Dec. 1, 1964 D. E. RICHARDSON 3,159,718
METHOD AND APFARATUS FOR ELECTROSTATIC
RECORDING AND REPRODUCING
Filed Oc¢t. 5, 1959 10 Sheets-Sheet 1

i !
7 | gj’ﬁ ”lﬂil'”‘ir i
M a2l

hﬁkﬂ%w:~ﬂh~ “mhé |
i |

P

illn ;Hl

i

1

f

i

mt | E{ n ‘ |
yarl } H!' T a
a ‘14,;];’ “‘lii”%'”iinm\i“ 41 W' I

/]

e

()

= LA mﬁi% :
I 52 ps |
l == imMy\m |

vl
|

Ry

i

)

=

Wy

2

el

[ 77 e 2l

D(mq/a’ E. Pichardson




3

7

3,159,718

10 Sheets-Sheet 2

Lz

D. E. RICHARDSON
D-APPARATUS FOR ELECTROSTATIC

RECORDING AND REPRODUCING

METHOD AN

57
(T2 =277 o

\Domald F. Kichardson

L"""""_T_""""‘ e

Dec. 1, 1964

Filed Oct. 5, 1959

Qézirﬁnu-ug{ 5Z§L;»,aé, Jéitdb;"“ﬁs;fe;"‘:25227f

AMPLIFIER
~

e

Zrr



Dec. 1, 1964 D. E. RICHARDSON 3,159,718
METHOD AND APPARATUS FOR ELECTROSTATIC
RECORDING AND REPRODUCING
Filed Oct. 5, 1959 10 Sheets-Sheet 3

- AMPLIFIER

¢ 3 49/7 89‘) _E /Z

Imcaivrz
! |92 ;
+{}/—2 | T
6(,/'_—] r"\i ¥ Z3 i
2 | j _______}
L
AMPLIFIER
=z /3
93:}
/- _
l .
34/\ | [ enlar
__ﬂ___

])ozza/a’ £ Fichardson




Dec. 1, 1964 D. E. RICHARDSON : 3,159,718
METHOD AND APPARATUS FOR ELECTROSTATIC

RECORDING AND REPRODUCING
Filed Oct. 5, 1959

10 Sheets-Sheet 4

Ll M4
%
/kL
u IEW »
45 .
o+

______ |
7| i
AMPLIFIER

T

by

Donald E. Richardson
B Tt o, T, ooyl 1=




3,159,718

RICHARDSON

METHOD AND_ APPARATUS FOR ELECTROSTATIC

D. E.

RECORDING AND REPRODUCING

Dec. 1, 1964

10 Sheets-Sheet ©

Filed Oct. 5, 1959

#3

230

N B

75
/‘

|
7—2-7 V/:77Z-/7W

Donald E. Eichardson

/29

L




3,159,718

ATIC

D. E. RKCHARDSON
PARATUS FOR ELECTROST

METHOD AND AP
RECORDING AND REPRODUCING :

Dec. 1, 1964

Filed Oct. 5, 1959

10 Sheets-Sheet 3]

?75_7-22

il

4
\

!

\

-
|

Donald E- Richardson

Ve

=~



Dec. 1, 1964 D. E. RICHARDSON 3,159,718
METHOD AND APPARATUS FOR ELECTROSTATIC

RECORDING AND REPRODUCING
Filed Oct. 5, 1959 ‘ 10 Sheets~Sheet 7

:2932f57"2?15

> DC
RECORDING BIAS PREBJIAS

AMPLIFIER /éé

= by —4 77[[72_’

| Donald E. Richardson



Dec. 1, 1964 D. E. RICHARDSON 3,159,718
METHOD AND APPARATUS FOR ELECTROSTATIC
RECORDING AND REPRODUCING

Filed Oct. 5, 1959 10 Sheets-Sheet 8
100
Q
90 £
300
FIG >
.28, . |
Ly 1301
60 AN 7
50 / /

» Zé"‘% )/‘\-302
‘ / /f——xl

0.017 AND BY Sy IN (MILS)™ FOR CURRENT

VALUES OF ISgiN DIVISION MILS! MULTIPLY BY

© 30
& / 4
¥ 4
; 20
H (
g 10
= /
x Vi
0
z 400 600 800 1000 1200 1400

ELECTRODE VOLTAGE

ELECTRODE GCURRENT PLOTTED AGAINST ELECTRODE
VOLTAGE FOR 1/4, 1/2, AND | MIL MYLAR— A
TAPES. SPEED I5 INCHES PER SECOND.

F1G.3l.

CHROMIUM PLATED
KNIFE EDGES

TAPE

DIAGRAM OF CONNECTIONS FOR
MEASURING THE MOTIONAL [INJECTION
5— WIRE #225 EJECTION CURRENTS. OF MYLAR

BACKING
ELECTRODE

INVENTOR

aa— FOR MEASURMENTS OF '
DONALD E. RICHARDSON

INVECTION CURRENT i,

bb FOR MEASURMENTS OF

EJECTION CURRENTS i BY M% (f A ih,?ﬂ, im 4'7/ it

ATTORNEYS



Dec. 1, 1964 E. RICHARDSON - 3,159,718

D.
METHOD AND APPARATUS FOR ELECTROSTATIC
RECORDING AND REPRODUCING :
Filed Oc¢t. 5, 1959 10 Sheets-Sheet S

180 /
160 /
TAPE CONSTANTS ‘ 8
K= 3.2
S =0.00025 IN.
U= 3.7 N
140 u'= 3.75 IN/SEC
° .
eS8 PREBIAS 305
@ -1000 VOLTS
[@]
W,
1
. 120 /
6 (o)
o ,
. \
® 100 /
a - » ;
-
wd . .
2 306
, 80 v
(o] .
; , AR
Wt
(14
3 /
© 60
[
8 NO
& PREBIAS
=
b
- 40
~ /
20 ' /

(o] 200 400 600 800 1000 1200
ELECTRODE VOLTAGE— VOLTS

ELECTRODE CURRENT VOLTAGE CHARACTERISTICS FOR WITH
AND WITHOUT AN APPLIED PREBIAS VOLTAGE.
INVENTOR

FIG. 28A. DONALD E. RICHARDSON

. QQJM, O[M,?iﬁo, 2&%}2 : Tdﬁm

TTORNEYS



Dec. 1, 1964 D. E. RICHARDSON - 3,159,718
~ METHOD AND APPARATUS FOR ELECTROSTATIC
RECORDING AND REPRODUCING :

Filed Oct. 5, 1959 10 Sheets-Sheet 10

7
FIG.30. | .
6 S, 0.00025"
K°'3'2 PENET:ATION /
|K=32 NT
- W, 0.160 CURRENT 1,
2 5 u=11.25" Sec”!
< .
4

/ : ESCAPE

PENETRATION AND ESCAPE CURRENTS I

w2

& CURRENT I,
w

Qa

s _ }
<

o

m .
O

s

&

- fo o o

400 600 800 1000 . 1200 - 1400 1600
LELECTRODE VOLTAGE, V ' -

MOTIONAL CURRENT-VOLTAGE CURVES FOR MYLAR TAPE ,

FIG.29.

77 | EXPERIMENTAL ARRANGéMéNT FOR
MEASUREMENTS OF PENETRATION
ANO ESCAPE CURRENTS, I, AND I,

- INVENTOR
DONALD E. RICHARDSON

e o
TO "~ USE . / _ :
BY : e qr
MEIASURE co:ngcnons i, O[Mdl"i)m’ imi TM
! ’ : ATTORNEYS



United States Patent O ce

3,159,718
Patented Dec. 1, 1964

1

3,159,718
METHOD AND APPARATUS FOR ELECTRO-
STATIC RECORDING AND REPRODUCING
Donald E. Richardsen, Chicago, Ii,, assigner fo KT
Resgearch Ins“mte, a carpemtmn of Mlinois
Filed Oct, 5, 1959, Ser. o, 844,472
63 Clavms. (‘Ci. 179—160, 1)

This invention relates to a novel recording system and
method and particularly to a recording system utilizing a
novel electrical recording mechanism herein -termed
“charge injection.”

The .charge injection system herein disclosed readily
provides an adequate fidelity for the recording and repro-
duction of voice and music signals, and constitutes a re-
cording system ‘of general application.

Prior art ferroelectric recording systems rely no polari-
zation of the charge in the record medium with no signifi-
cant change in the net internal charge of the record. In
the present invention, charges are actually injected into
the record medium to alter the net charge in minute sub-
surface regions of the medium. The charge cannot be
erased by wiping the surface ‘of the record as is the case
with surface charge recording; however, erasure Of an
injected charge signal may be accomphshvd for example
by application of a high intensity electric erasing feld.
After erasure, the record medium may be reused in a
manner analogous to the reuse of a magnetic recording
medium. ‘A fundamental advantage of the present re-
cotding system over magnetic recording resides in the
inherently higher playback levels obtainable with charge
injection recording.

1t is  found experimentally that as a dielectric record
medium" travels between a pair of electrodes, and the
voltage between the electrodes is increased in steps, a
threshold value of voltage is reached beyond :which cur-
rent flow'in tHe electrode circuit begins to increase rapidly,
At values of voltage above the threshold value, and below
dielectric: breakdown there is a steady current of sub-
stantial magnitude which continues so long as the record
medium- continues to move past the electrodes. Below
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the threshold voltage, the observed electrode current is -

negligible; however, at voltages above this threshiold volt-
age a substantial current flows which: is. substantially
hnearly proportional to electrode voltage.
is recorded on the record medium by means of electrode
configurations as herein disclosed in con]uncuon with ‘an
electric field above the threshold value, it is found that
the record medium receivesia charge pattern which cannot
. be removed by wiping the surface of the record medium.
Further; the signal can be played back repeatedly by
moving the record medium between contacting metal elec-
trodes without destroying the recorded signal.
is found that treating the surface of the record medinm
with jons of polarity to neutralize surface charge on the
record medium actuaily improves playback of a signal
recorded by charge injection,

Further experiments reveal that if the record medium
first travels between a pair of electrodes having a steady
bias voltage above the threshold value, and then travels
between’ the same or similar : electrodes: with avoltage

of opposite polanty, current flow in the electrode circuit:

will begin fo increase rapidly at much lower values of
voltage durmg the second’ passage of the record medium
between the electrodes.
‘ord medium to a prebias voltage, the effective recording
threshold voltage is greaily reduced. It is found that
sucha prebias voltage will erase a previous charge injec-
tion signal on the record medium as- well ‘as’condition
the record medium:to receive a new signal. - Recordings
‘whwh are produced by fitst’ preblasmg the record medium

Thus by first subjecting the rec-
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are found to be of better quality than those produced with-
out prebias.

The present preferred system of electrostatic recordmg
employs a polyester tape -one-fourth inch wide and one-
fourth mil-thick drawn between two tandeém close-spaced
knife-edge electrodes Having a common flexible backing
elfectrode consisting of numerous small parailel resilient
wires of small diameter, e:g. 0.001””. A high direct cur-
rent bias potential is applied to the two knife-edges of
such a value -that while thé tape is in motion, the tot#
bias voltage will divide automatically in the approximate
ratio of 1.5 to'1 between the first, earliest, or “prebias”
knife-edge to backing électrode and the second, latest, or

“recording” knife-edge to backing electrode, For this
voltage division the voltage of the tape in iransit between
the two knife-edges approximately equals one-half of
the tape threshold voltage, where, by threshold voltage is
meant the voltage that must be applied ‘across moving
virgin tape before any appreciable motional current re-
sults in the external ¢ircuit connected with the electrodes.

The common backing electrode is isolated by a small
blocking or bypass capacitor which connects to ground.
Hence, since the two-knife-edges are in direct current
series through two series of thicknesses of tape, the mo-
tional direct bias current of the tape is identically the
same- under each knife-edge’ but. oppositely directed
through it.”This. causes the tape to emerge from the re-
cording head in a substantially uncharged condition in
the absence of a signal. Signal voltage is applied only
to the second or recording knife- edge and the path of the
resulting alternating current signal is through the blocking
or bypass capacitor of the backing electrode and not
through the first or prebias knife-edge. Hence, the signal
current modulates the direct bias current of the recording
knife-edge only and the tape emerges from the recordmg
head with dipole type of internal electrification that is
pr oportional to signal. Yon treatment of the charged tape
is found to greatly enhance the permanence.of the record-
ing and to preserve a high sxgnal-to—nmse ratio.

For playback, a load resistor is connected to the back
electrode and to one of the knife-edge electrodes. The
voltage that is genérated across this resistor by electro-
static induction as the tape is drawn between the knife-
edge and the backing electrode is then suitably amplified
for operating into a speaker or other device.

It is acharacteristic of the polyester tape record mediom |
that it has a certain amount of background noise when
the tape is in the condition in which it is received from
the manufacturer thereof, prior to its first use. - We have
found that the backgroiund noise level in.tape may. be

-reduced by subjecting the tape to ome or more of the

- novel method steps disclosed herein.

In fact, it
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It is therefore an imporiant object of the present -in-
vention 1o provide a novel and improved recording sys-
tem and method.

it is a further object of the present invention to pro-
vide a novel electrostatic record for use in electrostatxc
pl ayb’xck systems.

It is a further ‘Object of the present mventlon to" pro-
vide a'novel recording system-and method where there
is-an actual and substantial transfer. of charge. through
the surface barried of the record medium.

Ancther object of the -invention is to provide a novel
recording system where ‘recording is carried out above
‘the threshold voltage for the electrode-xecord medium
configuration, the configiration being such as to’ trans-
fer substantially equal gquantities of charge of opposite
polarity “stibstantially. simultaneously “to "the Tespective

'opnosm, sides of the record medium.

Stiil another object of the -invention is to provxde a

© system’and method whereby charges of gpposite polarity
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are tramsferred to respective oppostte sides of a record
medium and become intensely and relatively permanent-
ly bound to each other, while remaining directly avail-
able for repeated electrical reproduction by electrical
scanning of the record medium.

A still further object of the present invention is to
provide a novel electrostatic record having an injected
charge signal capable of repeated electrical reproduction
by means of contacting metal electrodes.

t is a further important object of the present inven-
tion to provide a novel recording system and method
whereby charges are injected at opposite sides of a record
medium to provide charge distributions of opposite polar-
ity at the respective opposite sides of the record.

It is ancther important object of the present inven-
tion to provide a novel electrostatic record having in-
jected charge signals of opposite polarity at the respective
opposite sides thereof.

It is a more specific object of the present invention to
provide a novel recording system wherein the record
medium is prebiased by means of an electric field above
the threshold value required for substantial charge trans-
fer and then subjected to a recording field.

It is a further more specific object of the invention to
provide a novel recording system wherein the record is
prebiased by means of an electric field above the thresh-
old value extending in one direction and then subjected
to a recording field having a different direction of bias.

A further specific object of the present invention is to
provide a recording system wherein the record is erased
by means of an erase electric field above the threshold
value and then subjected to a recording field.

A still further specific object of the invention is fo
provide an electrostatic recording system wherein gaseous
ions are applied to the surface of the charged record
medium to greatly enhance the permanency thereof.

Yet another specific object of the invention is to provide
guidance means for the record medium as it passes
through the recording head of a charge injection system.

A further important object of the invention resides in
the provision of a novel electrostatic record medium
which resists signal transfer when wound in a coil or
otherwise subjected to the possibility of adjacent spurious
electric fields.

Other specific objects of the invention relate to the
provision of novel electrode structures and novel record-
ing circuits for electrostatic recording,.

It is also a principal object of the present invention to
provide a method for reducing the background noise of
recording tape. )

It is a further object of the present invention to pro-
vide a method for processing a record medium electri-
cally for reducing the background noise therein.

Another object of the invention is to provide a combi-
nation of steps which individually and jointly reduce
the background noise level of a record medium.
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Many other advantages, features and objects of the -

present invention will become manifest to those versed
in the art upon making reference to the detailed descrip-
tion and the accompanying sheets of drawings in which
preferred structural embodiments, together with varia-
tions thereof, incorporating the principles of the present
invention, are shown by way of iilustrative example.
On the drawings: :

FIGURE 1 is a diagrammatic view of a charge injec-

tion recording system;

FIGURE 2 is an enlarged view of the head assembly
of FIGURE 1;

FIGURE 3 is a still further enlarged view of a frag-
mentary portion of FIGURE 2;

FIGURE 4 is generally similar to FIGURE 3 with
portions omitted and broken away for clarity; -

FIGURE 5 represents diagrammatically the condition
of a record after travel across the prebias head of FIG-
URE 3; ‘

FIGURE 6 is a diagrammatic view of the record af-
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4
ter it has travelled across the recording head of FIG-
URE 3;

FIGURE 7 is a diagrammatic view of a section of
recording tape as it is received from the manufacturer;

FIGURE 8 represents diagrammatically the condition
of the record medium after travel across the second elec-
trode of FIGURE 27;

FIGURE 9 is a diagrammatic view of a preferred elec-
tric circuit for wse with the apparatns of FIGURE 2
during recording; .

FIGURE 10 is a diagrammatic illustration of a pre-
ferred electric circuit for use with the apparatus of FIG-
URE 2 during playback of a charge injection record;

FIGURE 11 is a diagrammatic view of another pre-
ferred electric circuit for use with the apparatus of FIG-
URE 2 during recording;

FIGURE 12 is a diagrammatic view of still another
preferred electric circuit for use with the apparatus of
FIGURE 2 during recording;

FIGURE 13 is a fragmentary diagrammatic view of
a modification which may be applied to the circuit of
FIGURE 12;

FIGURE 14 is a diagrammatic view of a still further
preferred electric circuit for use with the apparatus of
FIGURE 2 during recording;

FIGURES 15 and 16 are each fragmentary diagram-
matic views of modifications which might be applied to
the circuit of FIGURE 14;

FIGURE 17 is a fragmentary view generally similar
to FIGURE 3 showing a modified electrode structure;

FIGURES 18 and 19 each show further modifications
of electrode structure generally similar to that shown in
FIGURE 3;

FIGURE 20 shows an enlarged fragmentary sectional
view of a modified form of record medium guide which
may be applied to the structure shown in FIGURE 3;

FIGURE 21 illustrates in diagrammatic form, partly
in perspective and broken away, the ion source shown
in FIGURE 1;

FIGURE 22 is an enlarged view of a head assembly
using separate backing electrodes for the prebias and
recording knife edges;

FIGURE 23 is a diagrammatic view of an alternative
electrode structure for substitution in the embodiment
of FIGURE 22;

FIGURE 24 is a diagrammatic view of a charge in-
jection recording system utilizing the head assembly of
FIGURE 22;

FIGURE 25 is a diagrammatic view of an electric cir~
cuit for use with the head assembly of FIGURE 22 dur-
ing recording;

FIGURE 26 is a diagrammatic illustration of the head
assembly of FIGURE 22 conditioned for playback oper-
ation;

FIGURE 27 is a diagrammatic view of a system for
treating electrostatic record tape;

FIGURES 28 and 28A are plots of electrode current
as a function of an electrode voltage for various thick-
nesses of Mylar tape and with and without prebias volt-
age, respectively;

FIGURE 29 is a diagrammatic illustration of an ex-
perimental arrangement for measurement of penetration
and escape currents;

FIGURE 30 is a plot of motional current as a func~

~ tion of electrode voltage for Mylar tape; and

F_IGURE 31 is a diagrammatic illustration of the ex~
perimental arrangement for measuring the motional in-
jection and ejection currents of Mylar tape.

