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[57] ABSTRACT 

A multiple needle electrode device comprising at least 
one signal introducing section including a number of 
input terminals arranged in a circle, a recording head 
having a number of electrodes adjacently arranged in 
two rows with the electrodes of the two rows being 
disposed in staggered relationship such that the elec 
trodes of one row are disposed adjacent the spaces be 
tween the electrodes of the other row, and a number 
of lead-in conductors connecting the input terminals 
to the respective electrodes. The electrodes, conduc 
tors and terminals may be mounted on one or more 
insulating base boards whose portions may be twisted 
into various ‘cylindrical shapes to facilitate the intro 
duction of input signals to the input terminals. Signals 
supplied to the signal introducing section can be re 
corded on an electrostatic recording sheet by the re 
cording head at greater speed and with improved reso 
lution. 

5 Claims, 16 Drawing Figures 
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MULTIPLE NEEDLE vELECTRODE DEVICE FOR 
' ELECTROSTATIC RECORDING 

BACKGROUND OF THE INVENTION 
This invention relates to multiple needle electrode 

devices, and more particularly to a multiple needle 
electrode device for electrostatic recording which has 
particular utility in recording transmitted signals on an 
electrostatic recording sheet as in a facsimile system. 
An electrostatic recording sheet E may consist, as 

shown in FIG. 1, of a base layer 1 made of paper pre 
pared by mixing an electrically conductive material, 
such for example as carbon powder or metal powder, 
or a hygroscopic material or materials, such for exam 
ple as water glass and/or magnesium‘ chloride and hav 
ing an electric resistance in a range of 106 to 109 
ohm-cm., and a dielectric layer 2 made of a copolymer 
of vinyl chloride and vinyl acetate, acrylic resin, meth 
acrylic resin, or a mixture of such resins, or such resins 
containing titamiu'm‘oxide and/or barium titanate and 
having an electric resistance of over 1013 ohm-cm. Al 
ternatively, the sheet Emay consist, as shown in FIG. 
2, of an ordinary paper of synthetic resin sheet 3, an 
electrically conductive organic material layer 4 made 
as of a polymer of vinyl benzil and a quaternary ammo 
nium compound, and a dielectric layer 5 similar to 
layer 2. I 

Such an electrostatic recording sheet E may be elec 
trically charged by‘different systems. One of such sys 
tems isshown in FIG. 3 in which a grounded electrode 
plate '6 is arranged on the rear side of sheet E while an 

' electrode ,7 connected to a positive high voltage source 
is arranged opposite on the front side'of sheet E. In the 
system‘ shown in FIG. 4, a grounded electrode plate _8 
is arranged on the side of dielectric layer _2 while an 
electrode 9 connected to a negative high voltage source 
is arranged opposite ‘on the rear side of sheet'E. In still 
another system, an electrode 10 connected to a positive 
high voltage source is arranged on the side of dielectric 
layer 2 while an electrode 11 connected to a negative 
.high voltage source is ‘arranged opposite on the rear 
side of sheet E as shown in FIG. 5. In these systems, 
voltages are impressed on the sheet in accordance with 
the signals‘ received through one of the electrodes. In 
all the systems described, the electrode may be main 
tained in intimate contact with dielectric layer 2 or the 
two may be spaced apart from each other a small dis 
tance. . 

If dielectric layer 2 or 5 is electrically charged in the 
form of an original copy, an electrostatic latent image 
will be formed on electrostatic recording sheet E which 
may bedeveloped and converted into a toner image or 
visible copied image of the’ original by wet or dry devel 
oping methods such as the electrofaxv or xerographic 

