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This invention relates to.the modification of
time-varying functions in accordance with pre-
selected patterns; more particularly, it relates
to electrical transducers of the types which are
known in the art as transversal filters.

The - behavior of electrical networks can-be
specified in two ways representing two different
physical points of view. Ordinarily, one thinks
first of the well-known steady-state point of

view which describes the network performance !

in terms of the concepts of amplitude and phase
response versus frequency. In addition to this
more conventional viewpoint there is the time
function viewpoint in which the network is de-
seribed in terms of its amplitude time response
at the receiving end resulting from the appli-
cation of an impulse of infinitesimal duration at
the sending end. Network response may thus
be considered either in terms of frequency or
time functions. The bridge between these two
avenues of approach is the Fourier integral which
may be thought of as a mathematical deviee for
expressing a time function in terms of steady-
state phenomena.

For the most part prior art practice has been
to base the design of communication networks
upon the steady-state frequency-amplitude char-
acteristics and an elaborate theory has been
worked out for such design procedures. The
networks thus obtained contain as elements, re-
sistances, inductances and capacitances, the fre-
quency and/or phase selective effects of which
are used in various combinations to secure de-
sired response characteristics,

On the other hand, when network design is
considered from the time function point of view,
that is when time rather than frequency is taken
as the independent variable, one is led to a broad
group of selective circuits whose principle of
operation does not depend upon resonant com-
binations of network elements.

Selective circuits embodying the time-function
concept have been disclosed in Patents 2,024,900,
December 17, 1935, 2,124,599, July 26, 1938, and
2,128,257, August 30, 1938 to N. Wiener and ‘Y.
Lee; in application Serial No. 731,232, filed Febru-
ary 27, 1947, by L. C. Peterson and R. K. Potter
and elsewhere in the art.

It is the principal object of this invention to
provide certain improvements in the art of modi-
fying given functions of time: in accordance with
desired patterns of amplitude, frequency, and
phase variation. : ‘

A more specific object of this invention is to
utilize magnetic recording and reproducing tech-
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niques and apparatus for modifying an impressed
electrical input in accordance with a preselected
admittance funetion,

A certain class of devices, known in the art as
transversal filters, substitute the time-function
approach for the convenfional steady-state ap-
proach in the simulation of network response,
operating through a series of steps which include
the following:

(1) Recording or storing the-input signal

(2) Weighting the stored record in accordance
with a predetermined multiplying funection; and

(3) Integrating the weighted increments of
record to produce a modified output

The present invention relates to a- transversal
filter comprising a magnetic recording and re-
producing system.

The function to be filtered is recorded on a
magnetic tape which is subsequently passed
through a reproducing system having a plurality
of spaced pick-up points. The amount of pick-up
is varied from point to point over the pick-up
interval in accordance with a predetermined
weighting function; and the weighted increments
of current from the respective points are con-
tinuously summed to produce the desired filtered
output current.

In accordance with one system of the present
invention, .a magnetic recording tape is progres-
sively moved past a magnetic recording device
comprising, a core longitudinally disposed with
respect to the recording taps, and separated
across the width of the tape into a plurality of
alternate magnetic and non-magnetic sections
or laminations which are cut by a laterally ex-
tending - air-gap adjacent to which the tape
passes. A coil, comprising parallel wires joined
at one end and connected at the other end to
an electrical signal source, is substantially aligned
above the air-gap so as to cut the separate flux
paths of the magnefic sections of the core,
whereby a multiplicity of substantially parallel
records of the impressed signal are produced on
the passing magnetic tape. The composite ree-
ord so produced is passed through a reproducing
device having a similarly subdivided core with
a laterally extending air-gap, and a reproducing
coil ‘aligned thereabove, which coil is shaped in
accordance with & predetermined weighting
function to receive varying amounts of flux from
the separate magnetic sections.  The coil is
coupled to an outpub circuit which serves to
collect and integrate the increments of induced
current. Either the air-gap in the recording de-
vice or that in the reproducing device is disposed
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at an oblique angle with respect to the direction
of travel of the recording tape, so that each of
the magnetic ssctions of the core in the record-
ing device is adjacent at any one time to a point
on the record representing a different instant
in the history of the input signal.

Several alternative forms of the system are de-
seribed.