-As shown on the drawings:

The principles of this invention are particularly use-
ful when embodied in an electrostatic recorder assembly
sach as iMustrated in FIGURE 1, generally indicated by
the numeral 18. The assembly includes a rotatably
mounted supply reel 11, a rotatably mounted take up
reel 12, a head assembly 13 disposed intermediately there-
between, for receiving a record medium 14, such as of
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Mylar tape, from the supply reé¢l 11 on xts way to the
take up reel. 12. An external tape guide 15 is p10v1ded
intermediate the supply reel 11 and the head 13 to in-
sure that the fecord medium or tape 14 enfers the head
13 at a constant position, while an external roller 16
performs a similar function at the discharge side. of the
head 13 for insuring that the record medium 14 leaves
the head at a constant- reélative angle on its way to the
take up reel 12.  Immediatély prior to the entrance of
the record medium 14 into the head 13, there is dis-
posed an ion source 17, and immediately preceding the
tewinding of theé record medium 14 on the take-up reel
12, there is disposed a second ion source 18.°

Referring now to FIGURE 2, the head ‘assembly 13
shown on FIGURE 1 is shown again in perspective in
somewhat larger scale, and with its ¢over removed. The
head 13 includes a case 20 preferably of metal in which
there is disposed a prebias. electrode 21, a record elec-

trode 22, a backing electrode 23, a means 24 for adjust-

ing the backing electrode, a capstan drive roller 25, and
a shiftable rubber pinch roller 26. A guide pin 27 is
shown between the electrodes 21 and 22, between which
is also-located .a grounded prebias shield 43. By refer-
ence to FIGURES 1-3, it will be observed that the
record medium 14 enters the case 2¢ through a slot 29,
passes in contact with the electrades 21-23, passes above
the capstan roller 25 and between the roller 25 and the
roller 26, beneath the roller 26 and upwardly at an
angle through a slot 30 to the roller 16 for rewinding
on the take-up reel 12. Siiice the record medivm 14
" is slightly ‘elastic, the rollers 25, 26 are preferably dis-
posed as close to the electrodes 21-23 ds- practicable to
preclude “wow” sounds. = At the electrodes, the record
medium; travels first past a prebias position in contact
with -the lower edge of the prebias electrode 21, which
also serves as an erasing means; and then through a sec-
ond or recording position adjacent to the lower edge. of
the record electrode 22.

In the illustrated embodiment, the electrodes 21, 22

~ are substantially identical to each other and each prefer-
ably comprises stainless’steel having an integral kaife
edge 31 and: 32 respectively, best seen in FIGURE 3,
engaging one side of the ‘tape. Preferably, each of the
knife.edges 31 and 32 represents the ‘intersection of a
palr of lappad surfaces which have been chromium plated
at the point of engagement with the record medium. 14.
The knife edges 31 and 32 may have a radius of .025"
and be operative; if the radius be reduced to .0005” a
much better: frequency response and higher signal to
noise ratios are obtained. . Therefore, a further decrease
in radius, such as to that obtained by the intersection
of two lapped surfaces, produces a furthey improvement
in: frequency response and improved signal—to-noise ratio.
An electrode support 33, such as of insulative material,
is carried by the case 28 and recéives and supports one or
both of the electrodes 21 and 22. - In this embodiment,
“each of the electrodes 21 and 22 are secured as. by a pair
of screws 34 extending the rethrough into the support 33,
one of which may also be used to secure the electrical lead
35 ‘extending thereto. The supporting means ‘33 may
also- include a spacet 36 secured theretoand which
fhrcadably receives a pair of screws 37 extending through
slots'in a pm plate 38 which supports the guide pin 27, as
- best seen in FIGURE 4. In this embodiment, each’ of
the knife edges 31 and 32 has a length of %" for use
with a'fape having a wxdth of ¥4”, The pin 27 has a pair
of confronting shouldexs 39 between which the tape 14
~ extends centrally ‘of the “Inife edges for abutting the
lateral edges of the tape 14, The plate 38 is adjustable in
a vertical direction so that the pin 27 may be moved
vertically intermediate the electrodes 21 and 22, -

The backing electrode 23 includes a conducting mem-
ber 40 having a plurality of fine wires 41, such as of
tungsten .or nickel, spaced in a single layer in close side
by side relation to-each- othet for engaging the opposite
side of the record medium 14 at the knife edges 31 and 32,
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Tungsten is the more durable, but nickel has an advan-
tage explained below., Best results have been obtained
when the diameter of the wires 41 has been held to a
minimum.. Palticularly good results have been obtained
when 175 wires each having ‘a diameter of .001 inch and
occupying a width less than 0,180 inch have been utilized,
with a record niedium Y4 inch wide, and excellent results
nay. also. be had with the use of wire having a diameter
of .0007 inch; the smaller wire, however, being somewhat
more difficult to assemble. Each of the wires is connected
to. the . conducting supporting block member 49, both
n‘echamcally and “electrically.

The record medium, as best seen in FIGURE 3,is di-
rected under the knife edge 31 and against the wires 41,
above the guide pin 27 intermediate the shoulders 39, and
oeneath the knife edge 32 against the wires 41 and out-
waldly from both sides thereof. The prebias electrode
2% and the backing electrode 23 jointly sérve as a prebias
head while the record electrode 22 and the backmg elec-
trode 23 jointly serve as a record head. . Thus the instant
assenibly comprises a prebias and record head having a
common backing electrode. . In order to minimize coupling
beiweern the electrodes 21 and 22, the shield 43 may be
grounded to and carried by the case 26 and disposed inter-
mediate the prebias and record electrodes. ~Preférably, the
shield 43 extends substantially about the prebias elec-
trode 21, there being but a small opening through which
the knife edge 31 extends.

One or more terminals 44 may. also be plov1ded in the

‘case 20 as may be necessary.

The backing electrode 23 may be secured by an ec-
centrically disposed screw 45 to a supporting plate or
member 46, best seen in FIGURE 2, the plate 46 being
angularly rockable or rotatable about a pivot 47 dlsposed
beneath the electrodes 21 and 22. As the eléctrode 23 is
rocked about the screw 45, a differential ad]ustment takes
place betweer the engagement of the wires 41 with re-
spect to the kuife edges 31 and 32. Thus if the elec-
trode 23 is rocked clockwise, the engagement force at the
glectrode 22 is slightly increased while the force at the
electrode 21 is decreased. Thus this adjustment produces
a differential change in the relationship between the back-
ing electrode 23 and the other clectrodes. . The plate 46
has an ear: 48 rigidly carried thereby which is engaged by
a screw 49 which exfends through the case 28 and is
threaded in a bracket 59, When the screw 49 is advanced,
it acts against the ear 48 t0 pivot the support means 46
about the pivot 47 .to effect a lateral adjustment of he
backing electrode 23. When the screw 4% is retracted, a
leaf spring 51 also carried by the bracket 50 acts on the
opposite side of the ear 48 to effect an opposite latéral
adjustment of the support 486.

The bracket 58 is pivoted as at 52 to the case - 20
and is rocked about the pivot 52 by movemeént of a screw
3 whichis threadably carried by the case 2¢ and which
acts-against a lever arm portion of the bracket 50.  When.
the screw 53 is advanced, the pivot 47 is also advanced so
that the backing. electrode 23 is moved toward the other
e¢lectrodes-21 and 22, and when the screw 53 is retracted,
the pivot.47 is moved or translated in an opposite direction
so that the electtode 23 is retracted simultaneously from
both of the electrodes 21 and 22. In that the lever arm
b tween ‘the pivot 52 and the screw 53 is rather lengthy,
there is. very litfle differential ad]ubtment which. occurs
between the knife edges when the screw 53 is repositioned;
Of-course, the. screw 53 is retracted when a record tape
14 i$ to be threaded through the head assembly 13. The

_position -of .the screws 43 and 53 is so selected that the

wires 41 resiliently press the tdape against the knife edges
31 and 32 with the desired tension. It will be understood,
of course, that the parts just described are all suitably
insulated electrically, which-insulation may be omitted if
one of -the parts is useéd in a circhit wherem it is’at
ground potential. !
The use of a comnion backlng electrode facﬂltates the
tise of another one of the features of the instant inven-
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tion described later herein. Furthermore, when the knife
edges 31 and 32 are substantially spaced from each other
as they are in FIGURE 22, there is a tendency for a given
point or line along a tape not to engage one backing elec-
trode in exactly the same manner as the following back-
ing electrode. By having but cne common backing elec-
trode, this tendency is avoided. This problem becomes
most acute at the edges since the record medium tape
must be wider than all of the wires 41 collectively to
make certain that there is no direct electrical contact or
short circuiting cross or around the record medivm. For
this reason, there is a very slight amount of tape at each
margin which is not directly exposed to the electrical ac-
tion, and the use of a common backing electrode some-
what simplifies the problem of exposing the tape at the
second electrode or position to precisely the same place
as it was exposed to at the first electrode or position.
In this regard, the spaced shoulders 3% of the guide pin
Z7 accurately guide the tape laterally or center it with
respect to the wires 41 and the pin 27 also serves to lift
the tape from the backing electrode to reduce the drag
at this point.

In FIGURES 2 and 3, the diameter of the wires 41 has
been greatly exaggerated and the quantity has been greatly
minimized. In an actual embodiment, the exact number
is not critical. Of course, the number is limited by the
wire diameter and the width of the tape 14. The mini-
mum number required is determined solely by reliability,
and experiments to date indicate that as few as one may
be advantageously employed.

When the tape 14 has been prebiased by travel past the
prebias electrode 21 of the head 13, it takes on a con-
dition such as shown diagrammatically in FIGURE 3.
To form the tape of FIGURE 5, a negative voltage
is applied to the knife edge 31 of the head 13 so that
electrons are injected into an internal region of the tape
near the top side or surface 54. Similarly in FIGURE
5, the wire electrode is positive so that an internal region
of the tape near the lower surface or side 55 thereof will
receive a corresponding met positive charge. If the pre-
bias voltage is maintained at a constant non-fluctuating
value, the charge per unit length along the tape in the
region near each surface is substantially constant.

When the prebiased tape illustrated in FIGURE 5
travels past the recording electrode 22, the charge pattern
along the tape is altered so that the charge distributions
in the upper and lower portions of the tape vary in accord-
ance with the signals applied to the recording electrode,
as illustrated in very diagrammatic form in FIGURE 6.
No attempt has been made in FIGURE 6 to illustrate
the actual charge polarities which would be obtained in
practice. With no signal applied, substantially all of the
charges shown in FIGURE 5 are neutralized, the tape
being thus left in an uncharged or erased condition.

FIGURE 9 illusirates a preferred recording circuit for
use in conjunction with the head assembly of FIGURE
2. Tt will be observed that the D.C.-prebias voltage is
applied to the electrode 22 and that the D.C.-circuit then
extends through the record medium 14 to the backing
electrode 23 and again through the record medium 14
to the prebias electrode 21. To this end, the D.C.-circuit
is also provided with a power supply 56, having a po-
tential of 1500 volts. For the protection of both per-
sonnel and the backing electrode 23, a current limiting
resistor 57, such as 1.5 megohms, is provided in series
in the circuit. In the instant embodiment, a coupling
resistor 58 has a resistance of one megohm which further
limits the current in the D.C.~circuit. It will be also
noted that each of a plurality of capacitors 58—61 serves
as a blocking capacitor to prevent the flow of direct
current. With this circuit, the voltage drop between the
prebias electrode 21 and the backing electrode 23 is on
the order of $00 volts while the voltage drop across the
record medivm 14 at the record electrode 22 is about
600 voits. If the voltage of the power supply 56 is
varied, the voltage differential across the record medium

<

10

15

20

25

30

35

40

45

50

55

60

65

70

%

8

at the record electrode remains substantially at a po-
tential of 600 volts. Tt will be noted that the negative
terminal of the power supply 56 is grounded and that
the prebias electrode 21, the pin 27, and the case 20 are
also grounded. Thus positive potential is applied to the
record electrode 22 while the backing electrode 23 is rela-
tively negative, and that with respect to the prebias elec-
trode 21, the backing electrode is relatively positive, hav-
ing a D.C.-voltage to ground which is 60% of the D.C.-
voltage at the record electrode 22.

i is to be noted that only a single conductor 62, which
is shielded as shown in FIGURE 10, is directed to the
head assembly 13.

The signal is illustrated as being introduced by means
of an output transformer 63 having a primary 64 and a
secondary 65. The primary 64 is coupled to a transcrip-
tion amplifier 66 which receives a suitable input at 67.
A resistor 68 is connected across the secondary 65 of the
transformer €3 to insure that the transformer operates
into its proper load impedance, the resistor 68 being of
100,000 ohms in the instant embodiment. Thus the ele-
ments 58, 59 and 68 insure that the transformer 63
operates into a substantially constant load resistance.
They also serve to protect the secondary 65 against over-
load. The resistor 68 also serves to provide a mon-
inductive discharge path in the circuit. The resistor 58
also serves as a mixer for introducing the direct current
and the signal current to the common conductor 62.

It will be noted that the cutput from the amplifier has
one grounded side and that the secondary of the output
transformer is likewise grounded. The A.C.-circuit ex-
tends through the coupling capacitor 59, which has a
capacitance of .005 mfd., through the single conductor
62 to the record electrode 22. Here the A.C.-signal is
superimposed on the D.C. passing therethrough and like-
wise passes through the moving record medium 14 to the
backing electrode 23, and thence to ground via the ca-
pacitor 61, which has a capacitance of .000050 mfd.

The blocking capacitor 60 has a capacitance of .03 mfd.
and in conjunction with the capacitor 59, and the re-
sistances 68 and 58, jointly comprise an R-C circuit which
serves to boost the normally attenuated voltages of the
higher audio frequencies present. The values first given
for these resistances are advantageous and have been given
to provide a ready comparison between this circuit and
others presently to be described. However, the high
frequency boost just mentioned is even better accom-
plished if the resistor 68 is increased in size to eight
megohms and if the resistor 58 is increased in size to
ten megohms.

The ratio of the transformer 63 is primary-to-secondary,
one-to-fifty. 1t is considered preferable to have the elec-
trode 22 of positive D.C.-polarity when recording on
“Mylar” tape with the illustrated circuit, although this
polarity is not a necessary condition.

Furthermore, one advantage to the instant circuit is
that if the electrode 21 be made of metal, such as de-
scribed above, the shield 43 may be omitted. MNeverthe-
less, a slight advantage is present when it is retained.
Further, since the electrode 21 is grounded, it may be
secured direcily to the case 20 in conducting relationship
therewith. :

Referring now to FIGURE 10, there is illustrated the
playback circuit. Obviously, the instant circuit may be
cornbined with the circuit of FIGURE 9 so that one may
be switched on when the other is switched off. Where a
single lead 62 is employed leading to the head assembly
13, the lead 62 preferably includes shielding such as shown
at 70 extending between the head assembly 13 and the
amplifier 66. During playback, the record member 14
is in engagement with the electrodes 21-23 in the same
manner as in recording. The output of the amplifier 66
of course is directed to a suitable output device such as
a loud speaker 71. The backing electrode 23 remains
capacitatively connected to the case 26 and the refurn
circuit therefrom may be via the shielding 70.
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Certain known amplifiers are pljovided with an ‘equai—

izer circuit which has a continuously variable control for
matching- any :recording characteristic. Preferably, the
amplifier- 66 is such a device and has. such 'a feature.
However, if such a feature is inadequate, an R-C circuit
86 may be provided in the lead 62 as shown in FIGURE
10. 'The variable capacitor (.0005 mfd.) and the variable
resistor (2 megohms) thereof may be adjusted to suit
personal preference. . Of course, this feature may be
omitted -if the amplifier. or taste of the user does not
require it.

Referring now to FIGURE 21, there is shown one of
the ion sources 18 in greater detail. The.source 18 in-
cludes a conductive case 72 which is open at one side 73,

and which is provided with an electrostatic shield 74

across-the opening 73. The opening 73 is dispesed im-

10

mediately adjacent to the record medium 14 as best seen- -

“in FIGURE 1. The case 72 is preferably grounded. A
transformer 75 has its output connected between the case
72 and a pointed tungsten electrode 76 disposed within
the case

The transformer 75 may be any conventional type;
and preferably is powered by commercial voltage at a
commercial frequency. The transformer has a primary-
to-secondary ratio such that the output voltage is about
four thousand volts. = In this embodiment, one side of
the secondary is grounded while the other side is con-
nected in series with a current limiting resistor 77, in
this embodiment having a resistance of five megohms, and
thence through a high voltage conductor 79 to the elec-
trode 76, Application of voltage as described produces
a slight corona at each of the tips of the electrode 7§,
and air diffuses through the open side 73 to become. ion-
ized and when ionized, to diffuse back again against the
record medium 14, With. this arrangement sufficient posi-
tive. and negative ions are produced and made: available
outside tlie shield to neutralize the field of the recorded
charges externally of the record medium 14,

The roller 26 preferably comprises a conductive rub-
ber which is resistant to ozone produced by the source
18, and which conducts any surface charge collected from
the record medium 14. :

It will be noted that the A.C.-field is applied between
the electrode 76 and the shield 74, and.therefore the field
does not extend outwardly of the ion source, and there~
fore does not provide a source of interference or of perma-
nent signals.

Referring to FIGURE 7, the condition of the -virgin
tape is diagrammatically illustrated. . It will be noted
that there is a quantity of electrostatic charges disposed
within the thickness of the tape, intermediate the sur-
faces 54 and 55, the thickness being greatly exaggeruted
from the actual tth}\D\,SS of .80025 inch.

When the tape has been subjected to thé prebias elec-
tric fleld, it first takes on a condition-such as:shown dia-
grammatically in FIGURE 5. Thereafter, when the pre-
biased tape 14 shown in FIGURE 5 is subjected to a simi-
lar field of opposite polarity, the charge pattern along
the tape is altered so that the charges therein ate-effec-

tively neutralized. Theoretically, the ‘tape should -thus-

be left in an uncharged condition. As a practical mat-

ter, however, perfection is-not achieved; however, ‘there

is -a substantial -decrease in the number of -randomly

spaced charges in the tape, such as shown in:FIGURE

8, as evidenced by reduced noise output from the tape
when passed through the playback system.

Further, we have found that the best resutls are ob-
tained if the tape 14 is stored in the condition indicated
.. by FIGURE 8 for a period of time following the peu-
tralizing“ of charges. ~ The net improvement is not too

predictable until at least seven days’ storage. timehas
elapsed, after which period further storage teduces the
level of background noise,

Further, if virgin tape-be stored in a desiccated cham-
ber, such as in the presence of active silica gel, such
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10
storage effecis  a reduction in background noise, even
though the tape has not been treated electrically as de-
scrlbed However, the best results are obtained when the
tape is subjected to both the electrical treatment and
to the desiccation during the storage period which fol-
lows thereafter, .

As ‘may be expected, the greatest improvement tends
to occur during the early portion of the storage period,
particularly after the first seven days have elapsed. - How-
ever, it ‘has been observed that background noise 'con-
tinues to decrease for at least as long as 46 days.

When Mylar tape is handled as supplied, and also
due to its handling; there is a tendency because of fric-
tion with ‘materials against which it comes in contact to
develop static surface charges. These charges when of
opposite sign attract, and when of -like sign, repel in
a well known manner, much like an eléctroscope. How-
ever, we have found.that substantially all of the surface
charges are meutralized by exposing the tape to one
of the ion sources 17, 18. The neutralizing of the sur-
face charges precludes such charges from contributing to
the background noise obtained from the record medium.