.systems. If desired, a developing method using two 
baths of developing liquids vvmay be used in rendering 
the electrostatic latent image visible. 1 
For successively rocording incoming signals on elec 

trostatic recording sheet E in a facsimile receiver to 
produce a facsimile record of the'original copy, an 
electrode device as shown in FIG. 6 has hitherto been 
used. The electrode device shown in the ?gure com 
prises a recording‘head composed of a number of elec 
trodes 13 arranged in a'row or straight line on the‘di 
electric layer 2 of an electrostatic recording sheet E. 
The sheet E is placed on grounded electrode plate 12 
with the row of electrodes being con?ned within the 
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width of the electrostatic recording sheet. Electrodes 
13 are connected through conductors 14 to a signal 
input section 15 in which input terminals 16 of conduc 
tors 14 are arranged in a circular manner so that in 
coming signals are successively distributed to the input 
terminals 16 of the conductors by an incoming signal 
distributor 17 in the form of a brush having a distribu 
tor terminal 17a and adapted to rotate about the center 
‘of the circle. By using this type of electrode device, 
electrostatic latent image points V as shown in FIG. 7 
are formed in successive parallel rows as the incoming 
signals are distributed while electrostatic recording ' 
sheet E is continuously or intermittently moved. 
Electrodes l3, conductors l4 and terminals 16 may 

be made of copper wires which are printed on a board 
forming a base which may be either a ?exible insulating 
plastic sheet or an aluminum plate having opposite sur 
faces treated to be insulating. The electrodes 13 are 
formed in thin needle shape, so that the device is vgener 
ally referred to as a multiple needle electrode device. 
This is one example of a multiple needle electrode 

device in which the input terminals 16 are arranged cir 
cularly in a horizontal plane and distributor terminal 
17a is rotated in the plane to distribute signals to the 
input terminals 16. However, alternate constructions of 
the signal introducing section may comprise making a 
portion of the insulating board forming the base in 
which input terminals 16 are disposed in cylindrical 
form so that distributor terminal 17a of signal distribu 
tor 17 may be rotated in a vertical plane, or arranging 
input tenninals 16 in a row or straight line with the dis~ 
tributor terminal being moved along such row of input 
terminals to distribute signals. 
FIG. 7 shows electrostatic recording sheet E in a frag 

mentary enlarged view. It will be seen that, when sig 
nals are successively distributed to input electrodes 16, 
electrostatic latent image points V are formed succes- ' 
sively on electrostatic recording sheet E as the latter is 
moved in the direction of an arrow a. An electrostatic 
latent image is formed by such discrete electrostatic la 
tent image points V. The density of such electrostatic 
latent image is increased and the resolving power of the 
facsimile receiver is improved by minimizing the spac 
ing P1 between points V in the same row and the spac 
ing P2 between rows. 

It will be seen in FIG. 6, that the electrodes 13 of the 
prior art multiple needle electrode devices have been 
arranged in a row, so that difficulty has arisen when at 
tempts are made to reduce the spacing between the 
electrodes 13 in order to reduce the spacing between 
points V in the same row. That is, it has been physically ~ 
impossible to reduce the spacing Po between elec 
trodes 13 as shown in FIG. 6 below a certain limit. 
Another disadvantage of the multiple needle elec 

trode device shown in FIG. 6 has been that, when the 
input terminals 16 at the end of the conductors un 
dergo wear, it becomes impossible for the worn termi 
nals to receive signals from the distributor terminal 17a 
because the latter has a predetermined length and it is 
impossible for it to be brought into contact with the 
worn terminals. 

SUMMARY OF THE INVENTION 
This invention provides an improved multiple needle 

electrode device comprising a recording head having a 
number of electrodes arranged in two rows or straight 
lines with an insulating base board therebetween, the 
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two rows of electrodes being disposed in staggered rela 
tionship such that the electrodes of one row are posi 
tioned adjacent the spaces between the electrodes of 
the other row; and a signal introducing section com 
prising a number of input terminals arranged in a circle, 
with the electrodes and the input terminals being con 
nected together by cylindrically arranged lead-in con 
ductors. 
Accordingly, the provision of the electrodes in two 

