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[57] ABSTRACT 
Selecting pulse signals for selecting recording posi 
tions are combined with input information such as pic 
ture signals to produce the recording signals repre 
senting not only the optical density of recording but 
the recording positions, and the recording signals are 
converted into the driving signals which are applied to 
selected input terminals of a transfomer assembly so 
that across the series-connected secondary windings 
corresponding to the recording position indicated by 
the selecting pulse signal there is induced the electro 
static recording voltage. The recording voltages are 
applied to recording electrodes or styluses to form an 
electrostatic latent image of said input information 
upon a recording medium. The latent image is devel 
oped and ?xed to provide a permanent recording. 

18 Claims, 22 Drawing Figures 
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ELECTROSTATIC RECORDING APPARATUS 
WITH CORE MATRIX 

BACKGROUND OF THE INVENTION 
The present invention relates to generally an electro 

static recording. apparatus and more particularly a 
high-speed electrostatic recording apparatus of the 
type recording input information with the electrostatic 
recording voltages induced and applied to recording 
electrodes or styluses selected by recording position se 
lecting pulses. 

In general, the recording speed of most of recording 
apparatus for recording information transmitted by a 
data transmission line or processed by an electronic 
computer is very low as compared with the data trans 
mission line or data processing speed so that a high 
speed recording apparatus has been demanded. Fur 
thermore a recording apparatus which produces less or 
no recording noise has been demanded. Therefore, re 
search and development of various non-impact record 
ing systems such as electrostatic recording systems, 
electrophotographic recording systems, silver halide 
recording systems, heat-sensitive recording systems, 
dry silver recording systems, ink jet recording systems 
and so on have been carried out. Of these non-impact 
recording systems, the electrostatic recording systems 
are most advantageous because the recording speed is 
high, the recorded images have good qualities, the 
power consumption is less and the apparatus itself is 
simple in mechanism. The electrostatic recording sys-} 
tems have been widely used in the ?elds of dot matrix 
electrostatic printers, plotters, facsimile systems and so 
on. In view of economy and recording density however, 
the conventional electrostatic recording apparatus has 
not been satisfactory mainly because of the problem of 
distributing the electrostatic recording voltages among 
recording electrodes or styluses. One typical example 
of the conventional electrostatic recording apparatus 
generally comprises an AND-gate circuit, amplifiers, 
transformers and a recording electrode or stylus head. 
A plurality of AND gates are sequentially opened to 
pass the picture signals to the amplifiers, and the out 
puts of the‘ ampli?ers are applied to a primary winding 
of a pulse transformer so that a high voltage may be in 
duced across the secondary winding thereof and sup 
plied to a multistylus electrode. An electrostatic latent 
image is formed upon a recording medium in contact 
with the multistylus electrode, and developed and ?xed 
to produce the permanent recording. The multistylus 
electrode of the electrostatic apparatus of the type de 
scribed has 1,275 styluses with a stylus density of I50 
styluses per inch in order to reproduce or record a sat 
isfactory image upon a recording medium with the 
width of 81/2 inches so that 1,275 amplifiers and 1,275 
pulse transformers are required. As a result, the con 
ventional electrostatic recording apparatus of the type 
described is extremely large in size and very expensive. 

SUMMARY OF THE INVENTION 

In view of the above, the primary object of the pres 
ent invention is to provide a high-speed electrostatic 
recording apparatus based upon the novel electrostatic 
recording voltage distribution method so that printing 
or recording with a high recording density can be ac 
complished at such a high speed as compatible with the 
datatransmission speed or data processing speed. 
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2 
Another object of the present invention is to reduce 

the numbers of ampli?ers and pulse transformers based 
upon the novel electrostatic recording voltage distribu 
tion method so that an electrostatic recording appara 
tus which is compact in size, light in weight and inex 
pensitive to manufacture may be provided. V 
A further object of the present invention is to provide 

an electrostatic recording apparatus capable of high 
speed recording with a high recording density based 
upon the novel electrostatic recording voltage distribu 
tion method. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of the preferred em 
bodiments thereof taken in conjunction with the ac 
companying drawing. 

BRIEF DESCRIPTION OF THE DRAWING: 

FIG. 1 (consisting of FIGS 1A and 1B) is a block dia 
gram of a ?rst embodiment of the present invention; 
FIG. 2 is a simpli?ed diagram illustrating the relation 

between the primary windings and the secondary wind 
ings of a transformer assembly of the ?rst embodiment 
shown in FIG. 1; _ 

FIG. 3 is a graph illustrating the electrostatic record 
ing voltage vs. optical density of recording characteris 
tic curves of a recording medium; 
FIG. 4 is a simpli?ed diagram illustrating the arrange 

ment of the primary and secondary windings of a trans 
former assembly of the type which can respond to the 
unipolar input; 
FIG. 5 (consisting of FIGS 5A and 5B) is a block dia 

gram ofa second embodiment of the present invention; 
FIG. 6 shows diagrammatically the arrangement of 

the transformer assembly of the type in which the out 
put terminals are selected one by one; 
FIG. 7 (consisting of FIGS 7A and 7B) is a block dia 

gram ofa sixth embodiment of the present invention of 
the type in which the electrostatic recording voltages 
are simultaneously applied to a plurality of recording 
styluses; 
FIGS. 8-10 show diagrammatically the arrangements 

of the transformer assemblies of the type capable of si 
multaneously outputting the electrostatic recording 
voltages from a plurality of output terminals thereof; 
FIGS. 11-15 are cross sectional views of bobbins of 

the transformer assemblies illustrating the arrange 
ments of the secondary windings in accordance with 
the present invention; and 
FIG. 16 is a diagram of a fourteenth embodiment of 

the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS: 