FIGURES 1, 9 and 21 disclose apparatus by which the
foregoing electrical steps may be accomplished. Refer-
ring now to FIGURE 27, there is shown schematicaily
that_portion of the apparatus which may be used to ef-
fect the electrical conditioning steps. The tape 14 is drawn
between the electrodes 21, 22 having the common flexible
backing electrede 23. A 1500-voit D.C.-bias potential
is supplied: by the power supply 56 and is applied to the
two tape surfaces while the tape 14 is in motion. Under
this set of conditions; the total bias voltage divides auto-
maticaily in the approximate ratio of 1.5 to 1 between
the first knife-edge-to-backing electrode and the second
knife-edge-to-backing electrode.. For this voltage di-
vision, the voltage of the tape in transit between the two
knife-edges approximately equals . one-half of the tape
threshoid voltage, threshold voltage being the voltage that
must be applied across moving. virgin tape before any
appreciable motional current results through it.

The .common backing electrode 23 engages the side of
the tape 14 opposite to that .of the other electrodes 21
and 22, and except for such engagement, is electrically
insulated from the circuit.. .Since the two knife-edges
are in D.C.-series. through two series thicknesses of tape
14, the motional ‘D.C.-bias current of the tape is identi-

.cally the same under each knife- -edge but oppositely di-

rected through it,- This causes the tape to-emerge from
the electrodes in a substantially uncharged conditicn.

The ion ‘generators 17 and 18 are disposed adjacent to
the electrodes 21, 22, one -being on each side thercof
whereby the generator 17 may emit ions to the record
medjum 14 before it is treated electrically by the elec-
trode 21, and whereby the generator 18 may act on the
record medlurn 14 alter it has been acted on by the elec-
trode 22,

Therefore, it is seen that the medium 14 is. subjected
to a uniform biasing electric field of a magnitude exceed-
ing the threshold value for the surface of the record me-
dium but less than -the ‘breakdown electric field strength.
This effects an injection -of .electric charges of opposite
sign int6 opposite sides of the record medium; the charges
being. on-the interior of the: tape and being: umformly
distributed.. Stated otherwise, the record medium is sub-
jected to a uniform electric field- which- establishes a di-
rect current flow ‘of charges across the surface barrier

‘of the record medium and -into successive minute e~

gions of the record medium, Whereby the charges are
bound. below the surface thereof within the interior of
the record medium.. While relative movement is -utilized: -
for this ‘step,” preferably such- movement is’ eﬁected by

-moving the record medium 14.

The foregoing step thus is applied to the record medium
14 first such as by the electrodes 2i and 23. - Thereafter,

at a second-position represented by the electrodes 22 and
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23, the medium is subjected to a second field similar in
character to that to which it was first exposed, but oppo-
site in direction and polarity and having about two-thirds
of the potential difference.

Both before and after these electric field steps, the rec-
ord medium is preferably exposed to the source of ions
which neutralize all electrostatic surface charges cn the
record medium. Thereafter, the medium is stored as de-
scribed above, preferably in desiccated air for a period of
time exceeding seven days.

The following example is given to indicate the magni-
tude of the results achieved by the foregoing steps. It is
to be understood that these values are representative and
are not presented to limit the invention. Typical tape
had a noise value which averaged .329 millivolt before it
had been used. - After seven days’ storage in a desiccator,
the average noise level had decreased to 0.296 millivolt.
After about forty-six days’ storage, the average noise level
had decreased to about 0.237 millivolt. Of course, the
noise level is not constant. The spread after seven days
in noise level was on the order of 0.085 millivolt, while
after forty-six days, the spread had decreased to 0.071
miltivolt.

A similar tape which had an initial average noise level
of 0.329 millivolt was subjected both to the above de-
scribed electrical field steps and the desiccated storage.
After seven days, the average noise level was 0.319 milli-
volt, while after forty-six days’ storage, the average noise
level was 0.204 millivolt. The spread after seven days
was 0.065 millivolt, which decreased to 0.037 millivolt
at forty-six days.

While other data and examples are available, the fore-
going represents typical results. An analysis of these
figures indicates that the average noise level goes down
due to desiccation, and that the average noise level also
goes down due to the electrical treatment described. It
also indicates that a greater improvement is effected by
utilizing both of the steps. Further, the spread between
the peaks of noise decreases with desiccation alone, and
decreases more when both desiccation and electrical treat-
ment are applied. .

Since both the average noise level and the spread be-
tween noise peaks decrease, it is apparent that the highest
or upper noise peaks are decreased or neutralized more
efficiently than are the lower peaks.

The mechanism of charge injection is believed to in-
volve the transfer of charge to shallow internal regions
of the record medium below the surface thereof. The
motional inductance of the medium varies in inverse pro-
portion to tape thickness at a fixed tape speed and width.

Experiments have been carried out in which two and
three “Mylar” tapes are superimposed upon one another
and drawn between recording electrodes. With a two-
ply “Mylar” tape, the value of threshold potential was
found to be approximately 100 volts greater than for a
single tape, while for a three-ply tape, the threshold voit-
age was found to be about 200 volts greater than for a
single tape.

A two-ply tape was separated into two single ply tapes
on different reels and the two tapes were played back
separately; the performance .of the two tapes was nearly
identical, although the tape which had. been in contact
with the knife edge electrode during recording produced
a very slightly greater output. A three-ply was separated
for playback; all three tapes produced about the same
playback output, but the tape which had been in contact
with the knife edge electrode during recording again pro-
duced a slightly greater output. These experiments tend
to indicate that the quantity of positive charge injected
into a tape by one recording electrode is substantiaily the
same as the quantity of electrons injected into the tape
by the other recording electrode using the electrode strue-
tures illustrated in FIGURE 3.

ecordings were made with different values of prebias
and recording bias; it was found-that for each prebias
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voltage there is initially an optimum recording bias as to
volume of output and freedom from distortion on play-
back, with lesser values of playback voltage and even-
tually distortion occurring for both greater and lesser re-
cording biases. Near-maxima of signal-to-noise ratios
also obtain for these optima conditions. Further, as the
various prebias-bias recordings are played back after a
time interval of days, it is found for records having pre-
bias values in excess of 1000 volts (such as for 1100 and
1200 volts) that the optima of output and greatest free-
dom from distortion occur at lower recording biases than
those originally observed. - Similarly, for records having
prebias values of 900 volts or less (such as for 800 and
700 volts) the optima of output and greatest freedom
from distortion occur at higher recording biases than those
originally observed.  For all records, regardless of the
inifial prebias, the optimum values of recording bias. (for
“Mylar” tape of grade C as manufactured by E. 1. du Pont
de Nemours & Co., Inc., and of the thickness of 0.00025")
approach values in the immediate neighborhood of 600
volts after a time delay of a week to ten days. 1In partic-
ular, a prebias-bias combination of (—1000, --600) has
been found to constitute a design center (for “Mylar”
grade C tape of 0.00025" thickness) in the neighborhood
of which near-optimum conditions obtain simultaneously
for ocutput voltage, freedom from distortion, and high sig-
nal-to-noise ratio from the time of initial recording to
thereafter.

It is thought that the maxima of playback output volt-
age with respect to bias voltage for various prebias volt-
ages are dependent upon the effective depth of charge
penetration accompanying the charge injection process of
recording. As the recording bias is increased, for a given
prebias, the depth of charge injection continues to in-
crease. As this takes place, the charges within the tape,
on either side of the tape’s median plane, become more
and more closcly bound to one another as their distance
of separation decreases. Also, the exterior electric field
becomes (relatively) less and less strong with the decrease
in charge separation so that although the internal charge
densities on the opposite sides of the tape median plane
become greater and greater with increased bias voltage,
a condition eventually obtains for which and beyond
which less and less induced playback bound charges can
be drawn to the metal surfaces of the electrodes adjacent
to the tape. Therefore, there exists, for a given prebias
voltage, a particular recording bias for which the play-
back output voltage is a maximum, output voltage being
less for smaller values of bias because of weaker imitial
internal charge injection and weaker for greater values
of bias because of less favorable location of internal tape
charges for producing electrostatic induction in the elec-
trostatic pickup system,

It is possible to show experimentally that electrostatic
recording as disclosed herein does not employ polariza-
tion of a ferroelectric material such as barium titanate
by two direct methods: (1) the observed volarity of
remnant electric field from the record medium is that
expected from charge injection and opposite to that ex-
pected from ferroelectric polarization; and (2), the record
medium (Mylar) does not have ferroelectric properties.
A considerable body of evidence, both direct and indirect,
favors charge injection over ferroelectricity.

Charge injection, as used herein means the transport of
charge -across an electrode-dielectric interface and the
consequent trapping or immobilization of this conducti-
ble charge in the dielectric. A volume density of trapped
charge is thus created in the dielectric. If two electrodes
are in contact with the dielectric and a difference of poten-
tial is maintained across the electredes, charges of op-
posite sign may be simultaneously injected at the respec-
tive electrodes. The volume density of trapped charge
produced in the dielectric near each electrode will cor-
respond in poiarity to the polarity of that electrode.

Ferroelectric polarization is a relatively well known
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phenomenon., A net dlpole moment per unit volume or
polarization is produced in the dielectric.  The polariza-
tion may also be represented by two surface densities of
‘induced charge of opposite polarity. . Ferroelectric
-polarization differs from charges injection in.that the
transport of charge across an electrode-dielectric interface
and the creation of a volume density of trapped charge
in the dielectric dces not occur.

If the electrodes in a charge injection system are main-
tained at the same difference of potential while they are
removed from the dielectric, the volume densities of
trapped charge in the dielectric will persist. - The direction
of the external electric field will be toward the surface
having the negative trapped charge and away from the
surface having the positive trapped charge adjacent there-
to. . This direction of the external electric field is charac-
teristic of charge injection.

If the-electrodes in ‘a ferroelectric recording system
are similarly removed, there ‘will be a remnant ferro-
electric poiarization and the external electric field will
‘be in the opposite direction from the external electric field
produced by charge injection with respect to the polarity
of the electrodes.

It is found experimentally for Mylar that the direction

-of the external electric field is characteristic of charge
m;ectlon and ‘not of ferroelectric polarization.

Another experimental approach has also been taken with
respect to:the question.of the possible ferroelectric be-
havior of Mylar film. - Ferroelectric materials must ex-
hibit hysteresis and saturation properties. - In-particular,
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the medium frequency permittivity must decrease when a . -

static electric field is superposed. Experimental informa-
tion on the possible ferroelectric behavior of Mylar film
.-bas been obtained by measuring the incremental permit-
tivities of Mylar and barium titanate under comparable
conditions. - The data indicates that Mylar does not ex-
hibit ferroeleciric behavior within the range of the meas-
urements.

Certain features of the illustrated embodlments are
considered highly important to high quality recording of
musical signals and the:like, although not essential for
satisfactory recording particularly with other less critical
requirements. For example, the wire backing electrode
havmg the lalge number-of “resilient wires. of relatlvely
fine diameter is considered to-be highly important in secur-
‘ing the intimate and stable ¢ontact between the electrodes
and the tape.

Several advantages are obtained when wires as small
as .0010"” diameter or less are used for an electrode.
Wires this fine result in an electrode which has substantial
flexibility. - A large number of points of contact with the
tape is provided if wires of a small diameter ‘are used,
-and a uniform “line-distribution” of current or charge. in-
jection is achieved which favors high frequency response
‘and long -signal life. The small wires provide small
normal force against the tape per contact and small total
normal: force for a given electrode deflection. This
results in little or no cutting or wear of-the tape by the
knife edges and negligible accumulation of material be-

tween each knife edge and the tape, wheréby, there s little .

loss in the effective width of the electrode with time. Low
tape friction also resulis-because of the low normal force

“and -this effects a reduction in:vibration, reduction. of

“wow,” and a minimized tendency- for tape: squeal. - Be-
cause of the low normal pressure and great electrode flexi-
bility, tape splices, markers, etc., pass through the head
freely. - Further, a higher signal-to-noise ratio and a
higher frequéncy response are. obtained with small wires
than with larger ones. The stiucture shown in FIGURE
1 hereof has operated with a signal to noise ratio of
137.8 to 1 or 42.7 db, at 800 C.p.s; at a tape speed of
11% inches pe1 second. ©.
" The use of polyester film for record tapes is also con-
sidered highly advantageous,” particularly since ‘the high

tensile strength of thefilm, kwhiéh may reach 20,600
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“pounds per square inch, provides a vety strong film even

though the film is made very thin. A very thin film is

believed desirable not only to reduce the required elec-
trode voltages, but also to enharice the strength with which

the charges are mutually bound within the tape. It is

preferred that the record medium have a thickness of the

order of .00025 inch. Generally, it is considéered to be

ideal to have the thickness of the record medium stich that

the breakdown voltage will be of the order of twice the

threshold voltage for the urbiased record medium.

Even though certain features which are considered at
present to ‘be crucial-for high quality recording, the in-
vention in its broader aspects is not to be comstrued, as
limited to the specific examples described, since a wide
variety of electrode or- other charge injéction configura-
tions and materials, circuits, and record configurations and
materials may be employed as will be apparent to those
skilled in'the art. .

By way of illustration recordings may be made on
other-materials having ‘the desired mechanical and diglec-
tric characteristics. - Ceéllulose acetate is another example’
of a suitable material for many applications. - While the
specific embodiments illusirated in the drawings -are of
special advantage in the recording of voice and music
signals, it will be understood that the invention is applica-
ble.to the recording of signals of all types with suitable
modifications in circuit and electrode structures. which
will be apparént to those skilled in the art.

The term “discrete charges” as used in the claims refers
to charges constituted by an excess or deficiency of elec-
trons in'a given region as distinct from the charges which
may appear due to polarization of molecules or larger
partxcles without any net change in charge in the entire
region of the polauzed melecules or larger -particles.

The: circuit of FIGURE 9 may be altered. of modified
in several respects without losing its. advantagecus fea-
tures. -FIGURES 11, 12, and 14 each illusirate varia-
tions or modifications of the circuit shown in FIGURE 9,
and wherein one or more of the advantageous features of
the FIGURE 9 circuit are contained:

Referring first to FIGURE 11, there is disclosed a cir-
cuit ' which may be used with a head structure wherein the
record. electrode 22 is grounded.  Therefore, the circuit
of FIGURE 11 'may be used to advantage without the
shield 43.  However, it+is t0 be understood that use of
such shield is preferred from a performance standpoint.
The 1500 volt power supply 56 is connected as before so
that- one side is grounded, but in this instance, it is the
positive terminal which is grounded. The negative termi-
nal leads to a current limiting resistor 81 havmg a résist-
ance” of 200,000 ohms. = The D.C.circuit continues
through a conductor 82 to the prebias electrode 21 which
in this instance is preferably of metal. = As before, the
D.C.-circuit may extend ‘from the positive terminal of
the power supply 56, via ground to the record electrode
22, thence through the record medium 14, the backing
electrode 23, again through the record medium 14 to the
prebias electrode 21 for return. A pair of blocking capaci-
tors 83 having a capacitance of .02 mfd., and 84 having a
capacitance of .0001 mfd. isolates the direct current cir-
cuit from the A.C.~grounds.

A load-resistor 85 having a resistance of 200,000 chms
is connected across.the secondary 65 of the transformer
63, which in turn ds driven by the amplifier 66 as:pre-
viously described. -The A.C.-circuit extends fronr the one

-end of grounded secondary 65 via the coupling and block-

ing condenser 84 to the backing electrode 23, thence
through the record medium 14 to the record electrode 22
and .return by way of ground. - The blocking condenser
83 serves. to' apply the same A.C.-potential to the pre-
bias electxode 21 as appears-on the backing electrode 23.
Since there is no voltage drop thereacross; no-A.C.-cur- = -
rent flows between the backing electrode 23 and the pre- -
bias-electrode 21. It will be noted that there is an alter- -
nate ‘path for a portion -of the A.C.-outpiit from' the’
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secondary 65, such path extending through the resistance
81 and through a further by-pass capacitor 86 connected
across the D.C.-power supply 56. Since the resistances
81 and 85 are in parallel, an equivalent load is placed
across the secondary 65 by having them each twice as
large as the resistance 68 shown in FIGURE 9. The
capacitance of the capacitor 86 may be .02 mifd., and this
capacitor also serves to remove noise or voltage variations
m the D.C.-circuit which may be caused by internal
resistance variations if the power supply 56 is a battery,
or ripples if the power supply ds a rectified source of di-
rect current. The resistance 85 also provides a noninduc-
tive discharge path for the secondary 65. Thus also the
resistance 81 has a current limiting function in both
the A.C. and D.C.-circuits. In other respects, the opera-
tion of the circuit of FIGURE 11 is similar to that of
FIGURE9. ‘

Referring now to FIGURE 12, there is disclosed a cir-
cuit wherein the backing electrode 23 is grounded. It
will be noted that the D.C.-circuit does not extend through
ground. To this end, the power supply 56 is connected at
its positive terminal to a current limiting resistor §7 hav-
ing a resistance of one megohm, which is in series with a
second current limiting resistor 88 having a resistance of
100,000 ohms. The resistor $8 communicates via a con-
ductor §9 with the record electrode 22. The circuit ex-
tends as before through the record medium 4, the back-
ing electrode 23, the record medium 14, the prebias elec-
trode 21, and back to the negative terminal of the power
supply 56. It will be noted that the ground wire 99 con-
nected to the backing electrode 23 does not form a part of
the instant circuit and that the D.C.-circuit therefore has
components which are both above and below the ground
potential.

In this circuit, the capacitor 86, as before, may have
a capacitance of .02 mfd., and serves to eliminate any
voltage ripple due to rectification or internal resistance
variation,

The resistance 88 also serves as a load resistor for the
secondary 65, there being a pair of blocking capacitors 69
and 91 provided intermediate the secondary 65 and the
resilstance 88, each of which has a capacitance of .025
mfd.

The A.C.-circuit extends as described before through
the conductor 89 from the ungrounded end of the second-
ary 65 to the record electrode 22, and thence through the
record medium 14 to the backing electrode 23. By the
provision of a bypass capacitor 92 having a capacitance
of .00025 mfd. across the prebias position, the return
path for the A.C.-signal may extend from the backing elec-
trode 23, through the capacitor 92 and the capacitor 88,
the resistance 87 and the capacitor %1 back to the second-
ary 5. Thus it is apparent that the ground lead $§ is not
necessary to complete the alternating current circuit,

This circuit requires that good insulation be used for

the portions of the circuit wherein direct current-is car-
ried to preclude D.C.-leakage currents to ground which
would thereby unbalance the direct current through the
electrodes. In the event that there is a slight leakage cur-
Tent so that there is current flowing in the ground lead 28,

a variable potentiometer 93 may be connected across the

power supply 56 as shown in FIGURE 13, its wiper be-
ing grounded. Thus by positioning the wiper of the poten-
tiometer 93, it is possible to balance the potentials such
that there is less than 0.01 microampere flowing in the
ground lead 90. The potentiometer 93 thus is used sub-
stantially the same as the variable leg of a Wheatstone
bridge. As before, it will be noted that an R-C circuit
is thus provided which loads the secondary, which limits
the current in both of the A.C. and D.C.-circuits, and
which mixes the A.C.-signal into the D.C.-circuit.
Referring now to FIGURE 14, there is shown a circuit
which is slightly more refined than that shown in FIG-
URE 9. It will be noted that the amplifier 66 and the
cutput transformer €3 are connected as before, and that
the elecirodes are arranged substantially as indicated in
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FIGURE 9. However, in th
the prebias electrode 21 and
ductor 94.