Cther objects and features of the present in-
vention will be understood from a study of the
detailed specification hereinafter and the at-:
tached drawings, in which:

Tigs. 1(A) to 1(E) present a series of diagrams
illustrating the theory of operation  of trans--
versal filters;

Figs. 2(A) and 2(B) show graphs of two spe~
cific Alter characteristics;

Fig. 3(A) shows a composite magnetic record-
ing device operating on a moving magnetic - tape:
at a plurality of points disposed obliguely with
rvespect6-its dength;

Fig:-3(B): shows an energizing .coil adapted.for
insertion in the upper gap of:the-unit shown:in:
Fig. 3(A);

Pig: 3(C) shows a plan view of the.unit-shown .zj

i Fig.3¢A);

Fig, 4(A) shows-a-composite reproducing .de-.-

vice -similar-to $hat of ‘3(A) responsive to the .
moving magnetic tape at a plurality of operating:.
points swhich' are disposed. at- right -angles -to. its
length;
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Fig. 4(B)- shows an’energizing coil adapted for -

insertion-in-the upper-gap of:the. unit shown in
Fig. 4(A), which'is so -designed: as fo-vary the-
magnetic- induction:-at:the respective - points. of

operation in--aceordance- with .a -predetermined.=

weighting function;

Fig. 4(C) sHows a -plan-view. of the unit-shown
in Fig.4(A); and~

Fig: 4(D) shows the-curve of a typical weight-
ing function  utilized::'to shape the reproducing
coil:£6 of Figs. 4CA) and:4(B).

A concept-which may be helpful-in interpreting-
the -specification: and. claims hereinafter .is that
of the transfer-indicial admittance-of. a system.
This-quantity-is-defined by J. R. Cdrson.in. Elec--
tric Circuit Theory and the Operational Cal-
culus; McGraw-Hill, 1926;:page 14,- as thHe.ratio
of the.output current: of the system; exprassed. as
a timefunction;-to the magnitude. of the steady -
electromotive-force suddenly inserted- at.:the.in--
put-of thesystem at time £==0."

The - time-rate-of-change -of - the: transfer. in= -
dieial-admittance :defined above-is ‘a.function of:
time -designated-<g(f) . The-funection g() is var-
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jously referred:to in the-specification:-and claims--

hereinafter-as the “impulse-respense’” or .mersly:.
the “g-function” of a:system.-

Further . discussion -and -definition. of i certain::

mathematical coneepts, suchias that of-the “unit:
impulse,” which will be-relied on:in the dstailed:’
description hereinafter; will be:found in.volume
I of Tramsients -in-Linear Systems by Gardner-
and Barnes, John  Wiley and Sons, 1942, pages.
255-263. .
The broad. prineiples ‘upon- which :the: time--

function point iof: viewis-based ars-illustrated .

in:Figs.<1CA) to-1(B), to which reference-is now:

made.: Consider a . frequency -selective «network™.

such as ds illustrated.schematically. by N in Fig..
1(A).
wave E(#): shown in Fig.:1(8). whichiis any con=.

tinueus. function:. of . voltage : versus. time,:is dm-: -

pressedupon: the.input i of. the network... At:

Le -output -2 “thére will:then appear a-currend:.

Let us. assume; that: the complex voltage -
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wave which we designate as I(¢£). Now let it be
supposed that the voltage wave E(f) is split up
into a series of narrow pulses as shown in Fig.
1I(C). With this pulsed wave impressed upon
the input terminals 1, one should expect to ob-
tain at the output terminals 2 very nearly the
same current wave I(¢) obtained before.

Now referring to Fig..1¢D), assume:that there
is-impressed-upon:-the network:a ssingleé-pulse of
the sort inte which the voltage wave E(¢) has
been subdivided. At the network output ter-
minals.-2 there-now appears a function which
as the pulse width approaches zero is propor-
tional to.the “g-function” of the network as de-
fined- above.. It should be noted that any other
pulse of different -amplitude results in the same
approximate  “g-function” except that -its am-
plitude varies in proportion to the applied pulse
amplitude ‘and that moreover its time of occur-
rence depends on the time of pulse application.
Thus:it follows-as:shown in:Fig: 1(e) that in'the
limit thecurrent waveI1¢) which:appears-at.the:
output: terminals 2 as a-result of-the:application::
of:the.voltage: wave B () -al the input:terminal::
i is the sum. ofianumber of overlapping “g-func=-
tions” whose" relative: strengths or - amplitudes
vary -in-accerdance with-the--impressed- voltage::
wave:J({). . Using somewhat more:precise-lans-
guage:one can-say -that if the network: is:sub-~
jected:at the input 1 to an initial: pulse-at some
arbitrary. . time;: which for-convenience . may:be+
called zero, and if this pulse is-followed-by-others -
at specified :values of time; the total-response at::
the output terminals 2-at any later time will be-
the sum of the responses which -have occurred::
up:to-that time.

Thus two .important: principles: -applicable -to:-
this approach:to:-network. theory may bhe:derived::
from the above.: First, the-network response-to.
unit impulse-of infinitesimal duration- complete~-
ly_ determines: the response -to:any: other .input-.
wave.: Second;. the response-at- any.. tithe.-de- -
pends-upon.the-history of the-applied input wave:-
previous to the time in question so-that the past. .
history - must. ‘ba-available at least: over .a:time
interval - within ~which: the « “g~-function’ is:of::
appreciable -‘magnitude...

