mvent10'1 relates to magnetlc recordmg, and more
particularly to an improved multichannel prealigned . in-
tegral récording head, =

In accordance with the,mventlon, a novel apparatus is
provided for magnetic recording of an electric signal cur-
rent of varying magnitude enabling the recording of much
higher frequencies than heretofore possible by the prior

"My invention makes use of:a transverse recording on a
record “medjum, realizing thereby. a system capable of
recordmg signal-currents of vastly greater frequency range
than possible with longitudinal recording systems now. in
use. By transverse recording as used herein is meant the
'magnetizing of a'record medium moving over a magnet-
izing head having portions of a signal to be recorded dis-
tributéd “transversely  thereon. - Thag is to. say, each in-
‘dividual recording head records in the longitudinal mode,

-however, the signal is disiributed transversely by a multi-
plicity ‘of recording heads.  Transverse. recording is not
novel; on the other hand, such recording as used-herein
-in" conjunction with my ‘appar atus represents cons1de1-
_able improvement over the prior art.

In addition, my novel method of recording is an im-

sprovement. over the prior art. Briefly, .such method con-

“sists of applying a'signal to be recorded to a signal wind-
ing and not recording the signal until such time when a’

bias pulse is applied to the bias winding whereby the
- ‘system. then operates in’ the linear portion of the record
“medium ‘characteristic.. ' In: this- manrer, I ‘sticcessively
:.switch, .or.scan, the 51gnal over.a multiplicity of recording

K
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.. .For a better understanding of the invention the reader’s
attention is directed to the following detailed description
read in connectxon w1th the accompanymg drawings. In
which: :
FIGURE 1 is"a perspectwe v1ew of a.recording head
embodying my invention; .

FIGURE 2 depicts the characterlstxcs of the recordmg

@ media and .its effects on the principles embodied in my
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-heads and record in sections ‘transversely-on. the record.
‘ Accordmgly, an object:of the instant invention -is the

provision"of a magnetic transducer of improved -construc:
tion: and performance for mult1channel or. transverse re-~
-.cording:

Another object of the present mventxon is to prov1de
a novel multichannel high' frequency. magnetic transducer
embodying the. principle.of a*common :pole piece and
realizing much' greatér packing density thereby. . That is,

40

45

for a given tape width my invention affords a consider-

.ably greater number. of recording channels theréon.

Yet another object of'the:instant invention is to pro-
‘vide a novel multichannel high frequency magnetic trans-
ducer embodying the principle-of -a common pole: piece

60

wherein frequencies higher than heretofore posmble are

-recordable intelligibly. :

Still another object of theé present invention is to pro-
v1de a_ novel mult1channel magnetic ‘recording head em-
bodying the principle of the ' common pole piece wherein
recording is obtained by a novel bias pulsmg Aarrangement.

A further-object of ‘the instant invention is to.improve
the technique. of multichannel magnetic:recording by the
provision of my novel signal-scanning recording method.

Still a further object of the instant-invention is to -pro-
vide a-novel multichannel magnetic transducer embodying

' the principle of the common pole: piece:to record-a multi-
plicity of s1gnals 51multaneously on'a smgle record me-
dium,

Some of my objects.are accomphshed by formmg three:
" . core structures out of a magnetic:material such as ferrite,

mumetal, Hy-mu. 80,:or: the like. | One. core structure
forming the common pole piece: and the -other: cores; on

.. opposite sides of the common-pole plece, defining ‘a plu-

‘tality of magneti¢ recordmg channels.. in staggeled rela-
‘tionsh1p with respect to’ each other.
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“are infinitesimal:with the present state of the ast.

“tion . the: limit would be 1.08 -megacycles.

invention; .
‘FIGURE 3 is a perspective view of the preferred em-
bodiment of my mvent1on, -

 FIGURE 4 is a plan view of the preferred embodiment
of my invention encased in -a smtable potting matenal
and
FIGURE 5 is a sectional view of the preferred embodi-
ment taken along the lines 5—5 of FIGURE 4. - -

In approaching the problem of higher frequency record-
ing the three parameters which affect such 'frequency
namely, gap width, tape speed and number of channels,
lead one to.realize that the number of channels is the
most logical parameter to vary. This is especially true
since tape velocities are standardized and the gap widths
Also
higher tape speeds would result in greater head wear as
well as tequiring the use of larger reels of tape. . Accord-
ingly, my improved novel construction solves the problem
of frequency limit by providing, more efﬁc1ently, a greater
number, of recording channels. for a given tape width.