The D.C.-circuit originates with the power supply 58,
the positive terminal of which extends to the load re-
sistor 68, which has a slight current limiting effect, and
thence to an additional current limiting resistor 95 hav-
ing a resistance typically between one and twenty
megohms, and thence to the record electrode 22. As be-
fore the direct current circuit extends from the record
electrode through the record medium 14 to the backing
electrode 23, again through the record medium 14 to
the prebias electrode 21 and then via an additional op-
tional current limiting resistor 96, having a resistance
between zero and one hundred megohms, and thence via
the conductor 94 to the negative terminal of the power
supply 56. Sincé the negative terminal of the power sup-
ply 56 is grounded, each of the capacitors shown in the
circuit serves as a blocking capacitor to prevent short
circuiting of the D.C.-power supply.

The resistance 68, as before, serves as a load across the
secondary 65 and is connected thereto by a pair of cou-
pling capacitors 97 and 98. The capacitor 97 has a
capacitance of .005 mfd. or more and the capacitor 98
has a capacitance of .03 mfd.

The A.C.-circuit extends from the one end of the sec-
ondary 65 through the current limiting resistor 95 to the
record electrode 22 where the A.C.-signal is superimposed
on the D.C. as it passes through the record medium 14,
After passing. therethrough to the backing electrode 23,
the A.C.-current is bypassed through the capacitor 61
connected to the return lead 94.

The D.C.-series back-electrode connection ensures that
the D.C.-component of the tape’s motional current car-
ried by the recording bias electrodes shall be the same as
that carried by the prebias electrodes and that the two
shall be in opposite directions through the tape.

The single D.C.-voltage source suffices since the two
electrodes’ voltages are divided automatically by the im-
pedances of the tape to the equal motional currents of
the two sets of electrodes. The tape threshold voltage and
the tape’s internal voltage after leaving the prebias elec-
trodes are also factors contributing to this voltage divi-
sion,

When the circuit of FIGURE 14 is used as shown, the
D.C.-voltage distribution at the two electrode positions
is substantially the same as described in behalf of FIG-
URE 9, whereby the D.C.-voltage of the back electrode
23 is about 900 volts with respect to ground. However,
in the event that it is desired to have a different D.C.-
voltage to ground at the backing electrode 23, a poten-
tiometer 99 may be placed across the power supply 56
as shown in FIGURE 15, the wiper being grounded.
This having been done, a capacitor 166 should be added
as shown to isolate the transformer ground from the po-
tentiometer ground, its value not being critical, The
potentiometer also provides for a relatively low time con«
stant for the decay of capacitor voltages when the D.C.-
source -is disconnected.

FIGURE 16 shows a similar circuit wherein two power
supplies 564 and 56b are connected in series and a
ground is provided intermediate the power supplies. It
will be noted that the results obtained by the modifica-
tion of FIGURE 16 are the same as those shown in FIG-
URE 15 except that the adjustability feature is not present.

It will be understood that the capacitor 61 connected to
the backing electrode 23 may have a somewhat greater
capacitance such as .002 mfd. However, it is preferred
that a small value of capacitance be used at this point
so that if it is discharged by direct engagement between
the backing electrode and cne of the other electrodes,
the actual discharge current which flows would be negli-
gible, and thereby not damaging to the engaging surfaces
or edges.

It will be apparent that the electrode structure shown
in FIGURE 3 may be utilized with any one of the sev«

is form, the ground from
the capacitor 61 is a con-
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eral circuits illustrated herein. ~ In:several of these cir
cuits, one of the electrodes may be. grounded, and a
somewhat simpler form of ‘head may be utilized if de-
sired, Illustrative of this is the form or embodiment
shown in FIGURE 17. In this form, the record elsc-
trode 22a is carried by an insulative support member
33a which .in furn is secured as by screws to a conduc-
tive bracket or plate 181 secured to or comprising a
part of the case 28, _

The exact mode’ of attachment of the individual elec-
trodes is optional, the record electrode 22g here iilus-
trated being cemented to the insulative support 33a. The
prebias electrode 21« is disposed within a shield 43a which
is carried by and is electrically common with the coaduc-
tive bracket 181, In this embodiment, the prebias elec-

<
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trode 21a is secured as by. a screw 34a.to the conductive

plate 101.
therebetween.

If desired; a.spacer 162 may be mterposed
In this embodiment, the ‘guide pin 27a

is secured directly to the conductive plate 181, such as.

being pressed therein. = The backing electrode 23 is the
same as that shown in FIGURE 3. FIGURE 17 further
illustrates that -the “prebias and record: elecirodes may
be made relatively small, and’ these illustrated in this
figure comprise a semi-conductor of ferrite material.
An extensive amount of experimentation has shown that
of all unplated electrode (knife edge) materials, a ferrite
semi-conductor yields the- best. known performance in
the practice of this invention, the ferrite being

NiOAZno.(,-FegO‘i

the 'use of which requires shielding of the prebias electrode
for best performance. “These - electrodes have typical
resistances, when clean, of 6 and 30 megohms.

While the guide pin 27 has been disclosed as being
vertically adjustable in FIGURE 3 and fixed in FIGURE
17,/it is"to be understood that the guide means may be
constructed either fixed or adjustable in other marnners.

Referring now to FIGURE 19, there is illustrated an
alternate form of providing lateral record medium guid-
ance. - In this view, each of the prebias electrode 21 and
the record electrode 22 has been provided with a guide
plate 183 which is secured to the respective electrode: as
by the electrode mounting screws 34. Fach of the guide
plates 163 has at its lower transverse edge a downwardly
directed -slot 184 which is defined by a pair of confront-
ing shoulders 165 which. are spaced apart for recciving
the record medium 14 therebetween.
that the siot 104 extends upwardly above the knife edges
31 and 32, Where the knife edges 3% and 32 are close
together, one of the plates 103 may be omitted if de-
sired.

Referring now -to FIGURE 20, a still further form
of adjustable guide. pin is illustrated.” In this form, the
backing electrode 23a serves to support an upwardly di-
rected arm- 106 which is secured thereto by ‘means . of
a pair of screws 307 and 168. “If desired, the screw 45
may be one of these two screws. It will be noted that a
substantial annular clearance or slot has been provided
at 109 in the arm 106 so'that the arm- 186 may be piv-
oted about the screw 167 with respect to the backing elec-
trode 234 and locked in-a given angular -position by
tightening of the screw 148,

The arm 106 supports a tape guide pin 118 which

It will 'be noted”
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is frictionally carried at:the upper end of the arm.” The
pin 110 has an outer ‘end 111 which is adapted toibe -

rotated such as by a screwdriver, while the opposite
end is undercut to' defing a pair of spaced shoulders 132,

112 between ‘which is disposed the record medium 14,

The vndercut ‘portion 133 is preferably so made that it

is' eccentric to the main portion-of the pin 18%:. There-
fore, when-the pin- 110 i§ rotated, .the distance which
the record medivm: 14 will ‘be lifted: above the upper sur-
face of the wires 41 of the backing electrode 234 may

18

When' the arm 106 is a"rrl.laﬂy adjusted. by p1vot1ng
about the screw, 167, there is produced an ad]ustment
which - has both a vertical vector and a vector perpen-
dicular to the drawing whereby the pin 110 may be prop-
erly positioned for any setting of the ad]ustment screws
4% and 53 shown in FIGURE 2.

It has already been pointed out that the dxameter of
the individual ‘wires 41 of the backing: electrode 23 is -
as little as .001""-or smaller. It can.be appremated that
when a length of such a fine wire is used, which is many
times greater than its diameter, the force than can be
applied by the wire against the underside of the record
medium 14 is relatively light, FIGURE 18 illusiraies a

method and means whereby the force exerted by the =

backing electrode wires 41 may be increased... In FIG-
URE 18 there is shown a structure which is 1denuca1 to
that shown in FIGURE 3 except that a magnetic field
has been added to the eléctrodes. Since there typlcally
is a 1500 volt D.C.-potential between the electrode 21 and
the electrode 22, a thin insulative sheet or. coating 114
is disposed at at least one of the electrodes 21 and 22.
The drawing in FIGURE 18 represents the use of insula-
tive -material comprising Mylar having a thickness of
.001”. When a magnetic gap this small is provided; there
is a very small loss of magnetic strength. - ‘A ‘magnetic
field in then plcmded such as by means of a permanent
magnet 115 which i§ so disposed and arranged that the
magnet attaches ifself to the electrodes 21 and 22. It~
is to-be understood that when this feature.is utilized,
electrodes 21 and 22 must comprlse magnetic material,
such as nickel. - Further, it is preferable to use nickel
as material from- which the wires 41 are made, nickel
being prﬁferred since it is ferromagnetic and since it is
corrosion- resistant, For. operatlveness, however anyf
material ex]:ubltmg ferromagnetic prop\.rnes may com-
prise the magnétic path. - The magnetic path extends
from the poles.of the magnet 115 through each of the
electrodes 21 and 22, through the record medium 14
and through the wires 41 The knife edges 31 and 32
provide - concentrated points of flux den51ty, which ‘act
through the record medium 14 to attract the wires 41
against the bottom surface of the record mediim 14,
theleby aiding them in pressing against such surface and
increasing the unit contact force at éach wire: 'An ad-
vantageous- structure will also. achieve this result when
one or both of the-electrodes 21 and 22 are inherently
magnetic or are provided with a magne’uc field, even
though a compléte magnetic circuit is not made thr ough
the wires 41. - Thus, the electrodes 21 and 22 may have
like magnetlc polarities d1sposed adjacent to the wires 41.

It is recognized that the arrangement illustrated may
also provide an electrostatic capacitance ‘between the pre-
bias and record: electiodes, and that the magnetic.fisld -
may have some deflective effect on the injected charges -
It is not known whether either of these cond1t1ons is
present.

It will ‘be noted that there are several feaftures of .
_novelty each of which coacts with the others to produce

an improved - electrostatic recording system and method.
Thus each -of . the circuits provides the novel. step of
pawnc a D.C.-bias current through the record medium at
each of ‘the electrode positions such that the current at

“the one electrode is equal to the current at the other

electrode.” 'While this step.may- be accomplished by vari-
ous structures of ‘means, the. novel common backing elec-
trode disclosed herein provides a convenient means for .
ifsuring” that the D.C.-current threugh the prebias elec:

trode . is 1dent1ca1 to that in the tecord electrode. ~ Stiil

. further, “various electrodes, and structures for guiding

- ‘the record ‘medinm therethrough, have been provided.

70

be. adjusted. The backing ‘electrode 41 should be nar- - -

rower than the tape 14 and centered between ohoulders
112 as shown in FIGURE 20. -

SHll further, -4 methdd and means has’ been ‘provided

for . positively - neutfralizing any electrostatic. -surface’

charges, and for treating the record medium., e
FIGURES 24 and 22 illustrate another recording ap-

“paratus- for practicing the présent invention. * The refer-

ence numeral 14 deswnates the tape record medium which -
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is unwound from the supply reel 11 and drawn through
the metal shield case 28a containing the recording head
assembly by means of a capstan drive roller 25z and
shiftable rubber pinch roller 26a. The tape is then wound
on a suitable take-up reel (not shown). A tape guide
pin 154 and pulley or roller 16a are illustrated for guid-
ing the tape in its travel between the supply and take-up
reels.

The recording head assembly within the shield case
20a is illustrated in detail in FIGURE 22 wherein the
cover of the case has been removed. It will be observed
that the tape 14 enters the case 28 through a siot 29a
and leaves the case through a slot 39z. Within the case,
the tape travels first through a bias or erase head 19
and then through a recording head 28.

The heads 19 and 28 are substantially identical and
each comprises a steel block 139 having an integral
knife edge electrode 131 engaging one side of the tape
and a semi-cylindrical conductive block 4¢ having a
multiplicity of steel wires 41 extending arcuately from
the block 49 into engagement with the undersurface of
the tape 14. The lower electrode blocks 40 are mounted
on arms 138 which are pivotal on screws 139 to accom-
modate movement of the wires 41 toward and away
from the tape 14. Adjustment cams %142 are mounted
on screws 143 for determining the upper limit posi-
tion of the arms 138. To thread tape through the as-
sembly, the screws 139 are loosened and the arms 138
are pivoted downwardly. After the tape has been
threaded through the assembly, the arms 138 are pivoted
upwardly into engagement with the adjustment cams 142
and then clamped in this position. The angular posi-
tion of the cams 142 is selected so that the wires 41
resiliently press the tape against the knife edge elec-
trode 131 with the desired tension. It will be under-
stood, of course, that the parts just described are all
suitably insulated so as to prevent the applied voltages
on the electrodes from charging the casing 29a.

With respect to the upper kuife edge electrodes shown
in FIGURE 22, both mild and high temper stainless
steels have been used, the latter better resisting the wear-
ing action of the tape. The best quality of knife edge is
obtained by fine grinding and then polishing the edge
surfaces 148 and 149 to a high finish. It is desirable to
utilize a material that will be hard, to resist wear, yet
have low {friction for reducing drag on the record and
a low vapor pressure for reducing the effects of occasional
sparking through the tape. Edge angles between the
surfaces 148 and 149 of 30°, 45°, and 60° have been
found satisfactory, but an angle of 96° between the sur-
faces 148 and 149 gave a definitely muffled quality to
the playback of signals in the arrangement illustrated in

IGURE 22. - From the standpoint of tape wear and of
‘tape guidance it has been found best to have the knife
edge 131 slightly wider than the tape. For example,
with a ¥4 inch wide tape, the knife edge 131 may have
a width of 1744 of an inch. " A very great improvement
was found to result from adding flat plates such as illus-
trated at 152 and 153 to the parailel ends of the knife
edge electrode to form a guide for channeling the lateral
edges of the tape as it travels through the head assembly.
The incorporation of :a tape guide such as illustrated at
152 and £53 carried with the knife edge 331 is regarded
as an extremely important feature of the head assembly
for trouble-free guiding of the tape through the head
assembly.

* The wire backing electrodes such as shown in FIG-
URES 22 and 23 must have a width sufficiently less than
the width of the tape to insure that all of the wires of
the backing electrode will continually ride on the tape
with an adequate margin of tape at each side of the back-
ing elecirede to provide high voltage insulation betwesen
the backing electrode and the knife edge electrode which
engages the opposite side of the tape.  For example, a
width of .16 inch to .18 inch for the wire backing elec-
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trode is preferred for a tape having a width of % inch
34, inch (manufacturing tolerance).

While originally a tape guide pin was positioned as
indicated in dotted outline at 168 over which the tape
ran between the Leads 19 and 28, it was found that opera-
ticn of this embodiment was improved by omitting this
pin, and providing a free span of tape as indicated at 161
between the heads 19 and 28, and not allowing the tape
to ride over any intervening object between the heads.

It has been found that the lower wire electrode as il-
lustrated in FIGURE 22 is highly advantageous and
greatly improves the quality of reproduction. It is found
that when the wire electrode of FIGURE 22 is used,
pressure confact is obtained at a large number of points
on the tape because each individual wire 41 of the lower
electrode presses a corresponding point of the tape against
the knife edge. In the embodiment of wire electrode il-
lustrated in FIGURE 22, each end of the wire is secured
in good conductive relation to the conductive block 49,
and the individual wires 41 are free to deflect inwardly
slightly as they press the tape against the knife edge 131.
In the modification illusirated in FIGURE 23, only one
end of the wires 41’ is secured to the conductive block
4%', but the wires are arced in such a manner as to ideal-
ly make point contact with the lower surface of the
record member 14 in the same manuer as in FIGURE 22.
The wires 417 are of sufficient stiffness so as to resiliently
urge the tape 14 against the knife edge 131 in the same
manner as the wires 41 of FIGURE 22. The block 48’
would be mounted in exactly the manner illustrated for .
the block 49 in FIGURE 22 and its action would be
substantially the same as the wire electrode shown in
FIGURE 22,

While FIGURE 22 illustrates the use of two heads 19
and 28, it will be understood that only one head can
accomplish recording in accordance with the present in-
vention. - For example, the tape may first be passed be-
tween a single pair of electrodes te prebias the tape, and
the tape can then be passed through the same pair of
electrodes a second time to record on the tape. Further,
of course, the prebias step may be omitted, and record-
ing accomplished by passing the tape through a singie pair
of electrodes only once. In recording with the use of
prebias with a single pair of electrodes, the polarity of

5 the electrodes may be reversed for recording or the tape

inverted after prebias and before recording so that the
negatively prebiased region of the tape produced by a
knife edge such as 131 travels adjacent the lower wire
electrode during recording. - However, it is not neces-
sary that the prebias and recording be done with voltages
of opposite polarity since, for example, it is possible that
recording may be carried out with the knife edge, such
as 131 of a single pair of electrodes, positive both during
prebias and recording.

It is found that the double head of FIGURE 22 be-
sides being mere convenient than a single head when pre-
bias or erase is involved, further provides a material im-
provement in signal-to-noise ratio, possibly by eliminating
handling of the tape between prebias and recording
operations.

FIGURE 5 illustrates diagrammatically the condition
of the tape 14 after it has been prebiased by travel
through the head 19 of FIGURE 22. To form the tape
of FIGURE §, a negative voltage is applied to the knife
edge 131 of the head 1% so that electrons are injected into
an internal region of the tape near the top side or sur-
face 54. Similarly in FIGURE 35, the wire electrode is
positive so that an internal region of the tape near the
iower surface or side 55 thereof will receive a correspond-
ing positive charge. If the prebias voltage is maintained
at ‘a constant non-fluctuating value, the charge per unit
length along the tape in the region near each surface
should be substantiaily constant,

When the prebiased tape iliustrated in FIGURE 35
travels over the recording head 28, the charge paitern
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along the tape is altered so that the charge distributions
in the upper and lower portions of the tape vary in ac-
cordance with the sigials applied to the recording head,
as_illustrated in diagrammatic form in FIGURE 6.

It is found that the maximum output and maximum
signal-to-noise ratio and least distortion are obtained for
a prebias voltage of about —1000 volts and a recording
bias voltage of about J-600 volts. (Thronghout this de-
scription, a bias voltage is given a negative sign when the
negative side of the bias vol tage source is connected to
the knife edge electrode.) 'The signal voltage may, for
example, have a maximum amplitude of about 300 voits
for a direct current recording bias of 600 volts; however,
a maximum signal amplitude of 200 volts is preferred.

In the case where recording takes place without. pre-
bias, a suitable recording bias would be in the neighbor-
hood of 880 volts.

The reccrding bias may be of either polarity, but if
the tape has a previously recorded signal thereon, the
polarity on re-recording should be opposite to that used
in the previous recording to instre erasure of theprevious

record. The polarity is reversed for re-recording either
by inverting the tape or by reversing thé polarity of the
recording bias Voltage applied to the electrodes.

In recording, it is considered to be highly desirable to
have a solid state electrode in Intimate contact with the
record medium so as to facilitate the injection-of charges
into the tape. However, for playb%ch electrode contact
with the tape is not required, since no charge crosses
the tape-electrode boundaries ?nd the chvdned tape pro-
duces current flow in the electrode circuit by induction
simply by virtue of the varyma charge distribution along
the tape.

