March 16, 1965 A. E. BREWSTER ETAL 3,174,050
ELECTRIC PULSE DISTRIBUTORS

" Filed Oct. 28, 1960 3 Sheets-Sheet 1
8._..._
Q
-
deE pg)
= | 0 2
s 7 s
10 57 7
n, | 2 6/4

Jw“i
g

=

' ~e P HG2. Curp W
R BT T ]
p-lo) el o/ o]

(T 1)

I 383237 33 36 3435

1% "
2 4
&548 2 \|32%1] 22 7\5 4|3’
z 22 y 90
o Iy S -
GEN 4£) - b e 4/
27 z e ??'? 4'5
2 3z ‘
2
Inventors

ARTHUR £. BREWSTER
MICHAEL BEASLEY
sy

Attorney



March 16, 1965 A E. BREWSTER ETAL 3,174,050

ELECTRIC PULSE DISTRIBUTORS

Filed Oct. 28, 1960 3 Sheets-Sheet 2

| 5
FIG.S. _ 85
_L_"L‘.J_,54
AN o : 578
' 564 568 i
. >= 504 S0 ="
A 594
= \ N
=
55/1[ [555 v
51
52
I T o
Q . é
G0A 64 68 B.
TO FIG.5. TO FIG.5.
coa 64 FIG.6. 618 608
628
654 581710 58
o 722l | 2| 5 “BFIG.S.
63,4"'/ /i/m:?/mg? o Yerrt| 322 6B

644 4837
394 431 414451421
v J A AT "‘_l_

[ 8

\

Inventors
ARTHUR E. BREWSTER
MICHAEL BEASLEY

S i o

Attorne y



March 16, 1965 A. E. BREWSTER ETAL 3,174,050
ELECTRIC PULSE DISTRIBUTORS
Filed Oct. 28, 1960 3 Sheets-Sheet 3

FIG.7

168

"
l/ s %
) el Dl W3 IR DR D 'Wga 5
24 T0 58
3 b4 3277 Fl 5
- LA A A ~7J\’:7 %48 G
+

0 VOLTS+

Inventors
ARTHUR E. BREWSTER
MICHAEL BEASLEY

Attorney



United States Patent Office

3,174,050
Patented Mar. 16, 1965

9

i

3,174,650
ELECTRIC PULSE DISTRIBUTGRS
Arthuy Edward Brewster and Michae! Beasley, Londen,
England, assignors to International Standavd Electric
Corporation, New York, M.Y.
Filed Qct, 28, 1568, Ser, No. 65,708
Clatins priority, applcatien Great Britain, Nov. 8, 1959,
37,890/59
15 Claims. (CL 307--88)

The present invention relates to electric pulse distribu-
tors.

It has already been proposed to construct a pulse dis-
tributor from magnetic cores of ferrite or other suitable
so-called “square loop” or saturable magnetic material.
In this arrangement a number of similar cores are each
provided with an input winding and a bias winding. The
input windings all have the same number of turns and
are connected in series to a source of a sawtooth or
sinusoidal current wave. The bias windings all have dif-
ferent numbers of turns and are connected in series to a
source of bias current, so that all the cores have different
bias fields. Then, in response to each of the scanning
strokes of the sawtooth or sinewave, the cores ars trig-
gered in turn, and corresponding output pulses can be
obtained from output windings on the respective cores.

In this arrangement the accuracy of the timing of the
output pulses depends on the straightness of the scanning
stroke of the applied wave, and it may be difficuit to ob-
tain and maintain the necessary straightness.

The present invention proposes an alternative arrange-
ment in which the timing of the output pulses is principal-
ly determined by the characteristics of the cores. Instead
of supplying a current wave to the input windings of the
cores, a fixed potential is applied, whose polarity is pe-
riodically reversedl; then in response to each cycle all the
cores reverse. in turn and produce output pulses whose
spacing depends on the time taken for the flux of a core
to be reversed.

This will be more fully explained with reference to the
accompanying drawing, in which:

FIG. 1 shows a schematic circuit diagram of a theo-
retical form of a distributor according to the invention;

FIGS. 2 and 3 show diagrams used to explain the op-
eration of FIG. 1,

FIG. 4 shows a schematic circuit diagram of a one
practical embodiment of a distributor according to the
invention;

TIG. 5 shows a schematic circuit diagram of a genera-
tor used in FIG. 4;

FIG. 6 shows a schematic circuit diagram of an ar-
rangement for reversing the conditien of the generator
of FIG. 5;

FIG. 7 shows a modification of FIG. 4 to enable the
distributor to be synchronised; and

FIG. 8 shows a diagram used to explain the operation
of FIG. 7.