Before proceeding to a detailed description of the em-
bodiments.of my invention the novel concepts underlying
my invention, hereinafter to.be described in detail, should
be cons1dered As is: well known to those versed in the

-art of ‘nagnetlc 1ecold1ng the upper. frequency limit is

directly -proportional -to ‘the velocity.of the tape and in-

.vérsely. proportional to the gap width, . However in multi-
.channel muluplemng operation the frequency Hmit is
*_governed .by ‘the ‘Tatio of  the tape velocity- to the wave
Iength nult1phed by the number of channels:”

Expressed in methematlcal form:

VN

F=3X% (1)

""vyhe‘r’e F is the frequency; V is-the tape velocity; A is the

wave length; and N is the number of channels employed.

‘The _gap width is critical in that when the .wavelength
. (upper ‘frequency limit) recorded. equals thé dimension

of the gap width the amplitude of the recorded signal is

‘substantially zero. Accordmgly, in calculating the upper

frequency limit Equat1on 1 is generally reduced by a

‘factor of %5 thereby insuring a recorded signal of sufficient

amphtude That is to say, if said limit were solely de-

:termmed by.Equation. 1 ‘many of the higher’ frequency
signals ‘would for all practical purposes not be recorded.”

For example in‘one particular embodiment I construct-
ed-a 36 channel transducer having gap widths of 0.0005" -

“in.and employed a- tape  velocity “of 30 in. per second
"My calculated pract1cal frequency limit wasy .~

P
F=x@ % -
% 86
=005y Xz

~——j540,000 ¢.p.s. or .54 megaeycle
e ‘ (2)
It is noted that if Equatlon 1 were used in the calcula-
However, as
before described; a portion. of the signals form :54-1.68 .

megacycles would be unreprodumble
Referring to the drawings in more pamculanty, FIG-

- 'URE 1 shows a high ‘frequericy multichannel transducer

i "generally- designated by the numeral 1."

The transducer



- feristic:

- comprises three core sections, 2, 3, and 4.
“sections are all made of a magnetic material which may
be, for example, ferrite, mumetal, Hy-mu 80, or the like.
These . materials exhibit similar magnetic properties as
is known to those skilled in the art. ‘Ferrite is. a-homo-

geneous crystalline matetial composed. of ferric-oxide and

an oxide of another metal and Hy-mu 80 and mumetal
- are alloys composed of 79 percent Ni, 17 percent Fe and
- 14 ‘percent Mo.- The section 2 comprises-the common

pole piece and extends laterally along the entire width of
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channels would be reqmred to attam contlnuous duty cycle
N operatron

Theﬂ core

- One ty ype of switching system surtable for mclasron in

means 6A is shown in.Patent Number 2,698,875 issued
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- the head.. The common pole- piece 2 has-dccurately ma-~

chined and highly polished upper surfaces. . The:pole piece

2% also has annular grooves 8 at the midsection thereof -

adapted to receive a signal winding 5. Core structure 3 .

is also a magnetic. material, however, it has a‘ plurality

-of spaced upwardly extending, parallel, equidistant slots

" alongthe lateral extent of the upper portion thereof, -The
- upwardly extending legs 3’ defined by said slots: each
“have an annular groove 9 adapted to receive a bias wind-
ing 6. - Core structure 4 is identical to core 3 with the
exception that its upwardly extending legs 4" are displaced
one slot width with reference to core 3.such. that when
cores'3 and 4 abut the.common pole. piece Z on opposite
sides thereof, the magnetic recording.gaps defined by the
~legs of cores 3 and 4 are in a precise staggered relation-
ship- with. respect to- each other.
the.pole pieces-3 and 4 were butted, with their lateral

edges in the same planes, their legs 3’ and.- 4’ would pre--

cisely ‘interleave as for example like pressmg two combs
together,

As an illustration; if "

25

30

_URES 3, 4 and 5:

to J.. H. Greenwood. This: system employs several tet-

" rodes as gates to selectively apply voltage ‘to recording

heads -extending laterally - across a record medium. In

"operation, . these - tubes, noimally cut off, are. rendered

operational by pulses appiied to the screen grids (from an
impulse generator). Thus, a signal on the control grids
is apphed to the wmdmgs § which would be cornected to
the plates of the tetrodes.  In applicant’s case this signal
would be the bias signal and ifs magnitude after amplifica-
tion ‘would be sufficient to reach the “Q” point (see FIG.