Therefore -the -networkcan -be ‘looked::upon-:
as.-a - circuit- for effecting -the : summation iof a -

. series of-time -displaced. “g-functions” in.which. -

the-individual: amplitude.of each of the respeec-:-
tive--“g~functions” iscproportional to :the -cor--
responding -time=displaced -instantaneous value:
of the impressed voltage-wave-E(L). . This.proc=-
ess. is:schematically. indicated.in. Fig.- 1(Ey.

Adopting -a -slightly -different:point:-of view-one:
can-also look-upon the output wave as represent- -
ing at: any time ‘a weightéd history or record-of-
the input wave where the “g-function* has acted
as the weighting factor:-

The foregoing statements may be sumimarized -
by deriving a mathématical expression” for the
network .response. to an- arbitrary driving force .
from .thHe assumption.that the .net behavior of.~
a linear system.at any. instant is.a.function of.”
the -linear superposition:.of all--the -responses..
which have occurred up to.that time.-counting.
from ..some :arbitrary  starting. point.- Assume,
for ‘example,. that a-network:is subjected .to-an .
initial  voltage pulse E(%): at the time ¢ =-0-and
that this.pulse:-is followed by others .at specified-.
values of time. Then the total responseat any:
later time. wiil be:the sum of:the responses which
have -occurred up:to-that. time,: due:allowance:
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béing made for the time at which dach pulse was
applied.

Let the time axis then be divided into short
intervals Ar of equal width, the electromotive
force E(i) being approximated by a series of
rectangular pulses applied for the duration of
each time interval Ar. The total response at a
specified time ¢ is then approximately the sum
at that instant of all the elementary responses
started previous to that instant. If the interval
Ar is very. small, that is, approaches zero as a
limit, the response at time ¢ to the first impulse
is . A7E(0)g(Z), where g¢g(f) is the response to
unit impulse or “g-function” as defined herein-
before, and where E(0) is the amplitude of the
voltage wave E(}) at time ¢=0. Consider now
the (n+41)th impulse. The response at time ¢
is E(nar)Arg(t—nAr). In this expression it
should be noted that nAr is the time of impulse
application.. The reason that the argument of
the “g-function” in this latter expression is
t—nAr and not ¢ is that this pulse does not come
into existence until the time nAr and the expres-
sion is only valid for the time equal to or greater
than nAr.
time scale to be denoted by =, thus »=nAr. The
current response 1(f) at the instant ¢ is the sum
at time ¢ of all elementary responses that have
occured between time equal to 0 when the fHrst
impulse was started and time ¢ as the length of

the time interval A+ approaches zero. Hence
- 7=f
I() =lim > E(t) Arg(t—+) (1)

A7) =0

By defiinition of an integral this may also be

written

I(t)-———J;tE(-r)g(t—r)dr (2)

or

I(t)=J:E(t——1)g(7) dr

This equation thus expresses the system re-
sponse to an arbitrary driving force in terms of
the response to a unit impulse, ‘that is, an ap-
plied pulse which in the limit approaches unit
area and infinitesimal duration. Thus it follows
that a knowledge -of the response ¢(¢) to a unit
impulse is sufficient to specify completely the
system performance. ‘This implies in particular
that the steady-state performance of a particu-
lar network may also be determined from a
knowledge of ¢(f) for that network. Suppose,
for example, that the network is a filter passing
3, certain band of frequencies.
merely a reflection of the fact that g(#) behaves
ih"a very definite manner. To illustrate this in
& general way, assume that a sinusoidal voltage
E (@) =FE sin wf, where E represents the steady-
state amplitude and w=the aigular frequency,
has been applied to the network at t=0; and
that all transients have died out. The steady-
state current can then be written as
I(t) =E|Y i (iw)] sin [wt—e(e)]=

Hayp(w) sin wt+Ebj(w) cos wt 3)
where Yi2(iw) is the transfer admittance between
input and output terminals of the selected net-
work and ¢(w) its phase angle. By writing
Y12(iw) =a12(w) +ib12(w), in which a2 and b2
are constants, the second of expressions (3) is
obtained.- An equivalent expression may also be
obtained from (2) or (2’') by inserting

E)=E sin ot

Assume an arbitrary point on the .

(2

This is then ~

Y

15

an
20

1
<

a0

k5
et

B3]

60

G5

75

and extending the range of integration to infinity
(which means that transient distortion has died.
out) one obtains, .