FIGURE 25 iliustrates -a preferred recerding circuit
for use in conjunction with the head assembly of FIGURE
22. It-will be observed that the prebias voltage is applied

to the electrodes 19 by means of the shiclded leads 176

and 171. - The shielding is represented at 173 and is indi-
-cated to-be grounded to the shield casing diagrammatically
indicated at 28¢ in FIGURE 25. A negative voltage is
applied through the conductor 178 to the knife edge elec-
trode designated generally by the reference numeral 189
of the head .19. The negative. terminal of the prebias
power supply is pxeleraolv grounded as is the shield case
Z0a. Positive potential is applied-to the wire or backing
electrode of the head 19 which is designated: generally
by the reference numeral 181. Recording bias is applied
_bv means of conductors 184 and 185,  The conductor
185 is connected through secondary 186 of tlansiouael
187 with the grounded positive terminal of the recording
bias power supply and leads to the knife edge électrode
designated generaliy by the reference numeral 188 while
the conductor 184 is connected with the negative side of

(¥4
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In the-iilustrated embodiment; the cucmt components
have the Tollowing values:

Ohms
Resistor 1355 ____________________________ 100,000
Resistor 288 il 2,240,600
Resistor 202 o 2,200,600
Resistor 283 il 2,200,000
Resistor 204 ol 2,200,000

Transformer ratio: primary to secondary. 1:50.

Yor playback the conductors 178, 171, 184 and 185
may be disconnected from the head assembly as by means
of suitable terminals carried by the shield case 284 and
the shiclded cable 62 connected to the amphﬁer 66 as
shown' in FIGURE 10 and the electrodes 188, 189 as
shown in FIGURE 26. The backing electrode 189 is

~ preferably shorted either conductxvely or. capacitively to
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the recording bias power supply -and leads to the backing. -

electrode 189 of the recording head 28. The signal: is
illustrated as being introduced by means.of the transformer
187 which is coupled to the transcription amplifier 6.
The amplifier receives a suitable input at 67, A résistor
195 is connected across the secondary of the transformer
187 to insure that the transformer operates into its proper
load impedance. It is considered preferable to have the
knife edge ‘188 of positive ‘polarity 'when, recordirig on
dAvlac” tape with' the illustrated circuit although this is
not a necessary condition. ;

Inthe llustrated circuit, series resistors 20% and 282
have the function of protecting the electrodes from the
“effects ‘of sparking or arcing in case of accidental contact

60

-ordinate - values ‘in

the case 2%a, a conductive short being indicated at 123.
In the embodiment illustrated in FIGURE 26, the elec-
trodes 188 and 189 arc in resilient engagement with the
record member 14 in the same manner as during recerd-
ing. Alternatively, hawevei, one or more of the elec-
trodes may be. spaced from the record msmber during
playback,

It may be noted that in the preceding portion hereof
the symbels “D.C.” and “A.C.” have been used to'repra-
sent direct current and. alternating current-respectively.
The term “mil” used herein refers to .001 inch. The
symbol 7" has been used for inch. The symbol “mfd.”
stands for microfarad; the symbol “db” stands for decibels,
and the symbol “c.p.s.” refers to cycles per second.

ELECTROSTATIC RECORDING THRESHOLD
POTE\ITIAL

FIGURE 28 illustrates the experimental 1esuhs obtained

when Type A Mylar tape of different thicknesses is moyed; )
between a pair of contacting metal electrodes such as
shown at 188 and 181 in FIGURE 22. The uelecmy
coeflicient of the material employsd was about. 3.2, and
the tape was moved at a uniform speed of 15 inc‘nes per
second.,

Curves 389, 361 and 392 represent the observed elec-
trode curients; as they might be measured in conductor
17¢ or 171 in- FIGURE 25, for ‘example, at different
electrode voltages, measured directly between the . elec-
trodes such as 180 and 181, during uniform motion of
an initially uncharged tape between the electrodes. The
FIGURE 28 actually represent the
product of electiode current in microamperes and tape
thickness in mils' (1 mil=.001 inch) divided by .0117.
Curve 388 is taken for a tape thickness of .25 mil, curve
301 for a tape thickmess of .50 mil and curve 382 for
a tape thickness of 1.0 mil. Thus the ordinate values in
FIGURE 28 'must be multiplied by .0468 to obtain the
measured values of electrode current in microamperes for
curve 389, must be multiplied by .0234 for curve 381 and’
by 0117 for curve 382. D’twpolatrw from the linear
portions of curves 38@; 301 and 382 gives exirapolated
threshold potentials of about §70 voits, 730 .volts and -
850 volts, respectively. - Tt will be observed from FIGURE
28 that below voltages of about 560 volts for .25 mil
Wiylar, 650 voits for .50 mil" Mylar and 700 volts for
1.0-mil Mylar, thefe is substantially negligible electrode

- current, while above these incipient or transitional thresh-

“or tape spark-throtigh,  Resistors 281 and 282 preferably -

are of the order of 2%
resistance™ of the Lapc
provided so that the signal and bias sources operate -into
a substantially -constant load resistance. ~Series résistors
205 -and 296 protect the prebias and bias sources from
accidental overload. D

of the-minimum “imotional chmic

Shunt resistors 283-and 264.are
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‘permanently ‘smear 'such a subthreshold recording.

old potentials, there is-d characteristic rxsvw elecuode
current as a function of electrode voltage

- -When signals are recorded by means of. electrode Voit—
ages substantially below these transitional threshold - po-
tentials, the recorded charges are found to be in the nature
of surface chdrges, so that the recorded signal can be:

‘readily-erased by. placing grounded metal electrodés in-

contact with' the opposite surfaces of ‘the tare;, or by ..
drawmg the tape. ‘between electrodes such'as 188 and-189
in FIGURE 26 {0 reproduce the recorded signal. Wiping
a cloth or tissue paper over-the surface of the tape will
Fur-
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ther such a subthreshold recording is permanently erased
when subjected to the ion atmosphere of an ion generator
such as indicated at 18 in FIGURE 27. i

Recordings made with electrode voltages above the in-
cipient threshold potential on the other hand, when elec-
trode configuration as herein disclosed are utilized, are
found to be relatively stable and permanent. Placing
grounded metal plates in contact with opposite surfaces
of the recorded tape, drawing the recorded tape between
contacting metal electrodes and wiping the surfaces of the
recorded tape with a dielectric material do not substan-
tially affect the recorded signal. As a consequence, the
recorded tape may be wound on reels and stored for long
periods of time before playback, and may be repeatedly
reproduced by means of contaciing metal electrodes. In
fact, quite unexpectedly, the ion treatment of an above-
threshold recording does not erase the recorded signal,
but on the contrary has been found to have a surprisingly
beneficial effect on the signal to noise ratio of the repro-
duced signal.

Curve 395 illustrates the electrode current-voltage re-
lationship at a pair of electrodes 188 and 189 for a .25
mil Mylar tape having a dielectric constant of 3.2 which
tape has priorly received a prebias charge by means of
electrodes such as 180 and 181 in FIGURE 25 having a
voltage of —1000 volts therebetween. In this case the
extrapolated threshold voltage is about 4-180 volts and the
transitional or incipient threshold voltage is about 4100
volts. When signal voltages are superimposed upon bias
voltages above the incipient threshold value for a given
prebiased tape, the recorded signal is found to be relative-
ly stable and permanent and is not erased by contacting
grounded metal plates, contacting playback electrodes,
wiping with dielectric material, or by ion atmosphere treat-
ment.

It appears from the experimental evidence that the sig-
nificant factors in achieving such a stable and permanent
recording are the presence of substantially opposite air
gaps between each electrode and the adjacent tape surface
and potential differences across said air gaps correlated
with the length of said gaps so as to produce gaseous ion
charging of each of the opposite surfaces of the tape
substantially simultaneously. It presently appears that
air gaps of at least about .3 mil between the elecirodes and
the adjacent surfaces of the record medium are required
for gaseous ion charging of a dielectric record medium
between the electrodes at atmospheric pressure. For the
electrode configurations illustrated herein, frontal ioniza-
tion gaps are provided at the leading and trailing sides of
the knife edges of frontal electrodes such as 188 and back
ionization gaps are provided adjacent the points of contact
between the tape and the wires of backing electrodes such
as 181. The frontal and back air gaps in the illusirated
embodiments are arranged substantially directly cpposite
each other with respect to the path of the tape to provide
substantially simultaneous application of charge to the
opposite sides of the tape. It will be noted that the frontal
electrode 189 tends to wipe any surface charge from the
tape surface engaged thereby. However, charge deposited
on the tape at the leading side of the frontal knife edge
may be driven below the surface of the tape by the intense
field provided by the frontal electrode which is in pressure
engagement with the tape. The backing electrode has gaps
therein between the successive wires so as to insure a uni-
form transfer of charge to the back surface of the tape
under all operating conditions. :

QOf the two grades of Mylar available from the frade-
mark proprietor, type A and type C, Mylar C has been
found to have the better electrostatic recording proper-
ties. Mylar C ¥4 mil tape is used in obtainiag curves 3¢5

“and 386 of FIGURE 28A. 1t will be noted from curve
306 that the extrapclated threshold voltage measured at
a speed of 3.75 inches per second is about 560 volts for
type C Mylar,
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FLECTRODE CONFIGURATIONS

By way of example of an electrode configuration differ-
ing from the preferred examples previously given, two
025 inch diameter hardened steel chromium plated pins
were used for the prebias and recording bias electrodes
in place of the usual form of sharp knife-edge electrodes.
The pins, in effect, constituted two very blunt knife-edges.

Current-voltage data gave an extrapolated threshold
voltage for the motional tape current of a little less than
500 volts. This was at least 50 volts lower than any pre-
viously observed value for threshold voltage.

Frequency response data obtained at a speed of 11.25
inches per second showed the frequency of greatest play-
back output to be approximately 200 cycles per second as
compared with 800 to.1200 cycles per second usually ob-
served at this speed when using sharp knife-edges such
as described in connection with FIGURE 2. The signal
to noise ratio was only 10.6, or 20.5 decibels, at the opti-
mum frequency and dropped to 2, or 6 decibels, at about
1000 cycles per second. The highest signal to noise ratio
yet found for sharp knife-edges is 137.8, or 42.7 decibels,
at 800 cycles per second, with 3.9, or 11.8 decibels, at
6,400 cycles per seccnd on the same test; this was for a
speed of 11.25 inches per second. Common values are 6
decibels below these figures.

In the present test, the pin-electrode radins (0.0125
inch) corresponded to about a quarter wavelength of the
optimum frequency for the tape speed of 11.25 inches
per second,

As another example of an electrode configuration,
an electrode was made from a section cut from a new
Rolls Hollow Ground Razor Blade made of Sheffield
steel. A %g inch x ¥4 inch section was cut from the
original blade and soft soldered into a piece of brass
machined to the proper shape for adaptation to the
recorder head in place of the recording knife edge in
the system of FIGURE 2. Good frequency response
recordings were obtained with high signal to ncise ratios.
The blade was exceedingly sharp (too sharp) causing
the tape to be cut occasionally when splices or markers
passed through the head.

Razor blade knife edges of the type described above
were plated with chronium to give edges of approximate-
ly .0005 inch radius. Initially, an optimum signal to
noise ratio of approximately 28, or 29 decibels, was found
at a signal frequency of about 600 cycles per second.
The signal to noise value for these knife-edges before
plating was 100 or 40 decibels at an optimum frequency
of 800 cycles per second.

In the condition the chromium plated knife edges were
first received and used, numerous growth-like spots ap-
peared on the plated surfaces as imperfections. After
removing these by careful lapping, an optimum signal
to noise ratio of 54.2, or 34.7 decibels, was obtained at
800 cycles per second.

The inference drawn from the blunt knife-edge ex-
periments described above is that a sharp edge favors
both a high frequency response and a high signal to
noise ratio.

An experiment was conducted to see if a detectable
signal (of 100 cycles per second) could be recorded on
a moving tape that was separated, by stationary pieces
of similar tape, from the knife-edge electrodes on one
side and from the backing electrode on the other. Ap-
proximately the same elecirode voltages were used as
were used in the three-ply tape experiment previously
described in which three thicknesses of quarter-mil
Mylar tape were run between the electrodes.” A record-
ing bias of 910 volts was used and a 100 volt (R.M.S.)
signal. Good signals of substantially the same strength
were obtained on each of the three tapes in this earlier
three-ply. tape experiment. In the present experiment,
where the two outer tapes were stationary, no detectable
signal could be found on the active middle tape.

The dependence of playback signal voltage on the
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number of backing electrode wires of the rer‘ordmg head
was:determined using two ferrite knife-edges and a sin-
gle backing e}ectrode Starting with 76 wires in the
backing electrode, a few were out off at a time. An 0.2
minute recording of an 800 cycles per second signal
- voltage was made at each step, followed by a no-signal
interval of also 0.2 minute. Later, playback was made
using a regular 173 wire backing electrode. Signal
voltage, v was plotted against the number of backing
electrode wires, N. The data appears to be best rep-
resented by a straight line which intercepts the N-axis
at —35 -turns. Thus, the effect of any N turns appears
to be linear with respect to N--5 turns, so that the play-
back signal voltage is given by

y==.0141 (N-5) millivolts.

The physical interpretation for this result is that when
a single turn is used, the rate of change in electrostatic
capacity between the layers of injected charges corre-
sponds to a rate of change in area that is not simply the
width of one turn times tape speed but to a rate ‘of
change in area that is 6 times this width times tape speed.
The effect is probably due to a combination of a normal
“end effect capacity” and' charge diffusion within the tape
in the neighborhood of the. turn or turns; this extends to
an effective distance of 2.5 wire diameters on. either
side of the backing electrode wire or wires.

A backing electrode made of 250 turns of .0005 inch
diameter tungsien wire has been found to provide ex-
cellent results, but with no. marked difference in per-
formance when compared with the results obtained for
the .0007 inch wire; 200 turn electrode.

When the size of wire used in the half-inch diameter

backing electrode was reduced to 0.0005 inch, it was
found that the wires tended to lay over. and also to
“stray” when pressure was applied to the tape. - For
this reason, the winding diameter was changed to %
inch with entire satisfaction. -However, when 0.0007
inch wire is used in this winding diameter, the backing
electrode becomes. too stiff, resulting in excessive tape
friction. . Thus, the choice of backing electrode diameter
secems. somewhat critical with respect to the size of wire
employed.

It ‘has been found advantageous to wind the backing
electrode “wires on a -polystyrene support rather than
on one of metal. Besides being easier to wind, the poly-
styrene support requires no- additional insulation and
reduces the electrical capacity of the backing electrode.

MOTIONAL TAPE CHARGING CURRENTS

.. The experimental arrangemient in FIGURE 29 shows a

tape of thickness ) and dielectric constant K being drawn-

at a speed ubetween a chromium plated kaife-edge (P)
and a backing elecirode of effective width w.. The back-
ing electrode comprises 200 turns of 0007 inch diameter
tungsten wire wound on a ¥4 inch diameter. - A 106 ohm
shunt and electrometer are connected to measure current
L that may be produced Ly a voltage V when the tape is
in motion at the speed #.. Itis found experimentally that
no appreciable current is obtained until the applied voli-
age excesds a cerfain intercept threshold voltage Vt
Thereafter, we may asstme that the effective volt'\oe v-is
given by :

V=V —V; (1)

_Because of the injection. of charge into the tape, the
cifective thickness. S will be less: than the tape thickness
So. “Suppose the tape to move a distance dx in time dr;
then -an electrostatic capacity dC of amount :
1 Ew ' e

e et § % .U 2
dc’,k4ﬂ_sdw(esvu) (2)

will be charged.to the 'vpltagé i —Vy in the-time df, and
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 trodes is provided as shown at B in FIGURE 29,

65

70

23
the corresponding charge dg . transmitted fo each side of
the tape will be
dq:(V——Vt)dC

or
1
dg—-4;(V—E.,) E dz(esu) (3)
and the circuit current Will be
dg Kwds
=8l yyEuleny o ow
If S and W are in mches and
dr
a7 (=u)
- is in inches per second, Equation 4 becomes
I =0 (5)

An experimental curve of this penetration current (I;)
plotted "against V- for connections a, ¢ in FIGURE 29 is
shown in: FIGURE 30, where the inferred or intercept
threshold voltage, Vi, is 635 voits. When a backing elec-
trode of many c¢lose-wounnd fine wires is used, as here, the
linearity of the curve is weil defined and deviates from a
straight line only at its extreme lower end.

Evidence supporting the view that the charge separation
distance S is less than the tape thickness Sy is found in
the fact that the experimental value for I; is always more
than obtained by Equation 5 'when computed on.the as-
sumption that §=8,. This is true even when a reason-
ably over-sized value is used: for the effective width, w.
It has been found, experimentally, using widely spaced
wires ‘in the backing electrode, that the effective width
of a single wire increases with applied voltage, and may
becoine as much as 15 wire diameters at. V=900 volis,
Hence, for a close-wound winding an’ end-effect increass
in backing electrode width may be of the order of 0.019
inch making 0.170 inch’ a likely value for the effective
width w of the backing electrode used in the experiment
of FIGURE 29. At V=500, in FIGURE 41, the current
I, is*1.85 microamperes. —Substifuting these values, with
w=0.170 and ¥=11.25, into BEquation 5-and solving for
S yields

S=O.2246 X10-8(900—-635) X3.2X0.176X11.25

‘1.85
or
§=0.000197 ;
Thus, it is found that S§~0.00020 inch, whereas

Sp=0.00025 inch.

Additional experiments indicate that /S, tends to be
independent of V for V>V which suggests that S may be
an effective separation identifiable with a particular space-
charge distribution function characteristic of this type of

5 current condction.

MOTIONAL TAPE ESCAPE CURRENTS

Further evidence that charges actually penetrate into
the tape is found in the fact that when the electrode volt-
age exceeds about twice the threshold voltage, charges
begin to escape from the tape if a pair of shorted elec-
Itisto
be observed. that when the tape leaves the first knife-edge
(at P) the voltage between charged layers (regardless of
what separation one chooses to assign) is ¥—V3, so that,
when V2V, charges may be expected to leave the tape
at shorted ‘electrodes if - the threshold effect is’ bilateral.
Experimentally, the Ig-curve of FIGURE 41 shows that
this bilateral -behavior does indeed exist and that the in-
ternal tape voliages due to 1&}’Slu of charge appear to pro-

duce ejection or-escape currents in much the same way as -~

external Vo‘tages produce the: initial 1nJectxon or penstra-
tion ‘currents. - The fact that the slope of the Ticurve is
slightly less. than: for. the T)-curve suggests that the effec-
tive width-of the-backing electrode w is:slightly less for
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escape currents where both electredes are at ground or
near-ground potential than for the penetration or imjec-
tion currents where the actual electrode (knife-edge)
potential may be quite high. The possibility of escape
currents must be avoided in electrostatic recording.

In another experiment related to the escape current
effect, chromium plated razor blade knife edges as pre-
viously described herein were used, each having an edge
radius of about .0005 inch; that is, a radius about equal to
that of the backing electrode wires employed. The back-
ing electrode for this experiment consisted of five paralie!
0.001 inch diameter nickel wires separated 0.030 inch.
The electrode assembly and circuit are shown in FIGURE
31. Batteries were used for the voltage supply and all
circuit elements were thoroughly insulated by Teflon or
polystyrene to prevent leakage currents to ground. Con-
nections a, a in FIGURE 31 were used for the measure-
ment of injection currents and connections b, b for the
measurement of ejection currents.

For the a, a connection, injection currents /; were pro-
duced by the battery voltage V, more batteries being con-
nected in series when more voliage was wanted. There
is no ejection current for this connection. For the b, b
connection, the ejection currenis i;, now under measure-
ment, were produced by the voltage difference between
the two layers of injected charge received by the tape as
it passed between the first knife-edge and the backing
electrode. For the measurements of #; and i (for either
the a, a or b, b connection) a Keithly 106 ochm shunt and
electrometer combination was used.