First Embodiment 
Referring to FIG. 1 illustrating diagrammatically an 

electrostatic recording apparatus in accordance with 
the present invention, a picture signal is applied to a 
picture signal input terminal 11. The output signals of 
a selecting pulse generator 12 are applied to a gate cir 
cuit 13, and the signals which pass through the gate cir 
cuit 13 are ampli?ed by a driver 14 and applied to pri 
maries Ill-H6 of a transformer assembly 15 through ter 
minals E1—E6. _ 

In the transformer assembly 15, secondaries Idol-L116 
are wound on a core T1 in the same direction as that of 
the primary H1. Secondaries Lgol-Lgog are wound on a 
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core T2 in a direction the same that of the primary Hz 
whereas the secondaries Lm-Lm, are in the opposite 
‘direction. On -a core T3 are wound secondaries 
LaorLmand Lm-Lm' in a direction the same as that 
of the primary H3 whereas secondaries L3o5—L308 and 
.Lm-Lm, are in the opposite direction. On a core T4 
are Wound secondaries L401, L402, L405, L405, L409, L410, 
LM and L4“ in a direction the same as that of the pri 

5 

4 
ages upon the recording medium may be transferred 
onto a dielectric sheet and then developed and ?xed to 
provide the permanent recording so that the recording 
medium may be also repetitively used. 

In order to clearly show the relation between the po 
larity of the voltages induced across the secondaries 
and the directionsjof the secondaries, a winding matrix 
shown in Table l is utilized. 

F1 F2 Fa F. F5 F0 Fa Fa F10 F“ F12 F13 F11 F15 Fm 

T, +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
T2 +1 +1 +1 +1 +1 +1 +1 +1 -—1 —1 —1 +1 —1 —1 —1 —1 
T, +1' +1 +1 +1 —1 —1 —1 —1 +1 +1 +1 +1. ~1 —1 —1 —1 

1 T, +1 +1 -1 -1 +1 +1 —1 —1 +1 +1 +1 —1 +1 +1 —-1 —1 
T, +1 —1 +1 —1 +1 —1 +1 —1 +1 —1 +1 —1 +1 —1 +1 —1 
T, +1 —1 +1 —1 —1 +1 +1 —1 +1 —1 —1 +1 

mary H4 whereas secondaries L403, L404, L401, L408, L4", 
L412, L415 and Lm, are in the opposite direction. On a 
core T5 are wound secondaries L501, L503, L505, L507, 

{1509, L511, L513 1.4515 in a directlOn the same 85 of the primary H5 whereas secondaries L502, L504, L506, 

L508, L510, L512, L5“ and L516, are in the Opposite direC 
tion. On a core T8 are wound secondaries L801, L604, 
L606, L307, L810, LgufLgla and L616 in the direction the 
same as that of the‘ primary H6 whereas secondaries 
L602: Leos» Laos, Laos,‘ L609, L612, L614’ and L615, are in the 
opposite direction. 
The same voltage V, is impressed across the primary 

windings Fifi-I6, and the secondary voltages having the 
same absolute value are induced across the secondar 
ies, but the voltages +V2 induced across the secondar~ 
ies wound in the direction the same as that of the pri 
mariesHl-He have the same polarity as that of the volt~‘ 
ages impressed across the primaries whereas the volt~ 
ages —V2 induced across the secondaries wound in the 
opposite direction with that of the primaries have the 
opposite’polarity. ’ t _ _ V _ 

One end of the secondary-L101 is connected to a ter 
minal F1 whereas the other end, to the secondary L201 
which in turn‘is connected in series to the secondaries 
LaobvLm, L50’, and L60, which are connected in series. 
The other end of the secondary L601 is grounded. These. 45 
six secondary windings on the six cores connected in 
series comprise a selecting line ‘of the terminal F1. The 
SGCOHdaI‘iBS L102, L202, L302, L402, L502 and L602 are con 
nected in series and one end of the secondary L102 is 
connected to a terminal F2 whereas the secondary L602 
is grounded. In like manner, the secondaries LIN-L603, 
LIN-L604, L105_L605a Lies-L606, ‘ LIN-L607, L108_L608’ 
Lroar-Ideas, .LHW'LGIO’ Ll11_L6l1’ Luz-L s12, Luz-L613, 
LIN-L514, Lin-L615 and-L116"-L616'>are all Conrl€cted in 
series, respectively, and the secondaries Lung-L116 are 
connected tov terminals F3—F16, respectively, whereas 
the secondaries LBW-L616 are grounded. The terminals 
F FF“; are connected to styluses of a multistylus elec 
ttssigsirssasciixelr- .. > " 