1) =E sin of L ® ¢os wlg(r)dr—

E cos wt J;)m sin wrg(r)dr - (4)
By comparison of (3) and (4) it follows that ‘
am(w)=J;m cos wrg(7)dr

and

(5).
b1z (w) = -—J(; sin wrg (7)dr

The points to be emphasized in general are, first,
that the Expressions 5 establish quantitative
relations between the frequency selection prop-
erties of the networks and the response to.unit
impulse excitation; and second, that both the
real and imaginary components of the transfer
admittance can be. calculated from a knowledge
of the response to unit impulse. This relation-
ship may also be further illustrated as follows:
Multiply the second of Egquations 5 with i, the
Imaginary unit, and add to the first; then use
Euler’s formula. The result is

Vi (i) =£°° g(r)e—iwrdy (6)

from which it follows that the steady-state
transfer admittance is the Fourier transform of
the unit impuise response. From a principal:
point of view, it is thus irrelevant whether fre-
quency selection properties  of -a network are
stated in terms of steady-state “frequency -re-
sponse to sinusoidal driving forces or whether
they are given as the time response to a unit
impulse. The frequency response. is merely the
spectral analysis of the time response to g unit
impulse. It also follows from (8) that

g(t)———%‘LWIYm(iw)[ cos [wr+0(w)lde  (7)

where Y12(iw) denotes the amplitude and ¢(w) the
phase of the steady-state transfer admitiance.
Equation 7 in principle allows g(#) to.be calcu-
lated from a knowledge of the frequency spec-
trum of the steady-state transfer admittance,
i e, from the amplitude frequency and phase
characteristics of the network. Moreover, we
have from (5)

g(¢) =% j(; a1n{w) cos widw
and

y o ®
g(t)y= - J[; bie(w) sin wide

Hence it follows that the time response g(¢) to
unit impulse is completely determined when
either the real or the imaginary component of-
the steady-state transfer impedance is specified
over the entire frequency range;

Stressing the physical interpretation of the
facts presenfed rather than the  mathematical
analysis, three steps are suggested by means of
which an applied input function may be modified
in- accordance with certain admittance charac-
teristics to produce a desired output response
without resort to the conventional concepts of
frequency selective networks. They are: :

(1) Recording or storage of the input wave;

(2) Weighting of the stored record by means
of selected g-functions; and

(3) Summation of the weighted record.
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These are fundamental steps which ‘can serve
as ‘building ‘blocks in frequency selective devices
operating on a time-function basis. It should
be noted that in arriving at these steps no refer-
ence has been made to vibrating systems such as
coil and condenser combinations nor has any use
been made of the concepts of amplitude and
phase versus frequency response. These con-
cepts have now been replaced by the single con-
cept of the “g-function.” In other words, the
physical phenomena conventionally -described by
the amplitude and phase versus frequency func-
tions are now described by the single function
g,

As concrete examples of “g-functions,” con-
sider two cases of functions in which the posi-
tive and negative values are symmetrical with re
spect to a certain value of time, say time To,
where To>0. Consider first-a low-pass filter hav-
ing a uniform transfer impedance equal to K
from frequency zero to a cut-off frequency we.
Outside this range it its assumed that no trans-
mission-oceurs. As a consequence of the-stipula-
tion of even time response, the phase shift §(w)
is linear and is given by the following equation:

9wy =-—aTo-+n2mr (§:))

For the low-pass filter under consideration
there is obtained a particular “g-function,”
which will be designated ¢1(f), by substituting
the above conditions in Equation 7 which relates
to the generalized function g(f), and integrating

the expression over g :chosen range of angulat:

frequencies from zero to we.

gdt)'::i—j)wc c¢os (wt—wTy)Kdew
or ¢10))]
V_cocK sin [w.(t—T)]
gl(t)—‘ p wc(-t*—To)
This function is shown as Fig. 2(A). It may be

demonstrated that the width of the main oscilla-
tory lobe is inversely proportional to the band
width fe. It is also seen that the received signal
reaches its maximum at the time {=To and that
the maximum response is proportional to the
area «cK under the amplitude characteristic.

As a second example we consider an idealized
band-pass filter of even time response and with
a flat amplitude characteristic between the cut-
off frequencies we, and we,(we,>we,). Outside
this frequency range it is assumed that no trans-
mission can take place. From (7}, substituting
the conditions imposed by Equation 9, and inte-
grating over the anguler frequency range from
we; 0 we,, there is obtained a function which will
be designated g2(f), which represents the par-
ticular case of the generalized “g-function” g(?)
as applied to an idealized band-pass filter having
the above characteristics.

K (- .
g t)==1] ¥ cos (wt—wl)dw
7 Jo.,

which may be reduced to
wK sin ————w(t To)

T w(t—'To)A

2

Here w represents the band width wc,—we,- and
wm the arithmetic mean of the two cut-off fre-
quencies we, and we, and may thus be considered
to coincide with the mid-band frequency. Equa-
tion 11 which is roughly plotted on Fig. 2(B) rep-
resents an amplitude modulated carrier wave

g2(1) cos w, (t—To) (11)
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with a ‘carrier frequency equal to that ‘of mid-
band. The maximum response occurs at t==To
gnd {is proportional to wK which is thearea un-
der ‘the amplitude response characteristic ‘and
the Tength ‘of the main -oscillatory lobe is

4_[

w

which is invérsely proportional to the band
width.