Two complete experimental runs were made., In the
first, battery voltages V were increased step by step and in
the second they were decreased in reverse order. In each
run, for a given batiery voltage, the maximum and mini-
mum valves of i; and of i, were observed over an interval
of 0.2 minute or more and the results recorded. The
averages of corresponding maximum and minimum read-
ings were computed for each voltage V and for each run.
Later, over-all average values of i; and of iz (for the two
runs combined) were determined. These are tabulated
against their corresponding values of V in the table here-
below.

Current-Voltage Data for Mylar Tape Using a Five-Wire
Backing Electrode, Having Wires Separated 30 Diameters

V (Volts) | 1 (Miero- | 4g (Micro- | V-670 fafiy
amperes) amperes) | (Volts)
360 IR 0101 ANROU SN IOUDR
460 P10 S RO IO [
550 P12 T RO IO R,
640 1R 5 EE SOUOUUR PR I
735 15>2 NS ISRV [ [
755 P02 R [ IUUUP I
345 .46 175 | oo
935 .70 265 . 000
1,025 1.07 355 0075
1,115 1. 55 445 .0135
1,125 1.585 455 L0155
1,220 1.92 550 022
1,310 2. 65 640 . 040
1,395 3.1 725 .075
1,483 3.6 815 .103
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The meter readings of i; and i, were both positive for
the circuit . arrangements of FIGURE 42 showing that
whereas the currents iy were Irjection currents, the cur-
rents i, were in the opposiie direction within the tape and
hence were ejection or escape currents. The ratios of 7y
to corresponding #; are tabulated in column 5 of the above
table.

70

a0
£l

Values of 7; and i, from the table were plotted against
V and the ratios iy/i; were plotted against V. The iy
curve has nearly the same form as that of i; but is dis-
placed by 670 volts. This has been demonstrated by plot-
ting the i, data also against ¥ —670. These latter points
substantially agree with the curve of i; versus V. Thus,
it appears that the internal tape voltages due to layers of
internal charges produce the ejection currents in much
the same way that external voltages do in producing the
initial injection currents.

Jowever, when one considers the trend of the iy/i;
curve, the conclusion is reached that insufficient data are
available for completely satisfactory generalizations to be
made, Thus, the ratio iy/i; appears to approach uvnity
at about 1870 volts, vet from the plots of i; and iy this
can never occur if the forms of the i; and iy curves con-
tinue to be the same. This would be explained however,
if it could be shown that breakdown can be expected to
occur if i,/i1<0.5 or something of this sort. Concern
over possible damage to the knife-edges and/or backing
electrode has prevented the tests from being carried closer
to the tape voltage-breakdown point which is thought to
be in the neighborhood of 1,800 volis.

The plot of i; versus electrode voliage for the arrange-
ment of FIGURE 31 gives a substantially less linear curve
for values of voltage between 7G0 volts and 1000 volis
than the I; curve of FIGURE 30, for example, which
was taken using closely spaced backing wires, The in-
cipient threshold voltage, where appreciable motional cui-
rent begins to be observed, is about 460 volts instead of
about 580 volts as found for curve Iy in FIGURE 30.

ELECTROSTATIC RECORDING EXPERIMENTS
IN VACUUM

A special tape drive mechanism was installed in a vacu-
um bell-jar for obtaining Mylar current-voltage and re-
cerding data at pressures of the order of 0.01 microns of
mercury.

For the current-voltage experiments, tape was driven
(from a roll) at about 5 inches per second, in steps of
about 48 inches at a time, by a weight-operated drive.
At the end of each step the fallen weight was lifted to
its former height by means of a large magret held against
the wall of the beli-jar. For making recordings, a closed
lcop of tape 33 inches long was similarly driven. Pulley
radii were adjusted so that one fall of the weight provided
for exactly one turn of the loop.. Recording was made
on the first passage of the loop and playbacks on subse-
guent passages.

It was found from the Mylar current-voltage experi-
ments that

(1) Currents were obtained.

(2) In magnitude, the currents were approximately
one-twentieth of those found at atmospheric pressure when
using the same electrodes and tape speed.

(3) The threshold voltage for the vacuum data was the
same as had been obtained for the atmospheric data.

(4) The general shape of the two current-voltage curves
was the same; that is, when the vacuum current values
were plotted using an appropriately decreased scale factor,
the vacuum and atmospheric curreat-voltage curves tended
to coincide.

From the fact that the tape charging currents in
vacuum were but one-twentieth of those found at atmos-
pheric pressure, one must conclude that gaseous ions play
an important part in the transport of charges between
the electrodes and the tape. (A visible gas discharge is
known to exist and in the dark it may be seen along the
tape in the vicinity of the electrodes.) .

The data indicate that no more than one-twentieth
of the tape area is physically contacted by the electrodes;
or, in fact, that the areas of contact plus the areas of
immediate charge diffusion within the tape are less than
one-twentieth of the full tape area passing between the
opposed electrodes. Hence, gaseous discharge appears to
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provide efficient full-area electrical confact between the
electrodes and tape. It is further possible. that in air the
gasecus discharge may provide for all of the charging
current through causing the tape to be fully charged abead
of the actual physical contact with the electrodes.

In the vacuum experiments, the same threshold volt-
age appears-as for air, but in the absence of gaseous
discharge. This may suggest to some that occluded gases
may be responsible for the vacuum data.
is mot thought to be so, partly because of the results of
the vacuum recording experiments.

In the vacuum recording experiments, the 33 inch
Mylar loop, previously mentioned, was given a single
twist before joining the erds. The tape, therefore, pre-
sented an opposite side to a given electrode at each suc-
cessive passage of the loop. This simplified recording
with prebias and in making erasures for re-recording.

Vacuum recordings were successfully made with this
arrangement, both with and  without prebias. - Signal
to noise ratios at least as gréat as 5 to 1, or 14 decibels,
were obtained in both cases. Some recordings, made
without prebias and using a low bias voltage, showed the
unusual playback behavior of signal-presence “only on
every other passage of the loop. That is, cutput signals
were obfained only when the tape sides presented them-
selves to the electrodes in the same aspect -as during
racording.

For the recordings made. with prebias, a D.C. prebias
voltage of 900 volts was applied (with no signal) during
the first passage of the loop and a D.C. bias voltage of

%3

However, this -«

20

30

600 volts was applied, with signal, during the second -

passage of the loop. At a tape speed of approximately
1.5 inches per second strong signals of 5 to 1 signal to
noise ratio were obtained at 106 cycles per second.

Two tests were made using variable frequency in an
attempt to arrive at a frequency response limit by noting
the point of audible cutoff. In the first of these tests, the
recorded signal frequency was increased from 100 to
1000 cycles per second and then back down tc 100 cycles
per second.” On playback of this recording, varicus ob-
servers thought they could follow the frequency.tone to
about 500 or 700 cycles per second. In a second similar
recording the signal frequency ranged from: 100 to 500
cycles per. sécond and back to 180 cycles per: second.
For this recording,-the tone remained audible for the
entire playback time.  Accepting 500 cycles per second
as the frequency résponse. limit, the tape signal wave-
length was  found-to be. 0.0033 inch per cycle.

It had been -thought that the frequency limif would
be greater ‘than this. It, of course, could be true that
the frequency limit observed was.imposed by the system
of playback employed with the actual recorded  fre-
quency limit remaining: unknown.. In any case, the fre-
quency limit found for the vacuum recordings-is substan-
tially identical with that found for normal atmospheric
recordings. '

It was:found possible; using the twisted Mylar loop
of tape, to erase-and re-record numerous times without
apparent change in-the intensity or guality of successive
recordings Erasure in all-cases completely removed the
previous signal.

It was obsuvei for the vacum recordings that tl
could be played back at atmospheric pressure with some
reduction ‘in noise.” However, in all cases tried no play-
back signal was obtainable-after 24 hours.

FFECT OF ION GENERATOR LOCATION
ON QUALITY OF RECORDING

A group of four test recordings has ‘been made having
jons at both positions as usual;. at. the Qupply reel ‘only,
at the takeup reel only, and with no ions at all.

-In the pmyback and re-winds of these recordirigs ions
were applied just as they were during their preparations.
Cathode ray . oscilloscope ‘and listening ebservations per-
haps have' given more useful information than the routine
" meter readings of noise and signal output. Summaries of
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roige ‘and- signal output voltages are given in: the table
below.

Playbuack Signal and Noise Quiput Voltages of
Recordings Made With Ions Variously Applied

‘ G, | 6, =) (=) (=, =)
Days After Recording milli- 1m1h- milli- | - mili-
volts | volts-| volts | volts

0.9 0. 65 0.28 2.1

14.6 12.6 16,7 15,0

16.2 10.1 59.6 8.1

1.08 0. 76 0.32 2.1

13.2 1.6 11.2 13.0

12.2 15.3 35.0 6.2

0.72 0.94 0.26 2.6

Signal....- 9.6 9.6 10.1 113

Sig,/N....-| 13.3 10.2 38.8 4.3

(8, T Tons 8t supply reel, §, and at takeup reel, T.

(S ~) Tons only at sapply reel.

. (—, T) Ions only at takeup vee]
(~, —) Noions used: :

The values given are the averages of readings written
down rapidly and at random during playback. In gen-
eral each recording was prefaced by a microplione an-
nouncement that lasted a little less than 0,25 minute, fol-
lowed by the remainder of an 0.5 minute interval, which
constituted the period over which noise readings were
taken. “The 0.5 minute interval of voice-plus-noise was
followed by a one-minute signal interval.

The table shows clearly the inferiority of the “no ions”
recording and the superiority:of the (—; T) reading. . The
cathode ray oscilloscope revealed that the (S, T) and
(8, —) recordings each had strong 60 cycles per second
envelope curves, appalemly introduced by charge pickup
from the supply reel ion generator. These envelope curves
were ‘quite. regular and appeared. to have amplitides ap-
proaching oné-half that of the 800 cycles per second sig-
nal «curve. - ‘The .envelope curves of the (—, T) signal
were straight horizontal lines, the signal wave forms were-
good sine waves, and the tone was clear. The “envelope”
(if it could be called that) for the (—, —) signal was
erratic, containing an apparent jumble of low frequency
waves. . However, the 800 cycles per second signal wave
form itself became at times a fairly good sine wave.
The vocal announcement for this recording was always
bad and for the 20-day playback it was barely intelligible.
The announcements for other recordings were. clear.

It has been ascertained that an ion genmerator yloldng
substantially equal numbers of positive and neganve ions’
(beyond its grotinded grid-like enclosure) gives the best
reduction in tape noise.” By inserting a variable direct
curréent source in line 79 as indicated at 78 in FIGURE
21 and adjustmg the direct current component to: the
ion generator’s. brush-discharge points, the ion output
could - be “varied” from predominantly negatlve to pre-
dominantly positive.

For unused %4 mil Mylar roli-tape, proper ion gen--
eraltor ad]ustment results in about a 10 decibel reduction "

~in tape noise if the tape is subjected to ions after pascaep
over roll 16, FIGURE 1, :and immediately wound onto
a reel.such as.shown at 12 in FIGURE 1, whether or not
the tape contacts any” other part of the apparatus shown
in FIGURE 1 prior to roll 16. Ions are particularly
beneficial in reducing high frequency noise in ‘unused roll
-tape. Electric prebias-and bias treatment of vaused roll
tape (with zero smnal) appears to be beneficial in reduc-
ing low frequency noise.

It-is at present thougtit-that while “post-head” ions are
essential and perhaps:-sufficient, the supplementary use of

pre—h\,a ? ions -during 1e<:01dm5 ensures better - wave
forms in.the playback output.:

Based on the observed motu:ma1 currestsin the exlernul
electrode. circhits “in the illustrated embodiments of the

“.present mve‘mon, it is calculated that' 1elat1vely enormous

charge densities” are -deposited upon the tape. For ex-
ample for a
area of:the tape under the knife edge slectrode and. the
area of the tape confronting the backing electrode receive

prebias electrode voltage of 900 volts, the i
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charge densities of the order of at least 100 es.u. per
square centimeter. By comparison, under normal circum-
stances, the surface of a dielectric can maintain a charge
density of about 8 e.s.a1. per square centimeter before the
surrounding air breaks dawn and the charge is dissipated.
There is every evidence that the charge deposited on the
tape remains there rather than being dissipated, since
tape voltages of the order hundreds of volts are readily
measured after the pre-biasing step. Xt will be understood
that a pre-biased tape as illustrated in FIGURE 5 is use-
ful as an article of manufacture, since such a tape may
be passed through recording electrodes at a later time
without the use of any further pre-biasing step. By treat-
ing the pre-biased charged record tape with gasesous ions
of polarity to neutralize the external field of the recorded
charges in the tape, it is possible to store such a pre-
biased tape for future use,

As illustrated in FIGURE 35, it is considered that the
ions such as diagrammatically indicated at X are retained
on the surfaces of the tape by electrostatic attraction to
the internal charges adjacent the opposite surfaces of th
record tape. These ions are believed to act as keepers
tending to prevent the migration of the injected charges
of opposite polarity toward each other through the thick-
ness dimension of the tape. Further, when a charged
tape such as indicated in FIGURE 5 or FIGURE 6 is
wound in a reel, keepers applied to the external surfaces
of the tape as illustrated in FIGURES 5 and 6 apparently
act to prevent the recorded signal of one layer of tape
from effecting a permanent alteration in the charge dis-
tribution of adjacent layers of tape. When charged tape
is stored on a reel without the use of ions it is found that
the tape becomes very noisy and the phenomenon of sig-
nal transfer between adjacent convolutions of the tape on
the reel is observed. It is believed that the ions serve to
neutralize the external fields of the internal recorded
charges on the tape and produce a net reduction in the
external eleciric field which might otherwise contribute
to the transfer phenomenon.

In preserving a recorded signal on the tape such as .

illustrated in FIGURE 6, it is important not only to
provide the ion keepers, but also to maintain the tape in
a dry atmosphere such as is provided by storing the tape
in a confainer which is relatively air tight and which is
provided with a suitable desiccant for removing moisture
from the air within the container. Desiccator storage of
recorded tapes produced by the present invention has bzen
found to greatly prolong the useful life of the records.

In addition to or as an alternative to the use of ion
keepers when a record tape is wound on a reel, the margins
of the tape may be provided with longitudinal ribs which
tend to separate the adjacent layers of the tape and thus
reduce the effective transfer fields between the successive
layers of the tape on the reel. Such ribs preferably form
a small part of the overall cross section of the tape and
the ribs may project at the side of the tape away from the
Knife edge electrodes for the illustrated embodiments so
that the ribs may pass freely between the wires of the
backing electrode. Many other arrangements will readily
occur to those skilled in the art for spacing the convolu-
tions of a recorded tape wound on a reel, and for other-
wise reducing the effective strength of the transfer fields.
It may be noted referring to the charged record tapes of
FIGURES 5 and 6 that by the use of excesses of positive
and negative ions after the injection of the equal -and
opposite mutually bound charges, substantially all sur-
face charges on the record medium will be neutralized.
Further, if any excess of negative or positive charge is in-
jected into the record medium, it appears that the ions
are eifective to withdraw such surplus charge, since such
charge is not intensively bound within the tape by means
of the corresponding charge of opposite polarity on the
opposite side of the tape. In other words for such net or
excess charge which is unbound, the ion treatment ap-
pears to be effective to neutralize or cancel such charge,
so that effectively: the resultant record medium has sub-
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stantially equal guantities of charge of opposite polarity
at directly opposite points through the thickness dimension
of the record medium as illustrated in FIGURES 5 and 6.

Various experimental evidence indicates that noise may
be eliminated from a tape during the manufacturing proc-
ess either by ion treatment which may serve to remove
unbound net charge such as indicated in FIGURE 7, or
by rendering the tape interior conductive or of relatively
less resistivity, for example by subjecting the tape to radia-
tion or impregnating the tape with moisture.

REACTOR IRRADIATED TAPE

A roll of 1200 feet of 0.25 in. wide, 0.00025 in. Mylar
tape wound on a 3 inch diameter, 0.5 in. wide polystyrene
cylinder was given a y-irradiation dosage of 1.09x105
roentgens from a cobalt-60 source, The irradiation con-
sisted of approximately 105R per hour for one hour, the
dosage being measured with a ceric-sulfate dosimeter.
Noise reduction of approximately 50 percent resuited.

A second irradiation of approximately the same
strength, bringing the total dosage to 2.0X10°R, also
was made. No certain further reduction in noise was
observed. '

ELECTROSTATIC RECORDING EXPERIMENTS
WITH MATERIALS OTHER THAN MYLAR

Recording experiments recently have been made with
0.06075 in. polyethylene, new 0.0005 in. cellulose acetate,
and 0.0005” polystyrene tapes. Recordings, though in-
ferior, were found possible with polyethylene and poly-
styrene, but no recording at all was obtained with the
cellulose acetate. Threshold voltages comparable with
that of 0.00025" Mylar were found for each of the tapes.
It is believed that the new cellulose acetate tiied has had
too high a volume conductivity to provide a permanent
type recording.

RECORDING WITH A SPACED FRONTAL OR
BACKING ELECTRODE

Experiments have been carried out to determine the
effect of spacing either the backing or frontal electrode
from the tape during recording.

In one series of experiments, a circuit similar to that
of FIGURE 14 was used. Capacitors $7 and 58 had
values of .005 and .05 microfarad, respectively, and re-
sistor 68 had a value of five megohms. In place of re-
sistor §5, a resistance of 50 megohms was interposed be-
tween power supply 56 and the junction of resistor 68
and capacitor 98. A capacitor of .01 microfarad had one
terminal connected to the juncture of the positive side of
the power supply 56 and the adjacent terminal of the 50
megohm resistor, and the other terminal comnected to
ground. The connecticn between transformer 63 and
ground was omitted, resistor 96 was omitted, electrode 21
was connected to ground, and lead 94 connected capac%tor
61 directly to the juncture of resistor 68 and capacitor
8. Capacitor 61 had a value of 50 micromicrofarads.
The power supply 56 had a direct current output voltage
of 1620 volts to provide a voltage between electrodes
22 and 21 of about 1500 volts. A signal of about 59
volts r.m.s. and 800 cycles per second was available at
the secondary 63 of transformer 3.

During recording successively greater spaces a and b
were introduced at the extreme edges of the backing
electrode between the backing electrode and the adjacent
undersurface of the tape at the pre-bias and recording
electrodes the backing electrode being cocked transversely
of the tape path so that the successive wires thereof be-
tween the outside wires were spaced successive distances
between the limit distances @ and b. Recordings were al.l
played hack with ¢ and b equal to zero, that is with each
wire of the backing electrode contacting the tape at the
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pre-bias and record positions, The observed signal and
noise playback voltages (in millivolts) are as follows:

Gap (mils) Signal
Nolse Blgnal | to noise
(mv.) (rav.) ratio
@ b
0 0 .78 24.5 314
0 1.3 1.0 20. 8 20.8
0 2.6 1.2 19.8 16. 5
1.3 3.9 1.4 13.7 9.7
2.6 5.2 L5 4.8 3.2
3.9 6.5 L5 13 —

On the basis of this and other experimental work, it
is concliided that the electrode arrangements herein dis-
closed will provide stable recordings of high signal to
noise ratio only if there is at least some physical contact
between cach electrode and the tape. Thus for simple
electrode and tape guidance configurations, physical con-
tact between the electredes and the tape appears essential
for electrostatic recording of analog type signals, On the
other hand, the experimental findings indicate that elec-
trode - configurations giving substantially simultaneous
equal and opposite charging of the opposite sides of a thin
dielectric tape will provide charge injection records of
substantial permanence even though one or more of the
electrodes are spaced from the tape during recording.
Such sirmultatieous equal and opposite charge recording
with a spaced electrode is thus considered to have utility
in less critical applications where the recorded tape is to
be wound on reels after recording for subsequent repro-
duction or where the tape is to be repeatedly electrically
répreduced and the like. One important application
would be for storage of information in digital computers.