rows arranged in staggered relationship permits the 
spacing between the electrodes to be minimized while 
the electrodes are electrically insulated from one an 
other. As a result, the spacing between the electrostatic 
image points constituting a facsimile record of the orig 
inal copy on an electrostatic recording sheet is mini 
mized, thereby increasing the density of the facsimile 
record and improving the resolving power of the fac 
simile receiver; 
The provision of the signal introducing section com 

prising input terminals arranged in a circular form and 
connected to cylindrically arranged lead-in conductors 
facilitates distribution of incoming signals from a dis 
tributor terminal. Besides, the arrangement of the input 
terminals in this form of signal introducing section 
eliminates the disadvantage of the prior art devices of 
becoming useless when the terminals undergo wear by 
permitting corrective adjustment rather than replace 
ment. According to this invention the device has a long 
service life because the input terminals can be used 
without any trouble even if they undergo wear. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 and FIG. .2 are sectional views showing con 
ventional electrostatic recording sheets; 
FIG. 3, FIG. 4 and FIG. 5 are sectional views showing 

different conventional manners in which an electro 
static recording sheet is electrically charged: 
FIG. 6 is a sectional view showing the manner in 

which a multiple needle electrode device of the prior 
art receives incoming signals from a distributor; 
FIG. 7 is a fragmentary enlarged plan view of an elec 

trostatic recording sheet showing by way of illustration 
electrostatic latent image points formed thereon by 
means of a conventional multiple needle electrode de 
vice. 

FIG. 8 is an end view of one form of the recording 
head of the multiple needle electrode device according 
to this invention; 
FIG. 9 is a fragmentary enlarged plan view of an elec 

trostatic recording sheet showing electrostatic latent 
image points formed thereon by means of the multiple 
needle electrode device according to this invention; 
FIG. 10 is an end view of an alternate form of the re 

cording head of the multiple needle electrode device 
according to this invention; 
FIG. 11 is an end view of one form of the signal input 

section of the multiple needle electrode device accord 
ing to this invention in which the signal introducing sec 
tion is in cylindrical form and one row of electrodes is 
arranged on the outer surface of the cylinder while the 
other row of electrodes is arranged on the inner surface 
thereof, with a signal distribution system suiting this 
form of signal introducing section being shown in oper 
ation; 
FIG. 12 is a perspective view of another embodiment 

of this invention in which the signal introducing section 
is formed in dual cylinder form and one row of elec 
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trodes is arranged on the inner surface of one cylinder 
while the other row of electrodes is arranged on the 
inner surface of the other cylinder; - 
FIG. 13 is an end view of the signal introducing sec 

tion of the embodiment of FIG. 12, showing a signal 
distribution system suiting this form of signal introduc 
ing section being shown in operation; 
FIG. 14 is a perspective view of a further embodi 

ment of a signal introducing section in accordance with 
this invention; > 
FIG. 15 is an end view of the signal introducing sec 

tion of the embodiment of FIG. 14,.showing a signal 
distribution system suiting this form of signal introduc 
ing section; and 
FIG. 16 is a plan view of the insulating base board 

formed with a slot therein. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
The embodiments of the invention will now be de 

scribed in detail with reference to FIG. 8 through FIG 
16. 

In FIG. 8, a row of electrodes 18 is arranged on one 
surface of an insulating base board 18 while another 
row of electrodes 20 is arranged on the other surface 
thereof. The two rows of electrodes 19 and 20 are dis 
posed in staggered relationship so that the electrodes of 
one row are disposed adjacent the spaces between the 
electrodes of the other row to form a recording head H. 
The arrangement of the electrodes as aforementioned 
permits a spacing P1 between electrostatic latent image 
points V formed on electrostatic recording sheet E to 
be minimized as shown in FIG. 9, though a spacing Po 
between the electrodes of the same row cannot be re 
duced below an allowable minimum. Thus, it is possible 
to increase the density of a facsimile record of the origi 
nal copy and improve the resolving power of the fac 
simile receiver. 'That is, this invention permits the re 
solving power of a facsimile receiver from the level of 
4 lines per millimeter of the prior art to that of over 8 
line per millimeter. Preferably, the thickness of insulat 
ing base board 18 is reduced as much as possible. It has 
been ascertained that the thickness can be reduced to 
the order of 30 microns in actual practice. 