When the voltages are applied to the multistylus elec 
trode 16, the electrostatic latent images are formed 
upon a recording medium 17. The latent images are de 
veloped and fixed to provide the permanent recording. 
Alternatively, the latent images may be ' developed 
upon the recording medium and then transferred upon 
a recording paper._ In this case the recording medium 
may beused repetitively. Furthermore, the?latent im; 
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20 where +1 = +V2 and —-l = -—V2. 
In the winding matrix, each column corresponds to 

each selecting line. When the driving voltage pulses of 
+Vl are simultaneously impressed to the input termi 
nals E1-E6, the voltages V2 with the polarities depend 

‘ ing upon the direction of the secondaries areinduced 
across the secondaries Lm-Lm, respectively. As a re 
sult the voltage at the output terminal F1 is the sum of 
the voltages induced across the secondaries L101; L201, 
L301, L401, L501 and L601, lS +6V2, the Voltages 
at the output terminals FTP“, become +2V2, +2V2 
+2V2, +2V2, +2V2, +2V2, —2V2, +2V2, +2V2, +2V2, 
—2V2, +2V2, —2V2, ~2V2 and —— 2v2, respectively. The 
relatively high voltage +6V2 at the'output terminal Fl 
will be referred to as “the selected output voltage” 
whereas the relatively small voltages :ZV, at the out 
put terminals Fz‘Fw, as “the spurious output" hereinaf 
ter in this speci?cation. When the driving voltages +V,, 
+V1, +V1, +Vl, —V1 and —V, (which correspond the 
elements of the second column of the winding matrix, 
Table l) are applied ‘to the input terminals III-F6, re 
spectively, the selected output of +6V2 appears at the 
output terminal F2. In like manner, when the drive volt 
age pulses corresponding to the elements of a selected 
column of the winding matrix are applied to the input 
terminals EFEG, the selected output +6V2 appears at a 
corresponding or selected output terminal, whereas the 
spurious output voltages appear at the other output ter 
minals. The ratio of the absolute value of the spurious 
output (-2V2 or +2V2) to that of the selected output 
is called the selecting ratio which is one-third in the in 
stant embodiment. . 

The transformer asembly 15 is illustrated in a simpli 
?ed form in FIG. 2. The secondaries across which are 
induced the secondary voltages with the same polarity 
with that of the primary voltage are indicated by 
opened windings whereas the secondary windings 
across which are induced the secondary voltages with 
the polarity opposite to that of the primary voltage are 
indicated by twisted or/closed windings. The winding 
matrix of the transformer assembly may be obtained 
from the (n,k) error-correcting code. For example 
from Golay code is obtained a winding matrix with 24 
inputs, 2048 outputs and a selecting ratio of one-third. 
FIG. 3 shows the relation between the electrostatic 

recording voltage applied recording styluses and the 
optical density of an image recorded upon a recording 
medium. In general, this relation changes depending 
upon the size of a recording stylus, the type of a record 
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ing medium, and the polarity of recording voltage, but 
the relation may be generally depicted as shown in FIG. 
3. It is seen that no recording is made with a voltage be 
tween the upper threshold voltage Va (about +400 V) 
and the lower threshold, voltage —V,, (about —400 V) 
and that the recording may be effected with a suitable 
recording voltage higher than the upper threshold volt 
age Va or lower than the lower threshold voltage V,,. 
When the selected voutput +6V2 is used for the electro 
static recording voltage which is higher than the upper 
threshold voltage +400V, only the selected stylus 
makes a recording but the other styluses will not make 
a recording because the spurious voltage is much less 
than +6V2. In other words, the spurious voltage is so 
selected as to' fall in the range between the upper and 
lower threshold voltages V, and, —Vb whereas the se 
lected output voltage, is selected as to be higher than 
the higher threshold voltage Va or lower than the lower 
threshold voltage, —V,,. ' 
Referring back to FIG. 1, the control unit comprising 

the selecting pulse signal generator 12 and the gate cir 
cuit 13 will be described hereinafter. The selecting 
pulse signal generator, 12 is adapted to generate the 
pulse signals for selecting the styluses of the multistylus 
electrode 16. That is, the generator 12 outputs the sig 
nals corresponding to the elements of the columns 
1-16 of the winding matrix shown in Table I. In prac 
tice, however, the generator 12 outputs the signal “0” 

' when the element is +1 and the signal “ l ” when the el 
, ement is -—l. 

Flip-?ops 211, 212, 213 and 214 of a binary counter 
21 give the outputs ahagas, and a., which correspond to 
the elements of the second, third, fourth and ?fth rows 
of the winding matrix shown in Table l. The output as 
which corresponds to the element of the sixth row of 
the winding matrix is obtained by aleB azqaa?ab this 
logic operation being performed by exclusive-OR cir 
cuits 221, 222 and 223. Since the elements of the first 
.row are all —ls, no logic circuit for giving the signal 0 
is provided. 
Next the mode of operation of the control unit in 