The ‘examples selected show that several-im-
portant properties of the steady-state charac-
teristics ‘can be obtained directly from an in=
spection of the plots of the “g-functions.” -Tt-must
be eriphasized, however, that too much signifi-
cance ‘cannot be dattached to the calculated “g=
functions” since they-are based upon‘assumptions
which -cannot be realized. ‘On the other hand,
the general ‘qualitative and quantitative proper-
tigs ‘of the “g-functions” for the filters in ques-
tion are believed to have been preserved, al-
though one is not justified in attaching too much
significahce to any of the finer detdils.

The ‘computation ‘of the “g-function,” as dis=
cussed hereinbefore, has necessarily been in'broad
general terms, with several specific applications
by way of illustration. From the previous ‘dis-
cussion, the procedure will be apparent to those
skilled in ‘the art for uniquely ‘computing “g-
fiinctions” to comply with specific ‘sets of condi-
tions imposed in other particular cases than those
discussed.

In accordance with the present invention, the
functions outlined hereinbefore, namely, (1) re-
cording or storage of the inptit wave, (2) Wweight-
ing of the stored record by means of selected
“g-functions,” and (3) summation of the weight-
ed record, are ‘carried out in a System comprising
magnetic recording and reproducing units oper-
ating simultaneously at & plurality of separate
points on a moving magnetic tape.

in a preferred embodiment, élements of which
are shown in Figs. 34, 3B, and 3C, and Figs, 4A,
4B, and 4C, the miagnetic tape is moved past
a paif of composite rzcording and reproducing
devices, each of which comprises a single com-
plex unit. adapted to simulianeously opérate on
the tape magnetically &t a multiplicity of points.
The recording device, shown in. the typical em-
bodiment of Fig. 3A, comprises a pair of pole-
pieces longitudinally disposed with respect. to the
moving tape se as to substantially form a hollow
parallelepiped, the base of which is adjacent
the surface of the moving tape and extending
obliquely thereacross. For the purposes of illus-
tration,. the tape may be assumed to be moving
in a horizontal plane. The tapered tape con-
tacting members of the pole-pieces are separated
by a narrow air-gap which extenids obliquely
across.the width of the tape, aligned above which
is a.broader gap or recess between the upper por-
tions of the pole pieces, into which is- fitted a
shaped element containing the recording coil. By
means of a series of vertical planar non-magnetic
separating elements, which extend parallel to the
length of the tape the pole-pieces are divided
across the width of the tape into a plurality of
separate magnetic cireuits, each responsive to
operate on a different section of the moving
magnetic tape.

Fig. 3B shows. in perspective the element con-
taining the recording coil which comprises a
matrix element shaped to fit into the obliquely
extending upper recess between the pole-pieces.
Moulded inte the matrix element in a plane
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aligned with its long dimension ig a pair of sub-
stantially straight parallel wires which are joined
at one end to form g loop, the open end of which
is coupled to the input signal source as shown in
Fig. 3A.

Fig. 3C shows a plan view of the recording de-
vice of Figs. 3A and 3B. On the magnetic tape
emerging from the device are indicated a plu-
rality of longitudinally displaced records of the
impressed input function. )

The magnetic reproducing device shown in Fig.
4A comprises a pair of longitudinally disposed
magnetic pole-pieces in contact with the moving
magnetic tape from the recording device of Fig,
34, and divided into a corresponding number of
vertical planar magnetically responsive sections
or laminations across the width of the tape. . The
reproducing device is similar in form to the re-
cording device of Fig. 3A, except that the tape
contacting base thereof is rectangularly shaped,
so that the lower gap between the pole-pieces
extends across the width of the tape normally to
the direction of motion and the reproducing coil
mounted in the upper gap is critically shaped as
shown in Fig. 4B,

Fig. 4B shows a sectional view of a typical ver-
tical-planar reproducing coil long enough to
embrace all of the magnetic laminae, which is
mounted in a matrix element similar to that of
the recording coil of Fig. 3A, and which com-
prises a pair of wires bent into a series of loops
in a vertical plane, the respective vertieal di-
mensions of the loops corresponding to the co-
ordinates-of a. chosen weighting function. The
reproducing coil of Fig. 4B in its shaped matrix
element is mounted in the upper gap between
the pole-pieces of Fig. 4A ag shown.

Fig. 4C shows a plan view of the reproducing
unit operating on the multiple-record magnetic
tape which is moved past its contacting base
members at a uniform rate, whereby weighted
increments of current are induced in different
portions of the looped reproducing coil and con-
tinuously integrated in the output circuit pro-

" ducing output current filtered in accordance with
a desired characteristic,

Referring in detail to Fig. 3A of the drawings,
the recording tape | comprising a paramagnetic
material such as stainless steel, having a width of
several inches, and a thickness of the order of a
few thousandths of an inch, is moved at a uni-
form rate from left-to-right across a given space
interval by conventional means, such as, for ex-
ample, the toothed wheels 2 and 3 which are
synchronously driven by driving means, not
shown, to rotate in a clock-wise direction operat-
ing on peripheral notches in the tape I. For con-
venience of description, it will be assumed that
the tape { is moving in a horizontal plane, and
the other elements of the system will be described
as assuming positions relative to a horizontal
position of the tape, on which they will be as-
sumed to have their bases.