~2) of the record medium characteristic. In this way, the

bias pulses, successively applied, cause the record:signal
to be distributed across the heads-and- thus to 1he record

medium.

The - description of the preferred embodrment of my
invention should be consideéred-in comnjunction with FIG-
- 'This- preferred embodiment of the
transducer. 1 embodies the same concepts disclosed with

“reference: to FIGURE: 1, however, -this embodiment is

more efficient in.that:losses occasioned by the air gaps
in the magnetic circuit are minimized.. This minimization
is effected by displacing the annular grooves 9 from the
faces of the individual pole legs 3’ and'4’.. In consequence
thereof the magnetic path 15 no longer- traverses two

" air gaps.  Another result thereof, is that the actual size
of ‘the pole face is shortened and more efficiently em-
ployed.

-’ "The pieces 3 and 4 ate butted to the commion pole '.

piece 2 on opposite sides-thereof such that the ‘bottom

portions of the sections are marntalned in mtrmate mag--

netic contract. The legs 3’ and 4’ of ‘the cores 3 and 4,

- on the other hand, are precisely dlsplaced from' the com- -

mon pole piece 2 defining a fine gap-11 on opposrte smes
of the upper portion of the common pole piece 2.7
" In FIGURE 2 I have shown the -characteristic of .a

FIGURE 4 deplcts a plan view of my transducer en-

.cased in a suitable potting material 7. “The gaps between

the common pole 2 and- the individual legs 3’ and 4’ of
core. structures 3. and 4 can be filled by suitable spacers
to insure constant gap widths.” In this embodiment copper
shims 18 were used, however, any surtable non-magnetic

< conductmg material may be used.

‘recording media and the manner of recording thereon in

accordance with the principles. of my invention.
solid lined sinusoids in the figure represent the hrgh fre-

“The ..
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“queniey s1gna.1 from - signal- source SA, applied to - the." "'_
- "around the periphery ‘of the common pole piece 2. The

_ common. pole winding 5 and the remanent ‘magnetization
~ produced thereby in the absence of bias. The dotted lined

" ‘sinusoids, on the other hand represent the algebraic sum-

_ mation of ‘the high frequency signal and bias pulses, and
‘thé remanent: magnetization produced thereby. - The bias -
pulses.being applied. to the windings 6 on the individual -

récording legs 3’ and 4.
individual channels via windings & the magnetization of
the ‘record  medium  would for -all practical purposes be

If no bias were -applied to the’

:substituted -therefor:

“In’another ‘'embodimient the common pole ‘winding 5
is-climinated: and:a continuous conductive gap spacer is
For eéxample;. the  copper shim 18
(FIGS. 4 and-5) would defifie a single conductive loop

high frequency signal would then be applied. to.the loop.
Likewise the individual bias windings are replaced by an
insulated, conducting gap spacer.. In this case the signal
and bias windings are eliminated and the gaps would con-

“tain two spacers, with insulation therebetween, function-

- ing as signal and: bias windings respectively. . Such in-
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insignificant as: shown' by the projected solid  sinusoid.: -

However, when. bias is applied to the Wmdmgs 6, in
sequence, .the quiescent . point would now be in the mid
range of thelinear portion of the record medium charac-
: Consequently, the amphtude variations of the
“-high frequency signal apphed ‘to wmdrng 5 are falthfully
- recorded.

“The circuitry of swrtchmg means 6A requrred to'sequen-

: v”trally apply the bias to the individual windings 6 form no

"part of the instant invention. ~That is, many equally suit-

" able arrangements for sequentially applying stich-bias may -

‘be employed within the purview of ‘skilled artisans. ~For

60

example, gate-circuitsfor each individual Wmdlng 6 opera- .