cluding the driver 14 will be described hereinafter. 
First all of the ?ip-?ops 211-214 of the binary counter 
21 are set to the state 1, and in response to the clock 
pulses transmitted from a clock pulse generator 20, the 
output signals 1 and 0 corresponding to the elements of 
the columns of the winding matrix are fed into-the gate 
circuit 13 comprising AND gates 241+~246+ and 
242—~246- and NOT circuits 231-235. Only one of 
each pair of AND gates 242' and 242— . . . , 246+ and 
246- is opened by the signal from the selecting signal 
generator ‘12. To the AND gates 241-246 are applied 
the picture signals in synchronism with the clock pulses 
and the pulses from a monstable multivibrator 25 
which determines the width of pulses fed to the trans 
former assembly 15 through driver _14. For instance, 
when the output a, from flip-?op 211 in the signal gen 
erator 12 is 0, a pulse of which height is determined by 
the picture signal and of which width is determined by 
the pulse from the monostable multivibrator 25 is fed 
to an amplifier 142 in the driver 14 through the AND 
gate 242+. On the contrary, when the output al is l, the 
pulse is fed to the amplifier 142 through the AND gate 
242—. The ampli?ers 142-146 of the driver 14 are of 
the bipolar type and give the voltage signal +V, to the 
terminals E2-E6 when the pulse signal is fed from AND 
gates 242+~246+ and give the voltage signal —-V1 to 
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6 
the terminals Ez-Ee, when the pulse signal is fed from 
AND gates 242—~246—. The ampli?er 141 gives the 
output signal +Vl of which height is determined by the 
picture signal to the input terminal E1 of the trans 
former assembly 15. Thus, the selected output the mag 
nitude of which is dependent upon the magnitude of 
the pciture signal appears at the output terminal F in 
the sequence determined by the winding matrix Table 
l. The styluses of the multistylus electrode 16 are ener~ 
gized to form an electrostatic latent image upon the re 
cording medium. 
The pulse width, which is determined by the mono 

stable multivibrator 25, must be so selected as to satisfy 
the following conditions: 

1. the pusle width or duration must be longer than the 
pulse width of about 0.1 p. sec. required for electro 
static recording. I 

2. the pulse width must be short so that the cores of 
the transformer assembly 15 are not saturated so as 
to avoid distortion of the output voltage. 

3.» the interference between the adjacent pulses must‘ 
not distort the output voltage waveforms of the 
transformer assembly. 

In the instant embodiment, bipolar amplifiers 
141-146 are used because the bipolar output voltages 
must be applied to the input terminals El-Ee, but they 
are generally complex in construction so that a trans 
former assembly 15’ in which the positive and negative 
voltages can be induced across the secondary windings 
in response to a unipolar primary voltage may be used 
as will be described in detail hereinafter with reference 
to FIG. 4. 
Referring to FIG. 4, the primary windings H10, H20, 

H30, H40, H50 and H60 are wound on the cores T1-T6, re 
spectively, in the same direction as the primary wind 
ings in FIG. 1 whereas the primary windings H11, H21, 
H31, H41, H51 and H61 are wound in the opposite direc 
tion. One end of each of the primaries H10 and H11 are 
connected together and are grounded whereas the 
other ends are connected to input terminals E10 and 
En, respectively. In like manner, one end of each of the 
primaries H20 and H21, H30 and H31, H40 and H41, H50 and 
H51, and H60 and H61 are connected together respec 
tively and grounded whereas the other ends are con 
nected to the input terminals E20, E21, E30, E31, E40, E41, 
E50, E51, E60 and E61, respectively. When the input volt 
ages are applied to the input terminals E10, E20, E30, E40, 
E50 and E60, the output terminal F1 is selected, that is 
the selected output voltage appears at the output termi 
nal F1. When the input voltages are applied to the input 
terminals E10, E20, E30, E40, E51 and E6‘, the selected out 
put voltage appears at the output terminal F2 since the 
primaries H51 and H61 are wound i n the direction oppo 
site to that of the other primaries Hm-Hlo. 
Second Embodiment ' 

In the electrostatic recording system utilizing a multi 
stylus electrode in which ?ne styluses are put closely to 
give fine picture, the electrical insulation layer between 
the adjacent styluses is very thin (for example less than 
0.1 mm) and the high electrostatic recording voltages 
(for example higher than 600V) are applied to the sty 
luses so that the electrical insulation between the adja 
cent styluses tends to be frequently broken and the dis 
charge occurs between the adjacent styluses. As a re 
sult, the quality of the recorded image becomes very 
poor and unsatisfactory and ins some cases the styluses 
are severely damaged. Furthermore, it is not preferable 



7 
from an economical view point that the potential differ 
ence between the adjacent styluses becomes too high 
because of the increase in power consumption and also 
because the ineffective energy consumed due to the 
stray capacitance between the adjacent styluses is in 
proportion to the square of the potential difference be 
tween the adjacent styluses. It is therefore preferable to 
minimize the potential difference between the adjacent 
styluses by utilizing the spurious outputs of the trans 
former assembly. For this purpose, the winding matrix 10 
shown in Table 2 is used. 
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second embodiment is substantially similar to the first 
embodiment except that the transformer assembly 15 
is constructed based upon the winding matrix shown in 
Table 2 and the selecting pulse signal generator 12 is 
modified to give the output signals also based upon the 
,matrix shown in Table 2. The generator 12 gives the 
output signals bl = 01, b2 = a,69a2, 173 = a?aa, b4= a3€Ba4, 
and b, = a4 instead of the output signals a1, a2, a3, a4, 
and a5 = aléléa?a?m. 
Third Embodiment 
In the third embodiment of the present invention, the 