The magnetic recording unit of Fig. 3A com-
prises two laminated pole-pieces 4 and 5 ahout an
inch high, which are formed with inwardly ex-
tending flanges at the upper and lower ends,
whereby their cross-sections are C-shaped. In
each of the pole-pieces 4 and 5, the edges of the
bases in contact with the tape { are in acute an-
gular relationship, whereby, when the units are
combined they substantially form a hollow par-
allelepiped extending obliquely across the width
of the tape I, the lower inwardly extending
flanges thereof being tapered to include an ob-
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liquely extending air-gap I having a dimension
of a few thousandths of an inch in the direction
of passage of the tape thereacross. 'The spacing
between the pole-pieces 4 and 5 broadens out to
of the order of one-half inch between the mid-
sections, and narrows down to an upper recess
12 between the upper flanges having a width and

.depth of the order of one-eighth of an inch, the

upper recess (2 being aligned over the lower
gap 1. ‘

The pole-pieces 4 and 5 are subdivided -across
the width of the tape along .the gap il.and the
recess 12 into an equal number of vertical mag-
netically responsive sections.or laminae § and 1,
comprising for example, soft iron by non-mag-

‘netic separating sections or laminae, 8 and 9,

comprising. for example, brass. The magnetic
and non-magnetic sections. 6, 7, and 8, 9 have
equal width dimensions of a fraction of an inch
each, so that the over-all dimension of the re-
cording unit across the tape, depending on the
number of sections, is of the order of two inches,
and the over-all dimension along the tape is of
the order of one inch.

Fig. 3B shows a perspective view of a matrix
element {3 which fits into the recess 12. The
matrix 13 may comprise either magnetic or non-
magnetic material in which is embedded the re-
cording eoil 14, comprising parallel wires forming
a loop, which extends somewhat beyond the
length of the recess [2. As shown for clarity,
the coil {4 may comprise a single loop or, prefer-
ably, many windings. In either case the shaping
of the coil should be maintained so that the area

5 enclosed is substantially a parallelogram disposed

- In a vertical plane aligned with the long edges
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of the matrix element 13. The open end of the
coil 14 is coupled through.the transformer 1§ to
the signal source (5, which may comprise a con-
ventional generator of electrical signal current
having a characteristic which varies as a func-
tion of time, on which it is desired to impress
modifications in accordance with the teachings
of the present invention. The biasing circuit 17,
which is connected in parallel with the signal
source (7, represents a conventional generator
of oscillating Biasing current, which has a fre-
quency of the order of two or three times the
highest’ frequency of the signalling source 15,
and which when superposed on the input signal
has the effect of increasing the linearity of re-
sponse of the reproducing system.

From the plan view of the recording system
shown. in Fig. 3C, -it'is seen that a plurality of
parallel spaced records I, II, III, and IV corre-
sponding to the number of magnetic recording
elements, are produced, such that points a, b, c,
and d, representing identical instants in the
history of the impressed input function appear
in oblique relation across the width of the tape {.

The tape !, bearing the multiple records of the
input function impressed from the signal source
{5, is passed at a uniform rate through a mag-
netic ‘reproducing system, such as will be de-

5 scribed in detail with reference to Figs. 4A, 4B

and 4C of the drawings. The tape | of Fig. 4A,
which may be considered to be an extension of
the tape | of Pig. 34, is driven by the toothed
wheels {8 and 19 which are driven synchronously
with the toothed wheels 2 and 3 of Fig. 3A.

The magnetic reproducing unit of Fig. 44,
which is disposed with its base adjacent the mov- .
ing tape I, comprises laminated pole-pieces 20
and 21, which are sub-divided into respective
magnetic and non-magnetic sections or laminae
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22 23 and 24, 25, corresponding in number to
the elements of the pole-pieces 4 and § of Fig.
34, and similarly shaped and dimensioned. there-
to, excent that the base of the reproducing unit
is substantially rectangular, whereby the lower

[+

gap .26 adjacent the recording tape, and the co- -

aligned upper recess. 21 extend across the width

of the tape in a direction substantially normal
to. the length of the tape I.

Fig. 4B shows in side elevation a matrix ele-
ment. 28 which. fits into the recess 27, and which
may comprise either magnetic or non-magnetic
material, such as the element 13 of Fig. 3B. In
8 vertical plane parallel to the long dimension
of the element 28 is embedded the reproducing
coil 28. The coil 29 is formed into a series of
loops the vertical dimensions of which respective-
1y vary in accordance with the ordinates of a
chosen ‘“‘g-function.” The form of the coil 29,
as shown by way of example, corresponds to a
typical “g-function” such as shown in Fig. 4D,
and the form of which is computed in accord-
ance with the teachings set forth in the early
part of the specification. The respective wires
are insulated from one another at each point
of crossover. It is noted that the relative posi-
tions of the input and output wires in each of
the loops determines the polarity of the induced
current whereby the recording unit is adapt-
ed. to utilize weighting functions having com-
panents of either or both signs. The open end
of the coil 29 is. connected through the trans-
former 3! to the outnut terminals 38.