In the claims, the term “charge injection” refers to the
transfer of volume charges to a tape or other record me-
dium in such a way that the charges are stably bound to
the tape and cannot be erased by wiping the tape, for ex-
ample with a soft dielectric material such as tissue paper.
The charge on the tape may reach values of hundreds of
volts as measured by an electrometer and may be of the
order of four to five volts as measured across playback
electrodes such as shown at 188 and 189 in FIGURE 26
for suitably high playback load resistance.

It will be apparent that many modifications and varias
tions may be effected without departing from the scope
of the novel cornicepts of the present invention.

The present ayphcatlon s a contmuatlon-m—part of my
copending applications Serial No. 593,646, filed June 25,
1956 and now abandoned, Serial No. 729,369, filed April
18, 1958 and now abandoned and Serial No. 732,051,
filed April 30, 1958 and now abandoned.

I claim as my invertion:

1. The method of recording intelligence which com-
prises impelling gaseous ions of opposite polarity substan«
tially simultaneously to respective directly opposite sur-
face portions of a chemically stable light insensitive high
resistivity dielectric récord medium to inject charges of
opposite polarity into subsurface regions of the record
medium which are directly opposite each other and are
separated by high resistivity portions of the record me-
dium for intense mutual binding of the charges to the
record medium, and ‘controlling the injection of said
charges of opposite polarity in accordance with the in-
telligence to be recorded on the record medium.

2. The method  of recording intelligence which com-
prises impelling charges of opposite polarity to respective
opposite surface portions of a chemically stable light
insensitive high resistivity dielectric record medium to
inject charges of opposite polarity into opposed subsur-
face regions of the record medium which are separated
by high resistivity portions of the record medium for in-
tense mutual binding of the charges to the record medium,
controlling the injection of said charges in accordance
with the intelligence to be recorded on the record medium,
and subjecting the record medium to a quantity of gaseous
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ions sufficient to substantially neutralize the external fields

produced by the recorded charges in the record medium

prior to storage of the record medium for subsequent re-

production of the recorded intelligence, said ions having
subctantially negligible affect on subsequent reproduc-

tion of the recorded information,

3. The method of recording intelligence which com-
prises impelling charges of opposite polarity to respec-
tive directly opposite surface portions of an electrostatic
record medium with sufficient intensity to inject charges
into opposed subsurface regions of the record medium,
controiling the transfer of said charges to the record me-
dium in accordance with the intelligence to be recorded
on the record medium, subjecting the record medium to
a quantity of gaseous ions sufficient to substantially neu-
tralize the external field produced by the record charges
in the record medium without deleteriously affecting sub-
sequent reproduction of the information represented by
the injected charges, and winding the record medium in
a coil for storage without any substantial contacting of
the record medium with foreign bodies between the ion
treatment and the winding steps.

4. The method of recording intelligence which com~
prises impelling gaseous ions of opposite polarity to re-
spective opposite surface portions of a chemically stable
light insensitive high resistivity dielectric record mediom -
to imject charges of opposite polarity in subsurface re-
gicns of the record medium which are directly opposite
each other and are separated by high resistivity portions
of the record medium for intense mutual binding of the
charges to the record medium, conirolling the transfer
of said charges of opposite polarity in accordance with
the intelligence to be recorded on . the record medium,
and storing the record medium with the intelligence re-
corded thereon in a dry atmosphere.

5. The method of recording intelligence which com-
prises injecting charges of opposite polarity into opposed
subsurface region of a moving electrostatic record me-
dium so as to be directly opposite each other and sepa:
rated by a high resistivity portion of the record medium
for intense-iutual binding of the charges to the record
medium, controlling the transfer of said charges in accord-
ance with the inteltigence to be recorded on the record
medium, subjecting the record medium after the recording
step to a quantity of gaseous jons sufficient to substantially
neutralize the external field produced by the recorded
charges in the record medium without deleteriously affect-
ing subsequent reproduction of the information repre-
sented by said injected charges, and thereafter storing the
record medium with the intelligence recorded thereon in
a dry atmosphere prior to electrical reproduction of the
recorded intelligence.

6. The method of recording intelligence which com-
prises subjecting a chemically stable light insensitive high
resistivity dielectric record medium to electric fields above
a threshold value for producing gaseous discharge at each
of a pair of directly opposite surface poriions of the rec-
ord medium, whereby gaseous ions of opposite polarity
are impelled substantially simultaneously to the respective
directly opposite surface portions of the record medium,
subsurface regions of the respective record medium
surface portions receiving substantially simuitaneously
charges of opposne polarity which are substantially di-
rectly opposite each other through a dimension of the
regord medium to provide intense muitual binding of said
charges of opposite polarity to the record medium, and
controlling the charge transfer to the opposite surface
portions of the record medium in accordance with the
intelligence to be recorded on the record medium.

7. The method of recording intelligerice which com-
prises mxectmg charges into opposed subsurface regions of
a ‘moving dielectric record medivm which are intensely
bound within the record medium by equal charges of
opposite polarity separated from the injected charges by
a path of high resistivity, controlling the charge injec-
tion in accordance with the intelligence to be recorded,
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and thereafter storing said medium with the intelligence
recorded thereon in a desiccated atmosphere for repro-
duction after a substantial time delay.

8. The method of recording intelligence which com-
prises injecting charges into opposed subsurface regions of
a moving dielectric record medium which are intensely
bound within the record medium, controlling the charge
injection in accordance with the intelligence to be re-
‘corded, and thereafter storing the medium with the in-
telligence recorded thereon disposed along sections of the
record medium in a desiccated atmosphere substantially
in contact with each other for subsequent electrical re-
production.

9. An electrostatic record miember comprising a dielec-
tric record medium having injected charges of opposite
polarity in directly opposite subsurface regions thereof
which are intensely bound to the record medium by vir-
tue of their mutual electrostatic attraction, and keeper
ions on the respective opposite surfaces of the record
medium of polarity to neutralize the exiernal field of the
injected charges.

10. An electrostatic transducer system comprising re-
producing means for receiving a record mediom having
a recorded sigaal in the form of charges of opposite po-
larity injected into respective opposite subsurface regions
thereof, means for winding said record medium onto a
reel after travel thereof past said reproducing means with-
out erasure of the recorded signal, and means beycad
said reproducing means for depositing charges on the sur-
face of the record medium to inhibit signal fransfer be-
tween adjacent convolutions of the record medivm with-
out deleteriously affecting subsequent reproduction of the
information represented by said injected charges.

11. An electrostatic record assembly comprising a di-
electric record medium having a signal recorded thereon
in the form of charges of opposite polarity disposed in
opposed subsurface regicns of the record medium, said
charges being mutually intensely bound to each other and

cparated by paths of high resistivity extending along a
dimension through the record medium, the voltage across
said dimension at portions of the record medium reach-
ing levels of the order of 100 volts.

12. An electrostatic record assembly comprising an
electrostatic record medium wound into a coil and hav-
ing a signal recorded thereon in the form of charges of
opposite polarity disposed in opposed subsurface regions
thereof, mutually bound to the record medium and sepa-
rated by a path of high resistivity, and ions on the medium
of polarity and locaticn to substantially reduce the stray
field of said mutually bound charges to inhibit signal
transfer between adjacent convolutions of said record
medium.

13. An electrostatic record assembly . comprising an
electrostatic record medium wound into a coil and having
a signal recorded thereon in the form of charges of op-
posite polarity dispesed in opposed subsurface regions
thereof, mutually bound to the record medium and sepa-
rated by a path of high resistivity, ions on the surface of
the medium of polarity and location to inhibit signal
transfer between adjacent convolutions of said record
medium, and a container for said record medium having
a desiccant therein.

14, A device for electrostatically recording information
on a dielectric recording medinm, comprising a pair of
spaced electrodes, means for moving the recording medi-
um between said electrodes, and means connected to said
electrodes for applying across the same a voltage repre-
senting the information to be recorded, said voltage being
greater than a threshold voitage that produces an electric
field between said electrodes of sufficient intensity to
cause an abrupt rise in current flow in said elecirodes
when said recording medium is moving therebetween, but
less than that required to cause breakdown of the re-
cording medium, the electrodes being shaped and spatially
positioned so that the medium is spaced from both elec-
trodes adjacent the location of maximum field intensity
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between said elzctrodes to permit a gaseous discharge to
take place on both sides of the recording medium adja-
cent the location of maximum field intensity between said
electrodes, whereby charges are injected into subsurface
regions of the medium.

15. A device for electrostatically recording information
on a dielectric recording medium, comprising a pair of
spaced apart, opposed electrodes, means for moving the
recording medium between said electrodes and in contact
therewith, means connected to said electrodes for apply-
ing across the same a voltage representing the informa-
tion to be recorded, said voltage being greater than a
threshold voltage that produces an electric field between
said electrodes of sufficient intensity to cause an abrupt
rise in current flow in said electrodes when said recording
medium is moving therebetween, but less than that re-
quired to cause breakdown of the recording medium, the
electrodes being shaped so that the medium is spaced
from boih electrodes adjacent the location where said
medium contacts said electrodes to permit a gaseous dis-
charge to take place on both sides of the recording medi-
um adjacent the location of maximum field intensity be-
tween said electrodes, whereby charges are injected into
opposad subsurface regions of the medinm.

16. A device for electrostatically recerding information
on a dielectric recording medium, comprising a pair of
spaced apart, opposed electrodes, means for moving the
recording medinm between said electrodes, and means
connected to said electrodes for applying across the same
a voltage representing the information to bLe recorded,
said voltage being greater than a threshold voltage that
produces an electric field between said electrodes of suf-
ficient intensity to cause an abrupt rise in current flow in
said electrodes when said recording medium is moving
therebetween, but less than that required to cause break-
down of the recording medium, each electrode being
shaped in a manner such that facing surfaces of the elec-
trode and the record medium form a converging passage-
way leading to the posifion of maximum field intensity
beiween said electrodes to permit a gaseous discharge to
take place on both sides of the recording medium adjacent
the location of maximum fleld intensity between said
electrodes, whereby charges are injected into opposed sub-
surface regions of the medium.

17. A device for electrostatically recording informa-
tion on an elongated dielectric recording medium, com-
prising a pair of spaced apart, opposed electrodes, means
for longitudinally moving the recording medium between,
and in contact with both of said electrodes, both of said
electrodes having contact with the recording medium
along lines transverse to the direction of travel of the
recording medium and substantially opposite each other
on the opposite sides of the recording medium, each elec-
trode being shaped in a manner such that facing surfaces
of the electrode and the record medium form a converg-
ing passageway leading to said line of contact, and means
connected to said elecirodes for applying across the same
a voltage representing the information to be recorded,
said voltage being greater than a threshold voltage that
produces an electric field between said electrodes of sof-
ficient intensity to cause an abrupt rise in current flow in
said electrodes when the recording medium is moving
therebetween, but less than that reguired to cause break-
down of the recording medium to permit a gaseous dis-
charge to take place on both sides of the recording me-
dium adjacent the location of maximum field intensity
between said electrodes, whereby charges are injected into
opposed subsurface regions of the medium.

18, A device for clectrostatically recording a variable
amplitude signal on a diglectric recording medium, com-
prising a pair of spaced apart, opposed electrodes, means
for moving the recording medium between said electrodes
and in contact therewith, means connected to said elec-
trodes for applying across the same a variable signal volt-
age representing the signal to be recorded, and means for
adding a biasing voltage to said signal voltage, said bias~
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ing voltage being sufficient to provide a total voltage across
said electrodes greater than'a threshold voltage that pro-
duces an electric field between said electrodes of sufficient
intensity to cause an -abrupt-rise in current flow in said
electrodes when said recording medium is moving there-
between, but less than that required to cause breakdown
of the recording medium, each elecirode being shaped in
a manner such that facing surfaces of the electrode and
the record medium form a converging passageway lead-
ing to, and a diverging passageway leading from the loca-
tion where said medium contacis said electrodes to permit
a gaseous discharge to take place on both sides of the
recording mediuin adjacent the location of maximum field
intensity between said electrodes, whereby chargés are
injected into opposed subsurface regions of the medium.

19. A recording device comprising a_record member
having charge storage regions of dielectric material ad-
jacent directly opposite surfaces thereof, pre-biasing means
for applying across said record member a pre-bias voltage
exceeding a pre-bias threshold value where for said record
member a characteristic abrupt rise in electrode current
occurs during movement of said record member but less
than the breakdown voltage of said record member, there-
by injecting pre-biasing charges of opposite polarity into
the respective charge storage regions of the record mem-
ber, and recording means for injecting charges of opposite
‘polarity from the pre-biasing charges into the respective
charge storage regions of said record member in accord-
ance with an intelligence to be recorded, said recording
means applying across said member a recording voltage
exceeding a threshold value where for said fecord mem-
ber having said pre-biasing charges a characteristic abrupt
rise in charging current to'the record member occurs dur-
ing movement ‘of said record member but less than the
breakdown voltage of said record member where spark-
through of the record member begins.

20. A device for electrostatically recording information
on a dielectric recording medium comprising a first pair
of spaced, opposed electrodes, a second pair of spaced,
‘opposed electrodes, means for moving the recording me-
dium successively to said first pair and to said second pair
of electrodes, mieans connected to said first pair of elec-
trodes for applying across the same a pre-bias. voltage
greater than a threshold voltage that produces an electric
field between said first pair of electrodes sufficient to cause
an abrupt rise in current flow in said electrodes when said
recording medium .is moving. therebetween, but less than
that required- te cause breakdown of the recording me-
ditm, and means. connected to. said second pair of elec-
trodes for applying across the same a recording voltage
representing the information to be recorded, said record-
ing voltage being of opposite polarity to that of the pre-
bias voltage and being greater than the threshold voltage
of the prebiased medium but less than the breakdown
voltage of the medium, the second pair of electrodes being
shaped 'so that the medium is spaced from beth-of said
second pair ‘of exectiodes_;mmedlately prior to passing
through the position of maxzimum field intensity between
said second pair of electrodes to permit a gaseous dis-
charge to take place on both sides of the medium prior
to the movement of said medium through a location of
maximum electric field.

21. A signal recording device comprising spaced elec-

trode means, means for passing a dieleciric record mem-
ber between and in contact with said spaced electrode
means, and means for 1mprussm a voltage across said
electrode means which i5 a function of a signal fo be re-
corded, said voltage being greater than a threshold velus
where for said dielectric ‘r'ec'o‘rd member a characteristic
abrupt rise in electrode ‘current occurs during movement
of said record member, but Iess than the breakdown volt-

age of such record member where sparkthrough of the .

record member begins, said elzctrode means having mul-
tiple point contact with said record member along lines
transverse to the direction of travel of the record mem-
ber and substamlally oppos1te each other on the opposite
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sides of the record member, whereby charges are injecied
into opposed subsurface regions of the medium.

22. A signal recording device comprising spaced. elec-
trode structures, a record member having charge storage
regions of dielectric material adjacent directly opposite
surfaces of the record member, means for moving said
record member relative to said electrode. structures with
the electrode stiuctures in engagement with the respec-
tive 0pposi ite surfaces of said record member, and means
for xmprescmg a veltage across said electrode structures
which is a function of a signal to be recorded, said volt-
age being greater than a threshold value where for said
record membm a characteristic abrupt rise in €léctrods
current oceurs during movement of said record member
but less.than the breakdown voltage of said record mem-
ber whare sparkthroigh of the record mémber begins,
one of said electrode structures having portions thereof

engaging said record member at points along a line trans-

vérse . to. the direction of travel of the. record member

with air gaps between the successive portions along said
line, said portions being electrically connected together
to serve. as a single electrode unit, whereby charges are
injected into said storage regions.

23. A signal recording device comprising spaced elec-
trode structures, a record member having charge storage
regions of dielectric material- adjacent directly opposite
surfaces of the record member, means for moving said
record member relative to said electrode structures, with
said opposite surfaces of said record member in engage-
ment with the respective glecirode structures, and means
for nnpwss*ng a voltage across said electrode structures
which is a function of a signal to be recorded, said volt-
age be;ng greater than a threshold value where for said

record member a characteristic abrupt rise in electrode
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current occurs during movement of said record member
relative to said elzctrode structures but less than the break-
down voltage of said record member where spark-through
of the record member begins, one of said electrode struc-
tures including a knife edge in contact with said mem-
ber, the other of said electrodes having portions thereof
arranged side by side transversely. of the direction  of
movement of the record member with aii- gaps between
adjacent portions, each pontion having a surface which
is ronnded in the direction of travel of the record mem-
ber and is rounded ‘in the direction fransversely of the
direction of travel of the record member where said sur-
face ‘engages said record member, whereby charges are
injected into said storage regions.

24 A variable amplitude signal recording system com-
prisizig a pair of spaced electrode structures, a dielectric
record member having a portion thereof between said
electrode structures, means for moving said record mem-
ber relative 1o said electrode structures to bring succes-
sive portions of the record member between said electrode
structures, means for impressing a variable signal voltage

-20r08s sald electrode structures which is a function of a

variable amplitude signal to be recorded, a biasing voli-
age source, and means for adding the biasing voltage to
said variable signal voltage, the total voltage exceeding a
threshoid value where for said record member a charac-
teristic abrupt rise in electrode current occurs  during
movement of said record member, but less than the break-
down voltage of said record member where sparkthrough
cof. the ‘record member begins, said electrode structures
each comprising electrcde means having stable uniform
electrical contact with said record member. along lines
transverss to the direction of travel of the record mem-
ber and ‘substantially ‘opposite each  other, one of said
electrode means comprising a knife edge having an edge
angle .of substantially less than 96°, whereby charges are
injected into opposite subsurface regions of said medium,

25.-A transducer head for use with a moving dielectric
record medium, cornpmsmg pair of spaced frontal elec-
tredes engaging one surface of the medium, means for
connecting a D.C. voltage in series with said frontal elec-
trodes, an electrically common backing electrode means
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engaging the other surface of said medium opposite both
of said frontal electrodes, and means for connecting a
source of a signal representing information to be re-
corded in series with said backing electrode means and
one of said frontal electrodes.

26. A transducer head for usé with a moving dielec-
tric record medium, comprising a pair of spaced frontal
electrodes engaging ome surface of the medium, means
for connecting a D.C. voltage in series with said frontal
electrodes, an electrically common backing elecirode
means engaging the other surface of said medinm oppo-
site both of said frontal electrodes, means for connecting
a scurce of a signal representing information to be re-
corded in series with said backing electrode means and
one of said frontal electrodes, and means for spacing said
medium from said backing electrode intermediate said
frontal electrodes.

27, A transducer héad for use with a moving dielectric
record medium, comprising a pair of spaced frontal eiec-
trodes, each having a knife edge for engaging a single
surface of the record medium, means for connecting a
D.C. voltage in series wiith said frontal electrodes, an
electrically common backing electrode means having a
rounded surface which engages the medium opposite both
frontal. electrodes, means for connecting a source of a
signal representing information to be rscorded in series
with said backing electrode means and one of said frontal
electrodes.

28. A transducer head for use with a moving dielec-
tric record medium, comprising a pair of spaced frontal
electrodes engaging one surface of the medium, means
for connecting a D.C. voltage in series with said frontal
electrodes, an electrically common backing electrode
means engaging the other surface of said medium oppo-
site both frontal electrodes, means for connecting a scurce
of a signal representing information to be recorded in
series with said backing electrode means and ong of
said frontal electrodes, and a grounded shield disposed
intermediate said frontal electrodes to minimize coupling
therebetween.