Tn the present. specification, in order to simplfy the
circuits, a magnetic core will be shown diagrammatically
as a thick horizontal line. A winding on a core will be
shown as a short line inclined upwards to the left to in-
dicate a winding wound “siraight,” and inclined upwards
to the right to indicate one wound “reverse.” A vertical
line through the intersection of a winding line with the
core line indicates a conductor with which the winding
is in series. A current flowing downwards through a
“straight” winding will be assumed to produce a flux
from left to right in the core.

The circuit of FIG. 1 illustrates the principle of the
invention. Four similar preferably toroidal cores 1, 2,
3, 4 of ferrite or other suitable saturable ferrcmagnetic
material with a so-called “square” hysteresis loop are
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provided, Each core is provided with an input or trigger
winding 5 wound straight, a bias winding 6 wound re-
verse, and an output winding 7, wound straight. The
trigger windings 5 all have the same number # of turns,
and all the output windings 7 may also have the same
number of turns. The bias windings 6, however, all have
diiferent nuimbers of turns. Thus for example, the wind-
ings 6 of cores 1 to 4 may have m, 2m, 3in and 4m turns,
respectively, in which m may be equal to 1.

A direct current source is provided, comprising a relay
8 and two batteries 9, 18 of opposite sign and constant
potential E. The batteries are connected to ground,
and to the change-over contacts of the relay 8§ as shown.
The movable spring of the contacts is connected to.ground
through all the trigger windings § of the cores 1 to 4 in
series. ‘The relay 8 is driven from some suitable alternat-
ing current source (not shown) in such manner that the
potential E supplied to the trigger windings 5 is periodical-
ly reversed. Any other suitable arrangement may be
used: for providing the periodically reversed potential .

The bias windings 6 are connected in series with an
adjustable resistor 11 between the positive source 16 and
ground. The output windings 7 are connected between
ground and respective oufput terminals 12 to 15.

It will be seen that each of the cores has a bias magnetic
field from right to left by virtue of the current in the bias
winding. This field will be regarded as negative, and is
of increasing magnitude for cores 1, 2, 3, 4. With the
relay contact in the position shown, each core is also sub+
jected to a negative field the same for all the cores, owing
to the current in the trigger windings 5.

FIG. 2 shows the hysteresis curves of the four cores.
The abscissae are the currents flowing in the winding. 5
and the ordinates are the corresponding fluxes preduced
in the cores. The four hysteresis curves are numbered
to correspond with the respective cores, They are spaced
apart, as shown, because of the different bias fields applied
by the bias windings. The spacing of the hysteresis
curves can be changed by adjusting the resistor 11 (FIG;
1). With the contacts of relay 8 in the position-shown, a
negative current represented by the point 16- (FIG. 2)
is applied to all the trigger windings, and the cores will
all bs negatively saturated and their condition will ‘be
represented by the point 17. Now suppose that the relay
8 changes over. The sign of E is changed from positive
to negative, and a positive current.is. now supplied to the
windings 5. Assuming that the windings have negligible
resistance, then it is well known that the trigger windings
§ of the four cores must together produce a back E.M.F.
equal to E, and that the current will adjust itself so that
this condition is met. For any single -core, the back
EMF. is equal at any time to n.df/dr where.f is. the
flux, and ¢ is time.

In FIG. 2 the hysteresis curves are shown.in somewhat
idealised form, the positive negative saturation being as-
sumed to be absclutely complete, and no.curvature at
the corners of the loops. In this ideal case, immediately
after the potential E has changed to the positive value, the
current increases substantially instantaneously until the
corner 18 of curve ¥ is reached, and then core 1 supplies
the whole of the back E.M.F. e=n.df/dt while its satura-
tion is reversed from negative at the point 18 to positive
at the point 19, and the time. T taken for this reversal
to take place depends on the total flux change.2F. Thus
in the ideal case shown in which df/d¢ is constant it fol-
lows that the time 7T=2uF/E. As soon as the flux re-
versal has taken place, core 1 can no longer supply the
back E.M.F., and so the current increases practically in-
stantaneously until core- 2 is switched in like manner,
and so on. ‘Thus output pulses of duration T spaced by
intervals also equal to T will be obtained from terminals
12 to 15 in turn.
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In practice, of course, the ideal performance just de-
scribed does not occur. Actually, since the upper and
lower portions of the hysteresis curves are not horizontal
as shown, all of the cores besides that which is switched
will contribute small portions to the back EM.F. How-
ever, a larger effect is produced by the curves at the cor-
ners of the hysteresis loops. The pulses delivered to ter-
minals 12 to 16 by the cores, instead of being substantially
rectangular, are shaped somewhat in the manner shown in
FIG. 3 which shows the pulse amplitudes in volts in rela-
tion to time. The pulse 12 produced by core 1 has its
maximum amplitude corresponding to the maximum value
of df/dt at point 20 of the hysteresis loop 1, of FIG. 2,
and the major part of the back E.M.F. E is then produced
by the core 1. However, above the point 28, df/dt pro-
gressively becomes less, so that an increasing proportion
of the back BE.ML.F. E is produced by core 2, in the neigh-
borhood of the point 21 of the hysteresis loop 2, FIG. 2.
It is clear, therefore, that as the amplitude of the pulse
12 declines, following the trailing edge, the amplitude of
the pulse 13 produced by core 2 is beginning to grow at
the leading edge. At the time corresponding to the point
22 where the pulses 12 and 13 intersect, cores 1 and 2
will each be providing about half of the back E.M.F.
Thus it will be evident that the four pulses 12 to 15 over-
lap in the manner indicated.