The plan view of Fig. 4C shows the assembled
reproducing system, including the tape | bear-
ing, a plurality of parallel magnetic records T,
II, IIT, and IV of the invut funetion, which
correspond in number to the separate magnetic
circuits in the recording and reproducing de-
vices, and which are displaced. in time, so that
the points a, b, ¢ and d, representing identical
increments of the impressed input signal are fed
through the gap 26 obliguely arriving at different
instants in succession.

Assume: that the signal at.each of the pomt@
a, b, e and d. on the identical parallel records
T, IT, IIT and IV is represented by E (f5) and that
an. inferval of time f=AT is required for the
magnetic tape | to move from a position in
which point ¢ on record I is adjacent the gap
26 to.a position in which b on record I is there-
adjacent; and, moreover, assume-that a time in-
terval, »=4AT, representing the time duration
of the chosen “g-function,” is required for the
projected distance from a. to d to be traversed
by the motion of the tape.l.

Assume. also, that the coil 28 representing the
function ¢g(#) is.so positioned in the gap 21 that
its vertical cross-sectional dimension directly
above record No. T is g(fe), above record No. IT
is 9(AT)., above record: No. III is ¢g(2AT), and
above record No. IV is. g(3AT).

If the instant when a is adjacent the gap 28
is selected as =0, then the magnetomotive forces
impressed: on. each of the respective magnetic
circuits: by the moving tape | at that instant
are as follows:

By record No. I, Mi=E ({o) ;

By recerd No. IT, Mu=F (fo—AT);

By. record. No. ITI, Mur=E(to—2AT) ; and
By record No. IV, Miv=FE ({o—3AT).

Therefore, the current induced in an element
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Ar of the coil 29 by each of the respective mag-
netic circuits is as follows:

It=aE (10) g(3t0) AT

Irt=cE (to—AT) AT

Ir=aF (fo—2A7) g (2A7) Ar; and

Itv=aE (fo—3A7) g(2Ar) Ar, where o is determined
by the constants of the system.

Now if the output currents represented above
are summed and the sum presented in generalized
terms indicating a recording and reproducing
system having n magnetic circuits, the total out-
put current at time =0 may be represented as
follows:

T=NAT
I o= 2;(\) E(t—7)g(r)Ar (12)
—

In the above equation, r varies through:integral
values from § to nAr, where nAr is the period
required to completely represent the chosen
“g-function.” )

It is thus seen that the output current at.each
instant represents an approximation. of the re-
sponse integral of the form given in Equation
2 in the early part of the specification.. It is
thus. apparent that the magnetic recording and
reproducing device described in the foregoing
paragraphs can be constructed in such form as
1o simulate the transfer impedance of any chosen
netwerk, if the recording coil 29 is constructed
0 represent the “g-function” corresponding: to
the desired admittance characteristic. Although
in order to simplify description the recording and
reproducing units of Figs. 3A and 4A have. been
disclosed as each comprising only four magnetic
circuits, a practical system in accordance. with
the present invention would preferably comprise
many times that number.

Assuming. that the velocity of the recording
operation is egual to the velocity of the reproduc~
ing operation, the obliquity of the air-gap (.1 and
the recess {2 in the recording device of Fig. 34,
should be such that the projected distance along
the edge of the tape between points a and d is
preferably made at least equal te 7, the dura-
tion of the chosen “g-function.” WMoreover, if
the ratio of the reproducing velocity to the re-
cording velocity is other than unity, the projected
distance X between points ¢ and d should. pref-
erably be made at least equal to. - multiplied by
this. ratio.

The principles of the invention may be. equally
well applied to a system: in which. the recording
gap 44 and the recess 12 are disposed at. right
angles to the direction of motion of the tape,
and the reproducing gap 26 and the recess. 27
are disposed obliquely with respect. to the tape.
It is also apparent that the same resultant. out-
put current may be obtained by shaping the re-
cording. coil {4 in accordance with the chosen
“g-function” instead of the reproducing coil 29,
as disclosed.

Moreover, other variations: of the invention
will ke apparent to those skilled in the art, such
as. a system utilizing a single magnetic record
of the input function which is passed through. a
reproducing device having an air-gap dispoesed
along the length of the tape, and operating at a
plurality of pick-up points therealong.

From the foregoing discussion, it will be ap-
parent that the principles of the present inven-
tion can be embodied in many other forms. than
those specifically disclosed herein.