29. A transducer head for use with a moving dielec-
tric record medium, comprising a pair of spaced frontal
electrodes engaging one surface of the medium, at least
one of said frontal electrodes being made of semicon-
ductor material, means for connecting a D.C. voltage in
series with said frontal electrodes, a common backing
electrode engaging the other surface of said medium
opposite said frontal electrodes, means for connecting a
source of a signal representing information to be re-
corded in series, with said backing electrode and one
of said frontal electrodes, means for spacing said medium
from said backing electrods intermediate said frontal
electrodes, and a grounded shield disposed intermediate
said frontal electrodes.

30. In a recording head, a pair of clectrodes each
having a knife edge spaced from the other for engaging
a single surface of a record medium, means for con-
necting a D.-C. voltage in series with said electrodes,
a third electrode comprising a plurality of individually
deflectable wires each extending transversely to said knife
edges for engaging the opposite surface of the record
medium to press.the record medium against said knife
edges at multiple points along each of said knife edges,
and means for connecting a source of a signal repre-
senting information to be recorded in series with said
third elecirode and one of said pair of electrodes.

31. In a recording apparatus having means for mov-
ing a record medium, means for injecting electrical
charges into the record medium comprising a pair of
spaced knife edges for engaging one surface of the rec-
ord medium, means for comnecting a D.-C. voltage in
series with said knife edges, a common backing elec-
trode means having engagement with the opposite sur-
face of the record medium to press the record medium
against each of said knife edges, means for connecting
a source of a signal representing information to be re-
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corded in series with said backing electrode means and
one of said frontal electrodes, and at least one guide
disposed adjacent to said knife edges and having a pair
of confronting shoulders for receiving the record me-
dium therebetween to constrain the opposite lateral edges
thereof as it travels across said knife edges.

32. ¥In a recording apparatus having means for mov-
ing a record medium, means for injecting electrical
charges into the record medium comprising a pair of
spaced 'knife edges for engaging one surface of the rec-
ord medium, means for connecting a D.-C. voltage in
series with said knife edges, a common backing electrode
means having engagement with the opposite surface of
the record medium to press the record medium against
each of said knife edges, means for connecting a source
of a signal representing information to be recorded in
series with said backing electrode meaus and one of said
frontal electrodes, guide means disposed adjacent to at
least one of said knife edges for constraining transverse
movement of said medium as it travels across said knife
edges, and means for spacing said mediom from said
backing electrode means intermediate said knife edges.

33. In a recording apparatus having means for mov-
ing a record medium, the combination comprising a
pair of spaced kuife edges for engaging one surface of
the record medium, means for connecting a D.-C. volt-
age in series with said knife edges, a common backing
electrode “means having engagement with the opposite
surface of the record medium to press. the record me-
dium against each of said knife edges, means for con-
necting a source of a signal representing information to
be recorded in series with said backing electrode means
and cne of said frontal electrodes, and at least one guide
means - disposed between said knife edges for receiving
the record medium, said guide means being supported
in spaced relation to said backing electrode so as to
space the record medium from the portion of said back-
ing electrode between said knife edges.

34. A recording apparatus having a recording head,
and means for moving a record medium past the head,
said head comprising a pair of spaced, ‘opposed elec-
trodes for establishing a charge injection field for in-
jecting charges into opposed subsurface regions of the
record medium traveling between said electrodes, one of
said electrodes including a knife edge for engaging one
surface of the record medium, and the other of said
electrodes including a plurality of wires extending trans-
versely to said knife edge for engaging the opposite sur-
face of the record medivm and pressing the record me-
dium against said knife edge, said wires having a smaller
diameter than about .0017.

35. A recording apparatus having a recording head,
and means for moving a record medium past. the head,
said head comprising a pair of spaced opposed electrodes
for establishing a charge injection field for injecting
charges into the record medium traveling between said
electrodes, one of said electrodes including a knife edge
for engaging one surface of the record medium, said
knife edge having a radius less than .0005”, the other
of said elecirodes including a plurality of wires extend-
ing transversely to said knife edge for emgaging the op-
posite surface of the record medium and pressing the
record medinim against said knife edge.

36. A recording apparatus having a recording head,
and means for moving a record medium past the head,
said head incliiding a pair of spaced, opposed elec-
trodes for establishing a charge injection field for inject-
ing charges inio the record medium traveling between
said electrodes, one of said electrodes including a pair
of convergent, lapped surfaces which form a knife edge
for engaging one surface of the record medium, said
kaife edge being chromium plated, the other of said
clectrodes including a plurality of wires extending trans-
versely to said knife edge for engaging the opposite sur-
face of the record medium and pressing the record me-
dium against said knife edge.
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37. A recording apparatus having a recording head,
and means for movmg a record medium past the head,
said head comprising a pair of spaced, opposed electrodes
for -establishing .a charge injection field for injecting
charges into the record medinm traveling between said
electrodes, one of said electrodes including a knife edge
for engaging one surface of the record medium, said
knife “edge being formed of NigZng sFe,0;, the other
electrode including a plurality of wires extending trans-
versely to said kaife edge for engaging the opposite sur-
face of the record medium and pressing the record medi-
um against said knife edge.

38. A recording apparatus having a recording head
and means for moving a record medium past the head,
said head comprising a pair of spaced, opposed electrodes
for establishing a charge injection field of  injecting
charges into the record medium traveling between said

electrodes, one of said electrodes including a knife edge

for engaging one surface of the record medium, the other
electrode including a plurality of wires of ferromagnetic
material extending transversely to said knife edge for en-
gaging the opposite surface of the record medium and
pressing the record medium against said knife edge, and
means’ for establishing a magnetic pole at said edge,
whereby the wires are -attracted to said knife edge.

39. Apparatus for injecting charges into -a record
medium including a pre-bias electrode arranged at one
side of the medium to first inject a direct current pre-
bias charge into opposed subsurface regions of the
medium, a record electrode arranged to thereafier alter
the injected pre-bias charge in accordance with a signal

to ‘be recorded, a common backing electrode arranged’

to cooperate with both. of said pre-bias and record elec-
trodes on the opposite side of the medium, and means for
adjusting said common backing electrode with respect
to the other electrodes to dlﬁerenmally alter the cooper-
ation therewith.

40. A system for electrostatically recording informa-
tion on a moving dielectric tape, comprising a pre-bias
and arecord electrode engaging one surface of the record
medium, “electrically common backing elecirode means
engaging the other surface of said medium and pressing
the same. against said pre-bias and record electrodes, a
D.-C. voltage source, mieans comnecting said source in
series with said record electrode, said pre-bias electrode,
and said backing electrode, a source of information to be
recorded, a capacitor, and means connecting said signal
source, said capacitor, said record and said backing elec-
trodes in series, whereby the potential between said record
and ‘said backing electrode is:varied in accordance with
the signal to be recorded.

41. In a recording apparatus, a recording head includ-
ing a pair of spaced opposed electrodes for establishing a
charge injection field for injecting charges into opposed
subsurface regions of a dielectric record medium traveling
between said electrodes, and means disposed after said
injecting means for pu liug the record medium past said
electrodes, said moving means including a drive roller,
and a pinch roller normally pressing said medium againist
said drive roller, each of said rollers being made of a
conductive material whereby charges deposited on the
surface of said rollers by said medium are conducted

away from the surface.

42. An  electrostatic transducer system comprising
means for injecting charges into a subsurface region of
a moving dieleciric record medium, and means for sub-
sequently subjecting the charged record medium to cloud

of ions whereby ions are deposited on the surface of the

record medinm which tend to neutralize the external field
of said injected charges without substantlally affecting
the quantity of said injected charges in the medium.

43. A device for electrostatically recording informa-
tion on a moving dielectric recording medium, compris-
ing means for injecting charges into a subsurface region
of the recording medium, means associated with said in-
jecting means for varying the charges injected info the
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mcdmm in accordance with the information being re-
corded, means for subs sequently. depositing - charges on
the surface of the medium,; thereby neutralizing the ex:
ternal field of said injected charges without deleteriously
affecting ‘subse quent reproduction of the information rep-
resented by said injected charges.

44; A device for electrostatically recording informa-
tion on a moving dielectric recording medium, compris-
ing means for injecting particles of one polarity into one
subsurface region of said medium and for simultaneously
injecting equal charges’ of the opposite polarify into the
oppositely disposed subsurface region of “said’ medi-
um, means associated with said injecting means for vary-
ing the charges injected into the medium in accordance
with the information being recorded, and means for sub-
sequently subjecting said medium to a cloud of ions of
both polaritics, whereby ‘ions are deposited on-the sur-
face of the record medium which tend to neutralize ths
external field of said injected charges without deleteri-
ously affecting suLsequcnt reproduction of ‘the informa-
tion represented by said injected. charges :

45. A device for electrostatically recording infqrma‘;ion‘
on a moving dieleciric recording medium, comprising
means for appiyi’w surface charges to the medium, means
for subsequently injecting charges into a-‘subsurface re-
glon of the recording mpdmm, means associated with said
injecting means for var, ying the charges injected into the
medium in accordance with the information being re-
corded, and means for depesiting charges on the surface
of said medium after. travel- thereof past said injecting
means without ‘deleteriously affecting subsequent i¢pro-
duction of the information represented by said injected
charges.

46. A device for elecirostatically recording informa-
tion on a. dielectric recording medium, comprising means
for subjecting said medium to ions of both polarities,
means for subsequently injecting charges of one polarity
into one subsurface region of said medium and for simul-
taneocusly injecting equal charges of opposite polarity into
the oppositely disposed subsurface region, means asso-
ciated with said injecting means for varying the charges
injected into the medium in accordance with the informa-
tion being recorded, and means for subjecting said medi-
um to a cloud of ions of both polarities after travel
thereof past said injecting means, said. ions being de-
posited on the surface of the medium without deleteri-
ously affecting subsequent reproduction of the informa-
tion represented by said injected charges. -

47. An eclectrostatic record member. comprising a di-
electric record medium having charges of one polarity in
a subsurface region thereof and equal charges of oppo-
site” polarity in an oppositely disposed subsurface region
thereof, the subsurface regions being separated from each
other.

48. An electrostatic record member comprising a di-
electric record medium having injected charges of one
polarity 'in. a - subsurface region thereof, and keeper,
charges of onpoalte polarity on the surface of said medium
adjacent said subsurface region.

49. An electrostatic record comprising a record mem-
ber having charge storage regions of dielectric’ material”
adjacent directly opposite surfaces of the record mem-
ber, said record member having discrete charges distrib-
uted along each of said charge storage regions in accord-
ance with an intelligence signal, the charges at directly
opposite points in the respective charge storage regions
being of ‘substantially equal magnitude ‘and opposite
polarity for intense mutual blndm of the xchargeu tokthe
récord member.

50..An electrostatic record for electrical reproduction

it an elecironic playback apparatus comprising ‘a record

member having charge storage regions of diélectric ma-
terial adjacent directly opposite surfaces of the record
member, said surfaces being separated by a distance of
the order of ¥4 mil, said record member having discrete
charges distributed along each of said charge ‘storage
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regions in accordance with the time variations of a vari-
able amplitude intelligence signal, and the charges at
directly opposite peints in the respective charge storage
regions being of substantially equal magnitude and op-
posite polarity for intense mutual binding of the charges
to the record member.

51. An electrostatic scund record for electrical re-
production by sound playback apparatus comprising a
polyester tape record member of thickness of the order
of V4 mil; said record member having discrete charge
distributed along subsurface regions thereof in accordance
with a sound signal, the charges at directly opposite points
through the thickness dimension of the tape record ment-
ber being of substantially equal magnitude and opposite
polarity for intense mutual binding of the charges to the
record member.

52. A method of recording information which com-
prises injecting charges of one polarity into one subsur-
face region of a moving dielectric record medium, sub-
stantially simuliancously therewith injecting equal charges
of opposite polarity into the directly opposite subsurface
region of said medium, and controlling the charge in-
jection in accordance with the information to be recorded.

53. A method of recording information which com-
prises depositing charges of one polarity on one surfacs
of a moving dielectric record medium, substantially
simultaneously therewith depositing egual charges of op-
posite polarity on the opposite surface of the medium,
and thereafter subjecting said medium to an intense field
which is of sufficient intensity to drive said charges into
subsurface regions of said record medivm and controlling
the deposit of charges and the sirength of the field in
accordance with the information being recorded.

54, A method of recording which comprises subjecting
a moving dielectric record medium to a first D.-C. field
of such potential as to cause a current flow of electric
charges across the surface barrier of the medinm and to
be bound within the interior of the medium, and there-
after subjecting the medium to a second D.-C. field of
identical current and opposite polarity-to said first D.-C.
field, and superimposing on said second D.-C. field a field
which varies in accordance with the informaticn to be
recorded on said medium.

55. A method of recording information which com-
prises superimposing a plurality of moving dielectric rec-
ord mediums so that the mediums are in contact with

ach other, injecting charges of opposite polarity into the
outer surfaces of the plurality of record mediums, where-
by charges are injected intc opposed subsurface regions
of the respective record mediums, varying the applica-
tion of charges to said record mediums in accordance
with said intelligence, and thereafter separating the record
mediums to provide a plurality of scparate record medi-
ums each having said information recorded thereoxn.

56. A method of recording information which com-
prises injecting charges of opposite polarity into opposed
subsurface regions of a moving multilayer diclectric body,
varying the application of charges in accordance with said
intelligence, and thereafter separating said body into
separate layers to provide a plurality of records each hav-
ing said information recorded thereon.

57. A method of recording information which com-
prises injecting charges into a moving dielectric record
nedium controlling the charge injection in accordance
with the intelligence to be recorded, and thereafter sub-
jecting said medium to a cloud of charges whereby charges
of opposite polarity to the injected charges are deposited
at a position on the surface of the medium relatively near
said injected charges thereby stabilizing the position of
said injected charges in sald medium without deletericusly
affecting subsequent reproduction of the information rep-
resented by said injected charges.

58. A method of recording information which com-
prises producing electric fields having origins at directly
opposite sides of a record member of dielectric material,
having characteristics in accordance with the informa-
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tion to be recorded and of intensity exceeding a threshold
intensity where charge transfer to the record member be-
gins to exhibit a characteristic rise and having a con-
figuration to inject a charge of one polarity into a sub-
surface region at one side of the record member and a
charge of opposite polarity into an opposite subsurface
region of the record member which last mentioned region
is closely adjacent the first mentioned region in a direc-
tion through the record member for establishing intense
mutual attraction and consequent binding of the charges
of opposite polarity to the record member, and thereafter
subjecting the record member to a cloud of ions of both
polarities, whereby jons are deposited on the surface of
the medium which tend to neutralize the external field of
the charges in the medium without deleteriously affecting
subseguent reproduction of the information represenied
by said injected charges.

59. A device for electrostatically recording information
on a dielectric recording medium, comprising a pair of
spaced electrodes, means for moving the recording medi-
um between said electrodes, means connected to said
electrodes for applying across the same a voltage repre-
senting the information to be recorded, a source of bias-
ing voltage and means for adding the biasing voltage to
the information representing voltage, the biasing voltage
being such that the total voltage applied across said elec-
trodes is greater than a threshold voltage that produces
an electric field between said electrodes of sufficient in-
tensity to cause an abrupt rise in current flow in said
elecirodes when said recording medium is moving there-
between, but less than that required to cause breakdown
of the recording medium, the electrodes being shaped and
spatially positioned so that the medium is spaced from
both electrodes adjacent the location of maximum field
intensity between said electrodes to psrmit a gaseous dis-
charge to take place on both sides of the recording medi-
um adjacent the location of maximum field intensity be-
tween said electrodes, whereby charges are injected into
opposed subsurface regions of said medium,

60. A recording system comprising a record member
having regions on respective opposite sides thereof for
storing information in the form of electric charge pat-
terns, a pair of electrodes disposed on the respective sides
of the record member adjacent the respective regions of
the record member which are to receive the recorded in-
{formation and providing a relatively negligible transfer
of charge to the record member when the record member
is between said electrodes and voltages less than a thresh-
old value are applied to said electrodes but providing a
characteristic rising charge transfer to the record member
as a function of voltage applied to said electrodes for
values of applied voltage in a range greater than said
threshold value, biasing means for providing an output
voltage above said threshold value, said biasing means
being electrically connected to said electrodes so as to
produce a charge transfer substantially greater than said
elatively negligible charge transfer from each of the
electrodes to the adjacent side of said record member,
the side of the record member adjacent the electrode hav-
ing a positive polarity receiving a net positive discrete
charge and the side of the record member adjacent the
electrode having a negative polarity receiving a net nsga-
tive discrete charge, and means coupled to said electrodes
for controlling the charge transfer in accordance with the
infermation to be recorded, said record member being of
a dislectric material at the regions thereof receiving said
discrete positive and negative charges.

61. A recording system comprising a record member
of dielectric material for storing information in the form
of electric charge patterns, a pair of electrodes disposed
on the respective opposite sides of the record member
and providing a relatively negligible transfer of charge
to the record member when the record member is be-
tween said electrodes and voltages less than a threshold
value are applied to said electrodes but providing a char-
acteristic rising charge traasfer to the record member as

- K
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a function of voltage applied to said electrodes for values .

of applied voltage in a range greater than said threshold
value, -and means for recording information in the form
of electric charge patterns on the record member includ-
ing "biasing means for providing a voltage above said
threshold value between said electrodes, said biasing
means being electrically connected to said electredes so
as to produce a charge transfer substantially greater than
said relatively negligible charge transfer from each of
the electrodes to the adjacent side of said record member
and to transfer substantially equal and opposite charges
substantially simultaneously to directly opposite sides of
said record member to provide an intense electric field
therebetween tending to bind the charges to the record
member, and means coupled to said electrodes for con-

10

trolling the charge transfer in accordance with the infor:

mation to be recorded.

62. A recording system comprising a record member
for storing information in the form of electric charge pat-
terns, a pair of electrodes disposed on the respective op-
posite sides of the record member providing a relatively
negligible transfer of charge to the record member when

. the record member is between said electrodes and voltages
less than a threshold value are applied to said electrodes
and providing a characteristic rising charge transfer to
the record member as a function of voltage applied to
said electrodes for values of applied voltage in a range
greater than said threshold value, and means for record-
ing information in the form of electric charge patterns on
the record member including a voliage source having an
output voitage above said threshold value electrically
conuected to said electrodes so as to produce a charge
transfer substantiaily greater than said relatively negligi-
ble charge transfer from each of the electrodes to the
adjacent side of said record member and to fransfer sub-
stantially equal and opposite charges substantially simaul-
taneously to directly opposite sides of said record mem-
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ber to provide an intense electric field therebetween tend-
ing to bind the charges to the record member, and means
connected to said electrodeés for applying across the same
a signal voltage representing the information to be re-

" corded, the sum of said source voltage and said signal

voltage always being greater than said threshold voltage.
© 63. A recording device comprising a record member
having charge storage regions of dielectric miaterial ad-
jacent the surface thereof; biasing means for applying
across. said record member a voltage above ‘a threshold
voltage where for said record member a: characteristic
abrupt rise in charge current to the record member oc-
curs during relative movement of said record member,
but less than a breakdown voltage of said record member
where sparkthrough of the record member begins, where-
by charges are injected into said charge storage regions,
and recording means for controlling the charge current
in accordance with the information to be recorded.
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