It will be noted that the time spacing T of the crests
of adjacent pulses is determined by E and #, and by the
hysteresis curve of the magnetic material of which the
cores are made, and if all the cores are alike in material
and dimensions, then T will be the same for each core.
Approximately T=2nF/E where 2F is the total changs in
flux due to a reversal of the condition of the core.

When the relay 8 (FIG. 1) changes back to the position
shown, it will be clear that a group of four negative
pulses similar to those shown in FIG. 3 will be produced,
but in this case the first pulse is produced by core 4 and
the last by core 1.

It should be pointed out that after all the four cores
have been switched, the current supplied by the source 18
will tend to increase to a very large value because none
of the cores can now produce any appreciable fiux change.
The current will in practice be limited by the resistance
of the windings 5. As will be explained below, this in-
crease in current may be employed automatically to re-
verse the potential E when all the cores have been
switched.

While the hysteresis curves are shown well separated
in FIG. 2 for clearness, in practice they could be much

closer so that they overlap, but the current corresponding :

to the point 21 should preferably be higher than that
corresponding to the point 19 in each case. The curves
can be brought closer together, for example, by increasing
the resistor 11 in FIG,. 1.

It will be evident that although only four cores are 3

shown in FIG. 1, the circuit may be extended to include
any number of such cores provided only that they are all
differently biased.

It may be mentioned that if the rather close overlapping
of the pulses indicated in FIG. 3 is inconvenient, the
number of cores may be increased, and the output winding
7 may be omitted from alternate cores. This will have
the effect of eliminating alternate pulses in FIG. 3 so that
the overlapping of adjacent pulses is now much less sig-
nificant.

A practical example of a pulse distributor operating
according to the principles explained with reference to
FIGS. 1 to 3 is shown in FIG. 4. It provides cycles of
eight distributor pulses which appear at eight correspond-
ing output terminals 31 to 38, which are numbered in the
order in which the output pulses appear. Four output
magnetic cores 39 to 42 are arranged alternately with
three spacer cores 43 to 45. Each of the cores has a
trigger winding 5 wound straight with n turns. FEach of
the cores except 44 has a bias winding 6 wound straight
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on cores 39, 43 and 40 and reverse on cores 41, 45 and 42.
The bias windings on cores 40 and 41 have 1 turns, those
on cores 43 and 45 have Zm turns, and those on cores 39
and 42 have 3 turns.

Core 39 has two output windings 7A and 7B wound
straight and reverse, respectively, and connected to ter-
minals 31 and 38 through respective rectifiers 46A and
46B both of which are directed to pass positive pulses to
the corresponding terminals. Cores 49, 41 and 42 have
similar pairs of output windings connected to correspond-
ing output terminals through rectifiers in like manner. No
output windings are provided for the spacer cores 43,
44 and 45.

The trigger windings 5 of the seven cores are connected
in series to =@ voltage generator 47 which generates a
constant voltage E which is periodically reversed. A
suitable generator is shown in FIG. 5. The six bias
windings 6 are connected in series with an adjustable
resistor 48 to a direct current bias source 49.

The arrangement is similar to FIG. 1 with three extra
spacer cores arranged alternately with the four output
cores, but instead of biasing all the cores in the same
direction by different amounts one of the cores (44)
has no bias while the bias of cores 49, 43 and 39 is op-
posite to that of cores 41, 45 and 42.