What is claimed is:

1, In a magnetic recording-reproducing sys=.
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tem in combination, a magnetic recording tape,
an electromagnetic recording device which in-
cludes a core comprising alternate laminae of
magnetic and non-magnetic material, said core
constructed to include a pair of elongated gaps
which cut a plurality of said laminae, driving
means to progressively move said magnetic re-
cording tape in transducing relation to a first one
of said gaps in said recording device, an electrical

signal source, an elongated recording coil recessed 1

in the second gap of said recording device with
its major dimension in transverse relation to the
magnetic laminae of said core, said recording
coil disposed in flux linking relation to a plu-
rality of said laminae, said recording coil coupled
to said signal source whereby a plurality of mag-
netic records of said signal corresponding to the
number of said laminae are impressed on said
recording tape by said recording device, an elec-
tromagnetic reproducing device disposed to re-
spond to the plural magnetic records of said
tape, said reproducing device including & core
comprising alternate laminations of magnetic
and non-magnetic material, said core including
a pair of elongated gaps which cut a plurality
of said laminae transversely, said driving means
disposed to ‘progressively move said magnetic
recording medium in transducing relation to the
first one of said gaps in said reproducihg device,
an elongated reproducing coil recessed in the
second gap in said reproducing device with its
major dimension in transverse relation to the
magnetic laminae of said core, said reproducing
coil disposed in flux linking relation to a plu-
rality of said laminae, and an output cireuit in
energy transfer relation with said reproducing
coil.

2. In combination with a magnetic recording-
reproducing system which includes a magnetic
tape having a recording surface, a magnetic
transducer operative on said tape which com-
prises a pair of elongated core members of C-
shaped cross-section which form a hollow struc-
ture including s pair of elongated gaps extending
in a direction transverse to the length of said
tape, only one of said gaps disposed in transduc-
ing relation with said recording surface, said core
members separated in said transverse direction
into a multiplicity of separate magnetic circuits
comprising laminations of magnetic material ar-
ranged in alternating relationship with lamina-
tions of non-magnetic material, said laminations
disposed in a series of parallel planes substan-
tially normal to the long dimension of said gaps,
a matrix element dimensioned to fit into a second
of said gaps and substantially coextensive there-
with, an elongated coil substantially coextensive
with the long dimension of said matrix element
and inserted therein in flux linking relation to
each of said magnetic circuits.

3. A magnetic transducer in accordance with
claim 2 in which the major axes of said gaps are
obliquely dimensioned with respect to the direc-
tion of travel of said tape.

4. A magnetic transducer in accordance with &

claim 2 in which said coil is shaped along its
length to enclose a multiplicity of juxtaposed
areas of different dimensions adjacent respec-
tively different ones of said laminae in a cross-
sectional plane defined by the length and the
depth of said second gap.
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5. A magnetic transducer in accordance with
claim 2 in which said matrix element is readily
movable from said second gap.

6. A magnetic transducer comprising in com-
bination a hollow core comprising a stack of al-
ternately magnetic and non-magnetic laminae
having two gaps therein extending through said
laminae lengthwise of the stack and dividing the
core into two portions, a magnetic recording rib-
bon, said core disposed with one of said gaps ex-
tending transversely ascross said magnetic ribbon
in fransducing relation therewith, and an elec-
trical circuit disposed in the other of said gaps
linking the flux paths between juxtaposed ends
of the several magnetic laminae in varying pro-
portion and polarity.

7. Asystem in accordance with claim 1 in which
an oblique angular relationship exists between the
directions at which the gaps in said recording
device and said reproducing device respectively
extend across the width of said tape.

8. A system in accordance with claim 1 in
which at least one of said coils is shaped to inter-
cept substantially different amounts of flux adja-
cent different ones of the laminae in the respec-
tive core.

9. A filter system comprising an input circuit,
an output circuit, a magnetic recorder and 2
magnetic reproducer disposed at spaced points
along a movable magnetic record carrier in wave
transducing relation therewith, said recorder com-
prising a unitary structure having a multiplic-
ity of distinct portions all coupled to said input
circuit and adapted to record at respectively dif-
ferent corresponding laterally separated points
on said magnetic record carrier whereby an elec-
trical signal appearing in said input circuit is
simultaneously recorded .in respectively corre-
sponding laterally separated tracks along  said
magnetic record carrier, said reproducer compris-
ing a unitary structure having a multiplicity of
distinet portions all coupled. to said ouput circuit
and adapted to reproduce from respectively dif-
ferent corresponding ones of said laterally sepa-
rated tracks, said reproducer portions being dif-
ferently spaced from said recorder portions
whereby the signal reproduced by each of said
reproducer portions is in time-displaced relation
with the signal reproduced by each of the other
said reproducer portions, said coupling to at least
one of said circuits being varied from one {o an-
other of said multiplicity of portions in accord-
ance with a predetermined weighting function.

RALPH K. POTTER.
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