The winding matrix shown in Table 2 is an improve 
ment of the winding matrix shown in Table 1. 1n the 
transformer assmebly based upon the winding matrix 
shown in Table 2, the voltage difference between the 
adjacent output terminals is 4V2 at the most whereas 
the voltage difference in the transformer assembly of 
the first embodiment is 8V2. 
When the elements of the two columns of the matrix 

shown in Table 2 are compared, it is seen that two ele 
ments are always different from each other. For exam 
ple the elements of the first and second columns are 
different from each other in the 5th and 6th rows. 
The matrix shown in Table 2 is obtained by rewriting 

the matrix shown in Table 1. That is, the columns of the 
matrix shown in Table l are re-arrayed in the order of 
the 1st, 2nd, 4th, 3rd, 7th, 8th, 6th, 5th, 13th, 14th, 
16th, 15th, 10th, 12th, 11th and 9th. In summary, the 
columns of one winding matrix may rewritten or re 
arrayed so that the number of elements in the corre 
sponding rows different from each other in two adja 
cent selected columns may be minimized. Alterna 
tively, such a winding matrix may be formed indepen 
dently and a transformer assembly may be constructed 
based upon this winding matrix so that the voltage dif 
ference between the adjacent output terminals may be 
minimized. It is a mathematical problem to obtain a 
winding matrix of the type described above. 
Next referring to FIG. 5 illustrating diagrammatically 50 

the second embodiment of the present invention, the 

25 
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40 
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transformer assembly has k input terminals and 2" out 
put terminals. When one output terminal is assigned a 
number j, then j — l is a positive integer from 0 to 2" 
— l and is given in the binary system 
j--l==aUa2,.. .au. Ha,“ 

where a” = 1 or O at the i-th digit position from the most 
significant digit. 

Next from the following equations 
bu : an 

bu : an §Bai—1.1 
(i=2,3,...k) 

5 CU : _2bt1 + 1 

(i=l,2,...k) 
bi,- is calculated. The results when k = 4 are shown in 

T512133 
., ., ,. 

When the transformer assembly is constructed based 
upon a winding matrix shown in Table 4 in which 0,,- is 
'an element of the ith row and j-th column, the selected 
output voltage is kV2 whereas the voltage difference 
between the adjacent output terminals is 2V2. b,-,- is 
known as Gray code in which the digits of the consecu 
tive numbers are the same in‘every place except one, 

I and in that place the digitsdiffer by one unit. cu is the 
code in which when bi, is 0, it is replaced by +1 whereas 
when bu- is 1, it is replaced by —1. The winding matrix 
shown in Table 4 is obtained by arraying the rows of the 
column c in Table 3 as the columns and the columns as 
the rows. 

5 

a b c 

J 1'1 an "2: ‘1.11 "4.! bu 172: ba: bu C ii 611 C31 Q1 

1 0 0 0 O O 0 0 0 0 1 1 1 l 
2 1 0 O O 1 0 O O l 1 l 1 —1 
3 2 0 0 1 0 O 0 1 1 l 1 —~1 —1 
4 3 0 0 1 1 0 0 1 0 l l —l 1 
5 4 0 1 0 O O 1 1 0 1 —1 —-l l 
6 5 0 l O 1 O l 1 l 1 —1 —1 —1 
7 6 O l l O 0 l 0 1 l —1 1 —1 
8 7 0 1 1 1 0 1 0 O l *1 1 1 
9 8 1 0 0 0 l l 0 0 —1 —1 l 1 

1O 9 1 0 0 1 1 l 0 1 ——l —1 1 -—1 
11 1O 1 0 1 0 1 1 1 1 —1 —l ——1 —1 
12 1 1 1 0 1 1 1 1 1 (l —1 —l -1 l 
13 12 1 1 0 O 1 0 1 0 —1 l —l 1 
14 13 1 1 0 1 1 O 1 1 —l 1 —l —1 
15 14 l l 1 0 l O 0 1 -—1 1 1 —1 
16 15 1 1 1 1 1 0 0 0 —1 1 1 1 

Table 3 
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Fourth Embodiment 
Next, the fourth embodiment in which the trans 

former assembly has n input terminals and 2" output 
terminals (k = positive integers less than n), will be de 
scribed. The transformer assembly is constructed based ‘ 
upon the (n,k) error-correcting code so that the voltage 
difference between the adjacent output terminals may 
be minimized. 

First, the simplest example where n = 4 and k = 3 will 
be described. In this case, the (4,3) code may be uti 
lized. When one output terminal is assigned a number 
j, then (j~l) is a positive number from 0 to 2"—l which 
is expressed in the binary system as follows: 

Since k = 3, the right term is a” a2, a3]. a”, 112,, as], a.“ = 
a“ @a?ébaaj is called (4,3) code, which is shown in 
Table 5, column a. It is seen that any two elements are 
different from each other when two rows are compared 
with each other. In the error-correcting code, the num 
ber of digits positions in which the corresponding digits 
of two binary numbers of the same length are different 
is called a “Hamming distance" or a “distance.” The 
minimum of distance is called the “minimum dis 
tance." In the (4,3) code, the distance is greater than 
2 so that the minimum distance is 2. Ofthe bits a”, a2), 
a3, and a.“ of (4,3) code, three bits a“, a2, and as] in the 
form of binary number system are called the informa 
tion bits whereas a.” obtained by the calculation of the 
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difference between the adjacent output terminals be 
comes minimum. 