" “tive such that’a bias pulse would' be applied to the indi-

_vidual & operative such that:a bias pulse would be applied
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- 'to.the individital windings'6 in a predetermined sequence -
may be used. In this respect I have employed. gating cir- ~

cuits in a 36 channel embodimeént of my invention where-
in the bias pulses were of 0:2 mi¢rosecond duration’ at'a

v Thus, scanning
or sweepmg the 1nte1hgence to be recorded  across the ™ -

tape width sweep raté. of 10 krlocycles

“head.” - This résults:in limifed: duty-cycle operatron “With

0.2 mrcrosecond blas pulses and a 10 ke. sweep rate 500,

sulation ‘may: be “Teflon” -or.the like. - The gap spacers
acting- as bias windings would 1nc11v1dua11y encircle, on

three sides thereof_ their respective pole legs 3’ and 4'.

This embodiment - eliminates 'the lower portion of the
transducer thereby making the structure. physically and
magnetically more efficient.

Various modifications.. of that herernabove described
are .of course permissible. - In some instances it may be
desirable ‘to ‘record a plurality of signals' on individual
channels along the lateral extent of the tape. "In such
instance the individual signals Would be applied to the

_windings ¢ on the individual legs 3” and 4’ and the bias,

A.C. or D.C. would be-applied to the winding 5-on the

common pole piéce 2. Also my transducer may:be em-

ployed for stereophonic or multiplex recording. In such
case, so many channels' (windings 6) would be employed
to record the sound-emanating fromi’the “left” and the
remaining channels (wmdmvs 6) would record that sound
from-the “right. -

In another modification for multr-srgnal multiplex re-

: cordmg a carrier frequency is ‘applied to the signal wind-

ing 5 and low frequency. signals to windings 6. In this

\‘manner, operating at the knee of the characteristic (see

FIG. 2) the Tow frequency signals- amplitude-modulate
the carrier, " The srgnals applied to wmdmgs 6 may vary -

5 from DC to some frequency govcrned by the came*"
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frequency applied to the common pole winding 5. The
relationship between carrier and modulator frequency is
approximately one cycle of intelligence per ten cycles of
carrier. In this manner, acceptable amplrtude modula-
tion is insured.

It is noted that the above modifications, as well as
others which will occur to those experienced in this field,
do not depart from the spirit and scope of my invention
namely; -a multichannel magnetic transducer affording
greatly increased packing density accomplished by an im-
proved structure and novel recording method.

In accordance with my invention a 1,000 channel mag-

netic transducer is readily. feasible for 'a 2 inch record:

medium. In this case, the common pole piece 2 would
extend across the entire width of the medium.. ‘The pole
pieces 3’ and 4’ would each ‘contain 500 upwardly ex-
tending -legs 3’ and 4’ defining 1,000 single recording
channels. The legs 3° and 4" would be a fraction less
than 0.002 in. in width and are spaced apart 0.004 in.
~center o center.. The legs are laterally offset 0.002 ‘in.
on opposite sides of the common pole piece in face.to face
relation. The practical upper frequency-limit with a
0.0005 in, gap width and a tape velocity of 30 in. per
second would be 15 megacycles.

The. foregoing detajled description has been given for
clearness of understanding and no unnecessary limita-
tions should be understood therefrom. :

I claim as my invention:

1. A multichannel high frequency magnetlc head as-
sembly comprising: first, second and third magnetlc core.
structures, said first: core structure comprising a member
baving upper and lower portions, the lower portion of

said first core structure defining a solid continuous body

of ‘magnetic material, the upper portion of said first core
structure defining a plurality of spaced members of mag-
netic material integral ‘with said first lower core portion,
an individual bias winding separately wound on each of
the spaced members of the upper portion of said first core
structure, said second core structure defining a solid body
of magnetic ‘material having' continuous upper and

‘lower surfaces, a signal translating coil wound on' said "

second core, said third coré structure comprising a mem-
ber having. upper and lower portions, the lower portion

of third cere structure: deﬁmng a solid - continuous ‘body

of magnetic material, the upper portion of said third core
structure defining a .plurality of spaced members of mag-

netic material integral with said third core lower. portion,

an individua] bias winding wound on each of said third
core upper portions, the.lower -surfaces of said- second
core structure abuiting effectivély magnetically contact-
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6

a solid continuous body of magnetic material, the upper
portion of said third core structure defining a plurality
of spaced members of magnetic material integral with said
third core lower portion, an individual bias coil wound on

“each of said third core upper portions, the lower surfaces

of said second core structure abutting effectively magneti-
cally contacting a lower portion of the first and third
core structures respectively on opposite sides thereof, the
upper portions of said first and third core structures being
respectively spaced on -opposite upper surfaces of ‘the
second core structure thereby defining individual signal
translating gaps therewith, means for applying a high fre-
quency signal to said signal translating coil of an-ampli-
tude whereby the high frequency signal-is not normally
recorded, and means for predeterminately sequentially ap-
plying recording bias to the individual windings on the
upper portions of the first and third core structures to
effect recording of said signal.