In FIG. 10, an alternate recording head H’ comprises 
a row of electrodes 21 arranged on one surface of one 
insulating base board 22 and another row of electrodes 
21 arranged on one surface of another insulating base 
board 22; one electrode carrying base board being su 
perposed on and attached to the other electrode carry 
ing insulating board in such manner that the electrodes 
of the two rows are arranged in staggered relationship 
with the electrodes of one row being disposed adjacent 
the spaces between the electrodes of the other row. 
The electrodes of the multiple needle electrode de 

vice according to this invention are connected through 
lead in conductors to a signal introducing section which 
may be constructed in the various forms as presently to 
be described. Preferably, the conductors are gathered 
together in one surface so that incoming signals may be 
distributed in the normal order to the respective input 
electrodes. 

In FIG. 11, there is shown one form of signal intro 
ducing section for the multiple needle electrode device 
according to this invention which is formed in cylindri 
cal form by folding an end portion of electrode carrying 
insulating base toward 18 opposite to the end portion 
at which recording head H with the needle electrodes 
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is‘formed (FIG. 8). There is also shown an incoming 
signal distributor 25 of the rotary type suiting this form 
of signal introducing section. Such distributor 25 is pro 
vided with distributor terminals 23 and 24 which are 
arranged in face~to face relationship and adapted to 
come into engagement with input terminals 19a and 
20a of the respective conductors to the needle elec 
trodes successively to distribute incoming signals to the 
latter. 
The manner of distributing incoming signals at an 

edge of the peripheral surface of the cylindrical signal 
introducing section as aforementioned offers many ad 
vantages. Distribution of signals is facilitated and since 
the signal distributor terminals move in sliding motion 
along the inner and outer peripheral surfaces of the cy 
lindrical signal introducing section, the distributor ter 
minals can be maintained in contact with the input ter 
minals of the signal input section at all times by moving 
the former axially of the cylindrical signal introducing 
section when the latter undergo wear. This arrange 
ment permitting corrective adjustment is more advan. 
tageous than the arrangement in which the input tenni 
nals of the multiple needle electrodes are arranged in 
planar form, because in the latter case an arm support 
ing the distributor terminals must be extended as the 
input terminals of the signal introducing section un 
dergo wear so that replacement is necessary. This ad 
vantage is also true of the embodiments subsequently 
to be described. 
FIG. 12 shows another embodiment of the multiple 

needle electrode device according to this invention in 
which two rows of electrodes are arranged on an insu 
lating base board in the manner of FIG. 10, and the end 
portions of the two insulating base boards, opposite to 
the end portions thereof at which the recording head 
H’ is formed, are each folded in a cylindrical form, so 
that the order of arrangement of the input terminals 
21a of conductors 21b agrees with the order of arrange 
ment of the electrodes 21 at the other ends of conduc 
tors 21b. FIG. 13 shows signal distributors 26 and 27 
suiting the signal introducing sections of the type 
shown in FIG. 12, which signal distributors are adapted 
to rotate in synchronism with each other so as to dis 
tribute incoming signals to the input terminals 21a in 
the normal order. Any known means may be used for 
synchronizing the two signal distributors 26 and 27 
with each other. For example, pulleys 28 and 29 and a 
timing belt 30 may be used as shown to attain the end. 
FIG. 14 shows another embodiment of the multiple 

needle electrode device in accordance with the ar 
rangement in FIG. 10 of this invention, in which an end 
portion of one of the insulating base boards 22, oppo 
site to the end portion thereof on which the recording 
head electrodes 21 are provided, is twisted about the 
longitudinal center axis of the base board through 180° 
and shaped into a semi-circular form, while the end 
portion of the other insulating base board opposite to 
the recording head end portion is also shaped into a 
semi-circular form, so that the two semi-circular end 
portions of the insulating base boards can be joined 
into a cylindrical form with the input terinals 21a dis 
posed thereon. ' 