In practice, in the transfer assembly based upon the 
(4,3) code described above, the spurious output be 
comes —4, but it may be increased by i2 by superim 
posing a constant bias voltage so that the selecting ratio 
of 1/3 may be obtained when the selected output is 6. 
So far, Gray code is used in order to improve the 

(n,k) code so as to have the minimum distance between 
adjacent code words, but it does not follow that Gray 
code is always used. The following codes may be uti 
lized in the present invention. 

1. A code in which the parity check is made by addi 
tional bits and which is generally represented by (k 
+ 1,k) code. An example is (4,3) code described 
hereinbefore. 

2. The so-called orthogonal array code. 
3. (12,7) code represented by 

be, 171169 112159 ban 1'11 G3 173169 be» bu 69 173155 b1» baj 
Q by Q 1751 and [731$ be, @ [37}. 

The bits bu, b2, and b3, are not used though they are in 
formation bits. This code is an improvement of 
SASAKI code. In addition, SASAKI code, Golay codes 
such as (18,9) code, and (24,12) code may be utilized. 
vFifth Embodiment 
In the fifth embodiment, the unipolar pulses are ap 

plied to the input terminals E1+E5 of the transformer 
assembly 15 in which two secondary windings are con 
nected. Referring to FIG. 6, the primary windings 
wound on the cores "fl-T5 in the same direction are 
connected to the input terminals E,+E5, respectively, 
and four secondary windings are wound on each of the 
cores T,+T5 in the same direction. The winding matrix 

information bits is called a check bit. 35 of this transformer assembly 15 is shown in Table 6. 

a b c 

j 
an "21 “a; an bu bu b3! bu ' Cu C21 C11) C41 

1 0 0 0 0 0 0 0 0 1 1 1 1 
2 0 0 1 1 0 0 1 1 1 1 +1 +1 
3 0 1 0 1 0 1 1 0 1 +1 +1 1 
4 0 1 1 0 0 1 0 1 1 +1 +1 
5 1 0 0 1 . 1 1 0 0 +1 +1 1 
6 1 0 1 0 1 1 1 1 +1 +1 +1 +1 
7 1 1 0 0 1 0 1 0 _ +1 1 +1 1 
8 1 1 1 1 1 0 0 1 +1 1 +1 

(4,3) code shown in column b of Table 5 is used to 
construct a transformer assembly in which the voltage 50 F, F, F, F, F, F, F, F, F, F... 
difference between the adjacent output terminals be- 0 0 O 0 l I 0 
comes minimum. The information bits bu, b2, and b3, i (I) (l) I O 0 0 0 O I 
corresponding to the bits au, a2, and a3, are given by uti- T, 0 1 1 0 1 1 0 0 0 0 

' ' T 0 0 0 1 1 0 1 1 0 0 112mg Gray code by T; O 0 0 O O k \ 0 I l 
u = an 55 

b21=a2J$a11U=1,2,-~3) Tam“ 
bar = 431 E9421- + ‘ 

and In Table 6, 1 represents the secondary winding while 
1741 = bu 551221995711; 0 represents no secondary winding. The secondary 

In the improved (4,3) code, the distance between any 
two adjacent code words is 2. 
Next, based upon the following equation 
Cu=—2bu+ l (i= 1,2, 3 and 4; andj= 1, 2, . . . , 
and 8) 

Os in the column b of Table 4 are replaced by Is where 
as l s by -ls so that the code shown in column c in 
Table 4 is obtained. In the transfer assembly con 
structed based upon the code in column C, the voltage 

60 

65 

windings of the columns are connected in series. For 
instance, two l’s in the first column of the winding ma 
trix represent the secondary windings wound on the 
cores T1 and T2 are connected to the output terminal 
F, in series. The feature of the winding matrix shown 
in Table 6 is that when two columns are compared with 
each other, there are always two different elements. A 
further feature is that two elements of each column are 
always ls whereas three ‘elements are always 0s_.__$ince 
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each column has two elements which are ls, the matrix 
is a sort of fixedweight error-correcting code where the 
weight is 2. When the driving pulse inputs are applied 
to the input terminals corresponding the elements ls of 
the i~th column, the selected output voltage appears at 
the F, terminal, and the selected output is 2V2 whereas 
the spurious output is V2. 
The transformer assemblies may be constructed 

based upon some fixed weight error-correcting codes 
known in the experimental designs as balanced incom 
plete block designs. Steiner system which is repre» 
sented by S(t,k,v) is known as a set of arrangements out 
of v-objects into blocks of k objects'in which the block 
that contans any combination oft objects is found only 
once. The element n,-,- of the combination matrix repre 
senting the above arrangement is I when the i-th object‘ 
is contained in thej-th block, but 0 when the i-th object 
is not contained in the j-th block. In order to construct 
the transformer assembly based upon this matrix, the 
input terminals are represented by the objects whereas 
the output terminals are represented by the blocks and 
the combination matrix is used as the winding matrix. 
Then, the number of input terminals equals v, the 
weight is k, the selecting ratio is (t — 1 )/k, and the maxi 
mum number of output terminals is I,C,/ kC,, where C is 
the symbol of combination. 
For example, Mathieu code is S(5,8,24) so that the 

number of input terminals is 24, the weight is 8, the se 
lecting ratio is 4/8 and the maximum number of output 
terminals is 759. 
The advantage of the fixed weight error-correcting 

code resides in the fact that the unipolar driving pulses 
may be used so that the driving circuit maybe made 
simple in construction. In the transformer assembly 
constructed based upon the combination matrix the 
output terminals are selected one by one. 