3. A multichannel high frequency head assernbly com-
prising a common pole piece, a s1gnal winding wound on
said common pole, a first pole piece. having a plurality
of parallel legs extending upwardly therefrom abutting
one side out of the common pole piece such that fine
gaps are defined between the:legs and the common: pole
piece, a second pole piece having a plurality of parallel
legs upwardly exteriding therefrom abutting the opposite
side ‘of the common pole piece such that fine gaps in a
staggered relationship with respect to the first pole piece
are defined between the legs of the first and second pole
p1eces and the common pole, and an individual bias wind-

" ing -wound on each of the legs of said first and second
" pole.pieces.

35

4, In a multichannel high frequency head assembly for
use with a magnetic record medium means having a mag-
aetic transfer’ characteristic with a substantrally linear
por tion comprising: a common pole piece, a signal wind-
ing wound on said common pole piece, means for defining

" a plurality of gaps on opposite sides with each gap defin-
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ing a lower portion of the:first and’ third core sturct_ures .

-respectively on opposite sides thereof, the upper portions
of -said first and third core structures being: respectively
spaced on opposite upper surfaces of.the second core

structure” thereby defining individual signal translatmg-
gaps therewith, means for applying a high frequéncy sig-*

. nal to the'second core structure coil, and means for pre-
determinately sequentially applying recording bias to the
individual bias wmdmgs on the upper portlons of the first
and third core structures.

. 2. A multichannel magnetic head assembly comprrsma

- first, second and third ‘magnefic- core structures; said. first
" ‘coré structure comprising a.member having. upper and
lower portions, the lower portion’of said first core struc-
" ture defining a solid .continuous body of magnetic mate-
rial, the upper portion of said first .core structure defining
a plurality of spaced members of magnetic material in-
“-tegral with said first lower corée portion, an individual- bias

ing a separate non—overlappmg track along the transverse
extent of the record medium and means for md1v1dually
applying’ a bias signal of -amplitude sufficient to cause
operation in said linear portion the gaps defined by:the
last mentioned means.

5. In combination, a common pole piece having a plu-
rality of magnetic circuits with a multiplicity of magnetic
gaps defining separate non-overlapping tracks on.opposite

sides thereof- across -the transverse extent of a.record

medium having a magnetic transfer characteristic with a
substantially linear port1on, a common signal winding on-
said common pole piece linking all of said ‘circuits, an
individual bias winding on each of said: magnetic circuits,

- and means. for: applying a bias signal to said mdx\udLal,__

55

windings of amphtude sufficient to cause operation in said
linear portion in a predetermmed sequence whereby -a

signal to be recorded is distributed along the transverse

extent of said record medium as said medlum passes

fhereover,

.80
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coil ‘wound on each of the spaced members of the upper

portion of said first core structure, said second core strucs

ture definifig a solid ‘body of’ magnetic’ material ‘having’

70

““continuous upper and lower surfaces, a signal translatlng ,‘

structure _comprising ‘a iember havmg upper ‘and, Jower
: poruons the lower portron of thll‘d core structure deﬁmng

s ‘c011 wound on;'said second core member, said third core "

75;

6. In combination, a common pole piece hawng a plu—' B

rality of magnetic circuits with a multiplicity of magnetic -
gaps defining separate non-overlappingitracks laterally off- -
set-on opp031te sides theréof across the transverse extent .
of a record medium, having a magnetic transfer character-

.istic ‘with a substantially- linear portion, a common sighal

winding wound. on said common pole piece linking all
of said cireuits, means for applying a signal to be recorded
to said signal winding, an individual bias winding linked -
to each of said magnetic circuits, and means for applying .
4 bias signal ‘of amplitude sufficient to' cause operation

-in said:linear portion to said individual windings.in a pre-

determined ‘sequence whereby. the signal to be recorded
is dlstrlbuted along the transverse extent of-said record

“medium-4s said medium ‘passes thereover.