Now, assuming that in the embodiment of FIG. 14 
the electrodes of one row_ of recording head H’ are ar 
ranged in the order 1, 3, 5 . . . while the electrodes of 
the other row thereof are arranged in the order 2, 4, 6 
. . . , the input terminals 21a of the signal introducing 
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6 
section at the ends of the conductors 21b opposite to 
the electrodes 21 are arranged as shown in FIG. 15. In 
this embodiment, an incoming signal distributor com 
prising a bipolar distributor terminal 33 having two dis 
tribution poles 31 and 32 adapted to rotate about the‘ 
longitudinal center axis of the cylindrical signal intro 
ducing section is used to distribute signals to the elec 
trodes in the normal order 1, 2, 3, 4. . . . With this em 
bodiment, a signal distributor of simple construction 
can be used for distributing incoming signals readily 
and positively. 
The provision of a slot 34 in substantially the central 

portion of the insulating base board 22 which is twisted, 
with the major portion of the slot being aligned with the 
longitudinal axis of the base board, facilitates the oper 
ation of twisting the insulating base board. Such a slot 
may be formed in any number and at any position as 
desired. 
What we claim is: 
l. A multiple needle electrode device comprising: 
a. at least one signal introducing section including a 

plurality of input terminals; 
b. a recording head, including a plurality of elec 
trodes corresponding in number to said input ter 
minals and arranged in two adjacent rows with the 
electrodes of the two rows being disposed in stag 
gered relationship, such that the electrodes of one 
row are disposed adjacent the spaces between the 
electrodes of the other row; 

c. a plurality of lead-in conductors each connecting 
one of said plurality of input terminals to one of 
said plurality of electrodes ; and 

d. two insulating baseboards, each having two oppo 
site ends with one of said rows of electrodes ar 
ranged on one end and the input terminals con 
nected thereto arranged correspondingly in a row 
on the other end with the corresponding lead-in 
conductors extending one side therebetween, one 
of said two insulating baseboards having its input 
terminal end portion twisted about the longitudinal 
axis of said baseboard through 180° and shaped 
into a semi-circular form, and the other of said two 
insulating baseboards having its input terminal end 
portion shaped into a semicircular form and joined 
with the semicircular end of said twisted insulating 
baseboard into a cylindrical form, so that the order 
of arrangement of the electrodes in their row on 
one end of the twisted insulating baseboard and the 
order of arrangement of the corresponding input 
terminals on the other end are reversed. 

2. A device as in claim 1 further comprising a signal 
distributor means for rotating about an axis at the cen 
ter of the circle formed by the joined semicircular ends 
of said insulating baseboards and sequentially contact 
ing said input terminals. 

3. A device as in claim 1 wherein at least one elon- Y 
gated slot is formed substantially in the central portion 
of the twisted insulating base board, said slot being dis 
posed with its major axis aligned with the longitudinal 
axis of the twisted insulating base board. 

4. A device as in claim 1 wherein the thickness of the 
insulating baseboards is of the order of 30 microns. 

5. A device as in claim 1 further comprising an addi 
tional plurality of input terminals and an additional plu 
rality of electrodes corresponding in number to said ad 
ditional input terminals and arranged in adjacent rows 
with the electrodes of the two rows being disposed in 
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staggered relationship and an additional plurality of opposite one of said rows of electrodes and the addi 
lead-ln Conductors, each connectmg one of sald addl' tional lead-in conductors extending between the other 
tional plurality of input terminals to one of said addi- - - . 
tiOnal plurality of electrodes, the additional lead-in r°w °faddm°nal electmesandthe cmespmdmg ad‘ 
conductors extending between one row of additional 5 ditional input terminals on the Side Ofthe other insulat' 
electrodes and the corresponding additional input ter- mg base-board opposlte the other row of electrodes 
minals on the side of one of said insulating baseboards * * * * * 
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