Sixth Embodiment 
Next referring to FIG. 7, the sixth embodiment of the 

present invention will be described hereinafter. The 
facsimile receiver shown in FIG. 7 is of the type capa 
ble of recording simultaneously three picture elements. 
In the'control unit 25, the serial picture signals applied 
to the input terminal 11 are converted into three paral 
lel picture signals which are applied to ampli?ers 261,‘ 
262 and 263 in the driver 26. The outputs of the ampli 
?ers 261,262 and 263 are applied to the input termi 
nals Em, E02 and E03 of the transformer assembly 27. In 
order to designate the recording positions of the first 
three picture signals, the recording position selecting 
signal is applied to the ampli?er 264 so that the driving 
‘pulse or the output of the ampli?er 264 may be applied 
to the input terminal E10 of the transformer assembly 
27 which is constructed based upon a winding matrix 
shown in Table 7. 
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12 
wound on the cores. Theynumber of secondary wind 
ings may be reduced when the voltage with the same 
magnitude and the same polarity are induced across 
them. From Table 7, it is readily seen that the elements 
of the fourth, fifth and sixth rows (T10, T20 and Two) are 
the same respectivity in the first to third columns, in the 
fourth to sixth columns, and in the seventh to ninth col 
umns, so that only one winding can be wound on each 
of the cores T10, T20 and T30 as shown in FIG. 7. The 
features of the winding matrix shown in Table 7 are‘ 
that when two columns are compared, two elements 
differ and that each column has always two ls. Since 
the weights of all of the rows are 2 in the matrix shown 
in Table 7, the matrix is a fixed weight error correcting 
code. When the input voltages +V1 are applied to the 
input terminals Btu-E03 and the input voltage +V, is si 
multaneously applied to the input terminal E10, the se 
lected output voltage +2V2 is induced across the series 
connected secondary windings corresponding to the 
?rst, second and third rows of the winding matrix 
shown in Table 7, but the spurious outputs 0 or +V2 ap 
pear at the other output terminals F2,-F23 and F3,-—F33. 
When the input voltage is applied to input terminal E“, 
(where i= 1, 2 and 3) and to one of the input terminals 
E01, E02 or E03, to two of them or all of them, the se 
lected output voltage +2V2 appears at one of the three 
output terminals F“, Fm and F,-;,, at two of them or all 
of them. The selecting ratio is 1/2. As with the case of 
the other embodiments of the present invention, the 
level of the spurious output is so selected that no elec 
trostatic recording will be made. 

In response to the clock pulses supplied from the 
clock pulse generator 28, the picture signals applied to 
the input terminal 11 are sequentially transferred into 
a shift register 29, and when three picture signals are 
transferred into the shift register 29, a counter 30 gives 
the output signal to AND gates 31 so that the contents 
of the shift register 29 are simultaneously transferred in 
parallel through the gates 31 into a buffer register 32. 
The counter 30 also gives the output signal which has 
been reset. As a result, a flip-?op 341 changes to the 
state 1 whereas other flip-?ops 342 and 343, to the 
state 0. The output signal of the counter 30 is transmit 
ted also to a monostable multivibrator 35 which gives 
to AND gates 33 pulse signals with a suitable pulse du 
ration so that the three picture signals stored in the buf 
fer register 32 are transferred in parallel to the ampli? 
ers 261, 262, and 263 in the driver 26, and the record 
ing position designating signals are transferred into the 
driver 26 from the shift register 34. These signals are 
ampli?ed and applied to the transfer assembly 27 so 
that the selected output voltages appear at the output 
terminals F11, F12 and F13 depending upon the picture 
signals. As a result, three dots are simultaneously re_ 

Fn F12 F13 Fzr F22 F23 F31 F32 F33 

T,II I O 0 l 0 O l 0 O 
T02 O l O O l 0 O I 0 
TM 0 0 l 0 0 l O O l 
Tm l l l 0 O O 0 O 0 
T2,, 0 0 0 l l l 0 O O 
T;,,, 0 O O 0 O O l l I 

Table 7 

In Table 7, the element 1 represents that the secondary 
windings are wound on the cores Tor-T03 and THY-T30 
whereas the element 0 represents that'no winding is 

corded by styluses 35 on the recording medium 37. 
As soon as the contents of the shift register 29 are 

transferred into the buffer register 32, the next three 



v13 
picture signals are stored one by one in the shift register 
29. In like manner, the next three dots are recorded. 
The above operations are cycled until the desired elec 
‘trostatic recording is obtained. 