' 7. In combination,:a common pole piece having a plu-

- rality of magnetic-circuits with a:multiplicity of magnetic .~
gaps- definin g separate non-overlapping tracks w1th sa1d



. gaps laterally offset on opposite sides thereof across the
transverse-extent of a record medium, having a magnetic
transfer* wcharacterlstxc with a substantially linear portlon,
a- common signal winding on said common pole pisce

linking ‘all of said circuits, means for applying -a signal’

to be recorded to said signal winding, an individual ‘bias
winding .on each of the magnetic circuits, and means for
applying bias pulses of amplitude sufficient to cause opera-
tion in said linear portion to edch of - saxd wmdmgs to
effect recording of said signal.

‘8. In combinaticn, a magnetic core having a plurality
of magnetic circuits on opposite sides thereof across the

transverse extent.of a record medium, having a magnetic-

transfer characteristic with a substantially linear portion,
4 -common signal winding linking all of the circuits, an
individual bias winding on each of -the circuits, means
for applying a bias signal of amplitude sufficient to cause
operation in said linear. portion to each of the bias wind
ings, and means for applying a sxgnal to_be recorded to
the common signal winding.

-9. In combination; a magnetlc core having a plurality

‘of ‘magnetic circuits on- opposite sides thereof across the

{ransverse extent of a record medium, having a agnetic
transfer characteristic with a substantially »hnea; portion,
a common signal winding linking all of the circuits, an
individual bias winding on-each "of ‘the circuits,” means
for applying a signal to be recorded to said common signal
winding of an amplitude wheéreby said signal is not nor-
mally recorded and- means for applying a bias signal
of amplitude sufficient to' cause operation in ‘said’linear
portion to each of the bias windings to effect. recording.
10, In.combination, a magretic core having a plurality
of magnetic circuits on~opposite sides thereof across the
transverse extent of a record medium, having a magnetic
transfer characteristic with a substantiaily linear portion,
a common signal ‘winding lmkmg all ‘of the circuits, an

3,164,688
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ing linking all of the circuits, an-individual bias on each
of the circuits, means for applying a signal-to be recerded
of a low amplitude to.said signal winding so: that said
signal ‘is- not normally recorded, and means for- applying
a'bias pulse of amplitude sufficient to cause -operation in
said linear portion to each of the bias wmamga to eﬁ"ect
recording of said signal.

12. In combination, a common poIe piece’ having a
plurality of magnetic circiits across the transverse extent
of a record medivm, having a magpetic transfer character-
istic-with a substantially linear portion; a-common signal
winding on said common pole piece linking all of said

“fcircuits, means for applying a-signal to-be recorded to

15

said signal -winding of an amplitude. so that said signal
is- not normally recorded, an :individual- bias winding
linked -to each of-said magnetic circuits,”and means for
applying "a ‘bias signal of “amplitude sufficient to’ cause
operation in said linear portion to. said individual wind-
ings in-a predetermined sequence whereby the signal to
be recorded ‘is - distributed along the iransverse extent

of said record medium as said medium passes theregver.

13.°In combinati ion, 'a common pole piece having a
plurality of magnetic circuits across the transverse extent
of a record medium, having a magnetic transfer character~
istic. with a substantially linear portlon a-common signal
winding on said common pole picce’ linkirig " all of said’
circuits, means for applying’ a-signal to be recorded to

~..said signal-winding of an amphtude :such that said signal

30

individual bias on each of the circuits, means for applying .

- a signal to be recorded of an” ‘amplitude- Wlﬁeleby said

- signal is‘not normally fecorded, and means for applying
bias: pulses of amphtude sufficient to cause operation in
said linear portion to each of the b;as Wmdmgs to effect
rerordrng ‘ -

11..In combination; a magnetlc core having a pluraht v
of magnetic circuits across the transverse extent of a
record medium, having a magnetic transfer characteristic

with a-substantially linear portion, a common:signal wind-

is ‘not normally recorded, a ‘plurality of individual bias
wmdrngs connected “respectively to each of the -mag-
netic circuits; and means for applying bias puises. of
amplitude “sufficient to cause operation in said -linear

‘portion: to -each of said Wmdmgs to eﬁ'ect recordlng of

said ‘signal. .
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