In order to improve the selecting ratio, between the 5 . 
ground and the junction G,J between the primary wind~ 
ing H35 and a common lead wire there may be inserted 
a primary windingrwound upon a core whose secondary 

3,871,003 
14 

may be minimized. That is, in the matrix shown in 
Table 8 the elements of the adjacent columns are dif 
ferent in only two rows. Anothr improvement of the 
matrix shown in Table 7 is shown in Table 9. 
To explain this winding matrix, the output terminals 

are represented by Fi, (i= 1, 2, and 3;j= l, 2, and 3) 
and arrayed in the order of (i —- 1). 3 +j, and the input 
terminals are represented by E9,-(i=1, 2 and 3) and Em 

Fll F12 Flil F21 F22 F23 Fill F32 F311 

E0, 1 0 O 0 l O 0 0 
E,2 0 1 o 0 0 1 1 0 (I) 
Em, C O l l O O O l 0 
E10 1 l l 0 0 0 0 0 0 
E20 0 O 0 l 1 l 0 0 0 
E30 0 0 0 0 0 0 1 l I 

Table 9 

winding is inserted between the ground and the junc 
tion G, of the secondary windings L10, L20 and L30, so 
that a voltage equal to —V2/2 is always induced across 
the secondary winding. Then, the selected output volt 
age becomes +3/2 V2, the spurious voltage is —‘/a V2 or 
+1/2 V2, and the selecting ratio is 1/3. 
When the transformer assembly of the type shown in 

FIG. 7 has input terminals E01, E02, . . . E0," and E10, E20, 
. EH0, the number of input terminals is (m + n) 

whereas the number of output terminals is (m ' n). The 
output terminals are represented by Fijk (i = l, 2, 3, . 

, m; k, = 1,2,. .. , n), and the input 

terminals, by Eook (k = l, 2, . . . ,n), E010 (i=1, 2,. . 
. , m) and Ema (i= 1, 2,. . . ,1). In the winding matrix 
of the transformer assembly, the elements of the col 
umn corresponding to the output terminal PM are Is at 
the rows corresponding to the input terminals E 
and E00,,- whereas the remaining elements are Os. The 
transformer assembly based upon this winding matrix 
has (I + m + n) input terminals and (l ' m ' n ) output 
terminals. 
Seventh Embodiment 
The seventh embodiment is an improvement of the 

sixth embodiment so that the voltage difference be 
tween the adjacent output terminals of the transformer 
assembly may be minimized. The winding matrix shown 
in Table 7 is improved as shown in Table 8. 

l 
O 
O 
l 
(1 
0 

Table 8 
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(i= 1, 2 and 3). In the column F,-,~, the elements in the 
rows corresponding to the input terminals Em and E0, 
(where x is given from the relation x-l-i-jE 1 (mod 3)) 
are ls whereas the elements in the remaining rows are 
05. In like manner, the winding matrix shown in Table 
8 is formed by putting x =j when i is an odd number 
and putting x = 4 —j when i is an even number. When 
itakes on the value of l, 2, . . . ,l and j, on the value 
of l, 2,. . . , m, the number of input terminals is (1+ m) 
and the number of output terminals, (l ' m). When the 
output terminals are represented by Fm,- (i = l, 2, . . . 

,l-,-j= 1,2,...,m;k=l,2,...,n).andarrayed in 
the order of((i—— l) 'm+(j— 1))x-m 'k. The input 
terminals are represented by Book (k = 1,2,. . . , n), E0“, 
(/'= 1, 2, . . .,m) and Ema (i= 1, 2, . . . ,1). The ele 
ments of the column Fijk in the rows corresponding to 
the input terminals Em, E010 and E00,, are ls whereas 
the elements in the other rows are Os, where x =j when 
iis an odd number, x =m +1 —j when iis an even num 
ber, y = k when (i -- 1) 'l+j is an odd number whereas 
y=n+ l ~kwhen (i- l)'m+jis an even number. 

Alternatively, x and y may be derived from 
x+i—j a n (mod. m), and 

,y+(i— l)'m+jl —l E k(mod.n) 

where h, h’ are constant integers. Therefore, the num 
ber of input terminals is (1-1- m + n) and the number of 
output terminals, (l ' m ' n). The signal distance be 
tween the adjacent columns is minimum. 
Eighth Embodiment 

Next referring to FIG. 8 the eighth embodiment of a 
transformer assembly in accordance with the present 
invention will be described. The transformer assembly 

55 is constructed based upon a ?xed weight error correct 

The winding matrix shown in Table 8 is obtained by ' 
rearraying the columns of the matrix shown in Table 7 
so that the number of elements in the corresponding 
rows of the adjacent columns different from each other 

ing code derived fromp element code (where p = 2, 3, 
. . . ). One example, quaternary code, shown in Table 
10 will be described. Since the corresponding elements 
of the columns differ in more than two rows, the mini 
mum distance of this code is 2. 

F1 F9 F10 Fll ' F12 F13 F14 F15 Fl“ 
a“ 0 1 2 3 1 2 3 0 2 3 0 1 3 0 1 2 
a2) 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3] 
11,, 0 0 o 0 1 1 1 1 2 2 2 2 3 3 3 3 

Table I0 












