When the voltage applied by the source 47 changes to
4E, the seven cores will be switched in turn downwards
from 3% to 42. 1In the case of core 39, the positive pulse
generated by the winding 7A passes through the rectifier
46A and is delivered to terminal 3%, while the negative
pulse generated by the winding 7B is stopped by the recti-
fier 46B. The cores 48, 41 and 42 behave similarly, so
that positive pulses are delivered in turn to terminals
31, 32, 35 and 34. When core 42 has been switched, the
current supplied by the generator 47 to the windings 5
increases to a large value and causes the generator 47 to
supply a voltage of —FE instead of +E. The seven cores
now switch back again, upwards from core 42 to core 39,
and it will be clear that now positive output pulses are
delivered in turn to terminals 35, 36, 37 and 386.

it should be noted that when the applied voltage E is
reversed after the core 42 has been switched, so that, as
explained, core 42 is switched back again, the two suc-
cessive pulses generated by the core 42 will substantially
not overlap because the back E.M.F. generated must pass
through zero before reversing. These two pulses can be
spaced substantially by the time 2T so that spacing core
is not needed. Similar considerations apply when the
voltage E is reversed after core 39 has been switched.
Thus it will be seen that in the general case the number
of spacer cores required is one less than the number of
output cores.

FIG. 5 shows the circuit of one possible form of the
voltage generator 47 of FIG. 4. It is a known type of
two-condition bistable device comprising two similar tran-
sistors 88A, 588, assumed to be of the usual P-N-P type,
the emitter electrodes of which are connected to ground
through a common resistor 51 shunted by a capacitor 52.
A direct current operating source 53 has its positive
terminal connected to ground, and its negative terminal
connected to the centre tap of the primary winding of
an oufput transformer 54, which should be designed so
that it does not exhibit any saturation effects. The base
electrode of transistor 5QA is connected to ground through
a switch 59A, when in the position shown, and resistor
55A, and to the source 53 through the switch and a re-
sistor 86A and half the primary winding of the trans-
former 54, The resistor 56A is shunted by a capacitor
57A. Terminals 68A and 61A are connected respective-
ly to the capacitor 57A and to the disconnected contact
of the switch 59A. Similar elements are associated with
transistor 56B and are given the same designation num-
bers with the letter B instead of the letter A, the circuit
being symmetrical. The collecior electrode of the tran-
sistor 59A is connected to the upper end of resistor 56B
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and that of transistor 50B to the upper end of resistor
56A, as shown. The secondary winding of the trans-
former 54 is connected between ground and an output
terminal 58.

The termirals 68A, 61A and 60B, 61B are used in con-
nection with a modified arrangement to be described with
reference to FIG. 6, and for the present they will be dis-
regarded, and it will be assumed that the switches 59A
and 59B are in the positions shown.

The circuit has two stable states, in onc of which the
transistor 50A is cut off, and in the other, the transistor
S6B is cut off, the other tramsistor being conducting in
each case. Let it be assumed that the circuit has just
changed over so that transistor 50A is cut off, and that
the cores shown in FIG. 4 are being switched in order
downwards (which will be called the forward direction).
Then since transistor 568 is conducting, substantially all
of the current from the source 53 flows through the lefi-
band half of the primary winding of the transformer 54.
The value of this current is automatically adjusted so that
the switching of the cores is maintained. Since transis-
tor 80B is conducting, its collector potential VI will be
practically equal to its emitter potential and not far from
ground potential, so that the voltage across the left-hand
half of the primary winding of the transformer 54 will
be constant and a little less than the voltage of the source
53, and in opposition thereto. An equal voltage will ap-
pear across the right-hand half of the primary winding,
but aiding the voltage of the source §3. The potential V2
applied to the upper terminal of resistor 568 is thus near-
ly double the potential of the source 53.

The maximum current which the transistor 583 is ca-
pable of providing depends on the base current and on
the current gain of the transistor. The base current flows
through the resistor 56B and depends on the larger volt-
age V2.

The time constant of the resistors 56 and capacitors 57
is chosen to be small compared with a half-pericd of the
multivibrator, so that towards the end of the switching
cycle the capacitors $7A and 57B will be charged re-
spectively to potentials V1 and V2. By a suitable choice
of values of resistors 55 and 56 the base electrode of the
transistor 50A is arranged to be slightly positive to the
emitter electrode in this condition so that this transistor
is cut off.

At the end of the switching cycle, when all the cores
have been switched, a large value of current will be de-
manded from the transistor 50B to maintain the back
E.M.F. across the halves of the primary winding of the
transformer 54, and as this current is not forthcoming,
the back E.M.F. coliapses so. that the potential of the up-
per terminal of resistor 56B suddenly rises (becomes less
negative) and that of the upper terminal of resistor S6A
falls (becomes more negative)., The result is that the

base potential of the transistor 568 is driven positively ;

until the transistor is cut off, and the base potential of
transistor $8A is driven negatively until the transistor is
rendered conducting, and the condition of the multivibra-
tor sharply reverses. The back E.M.F. ig again estab-
lished in the reverse direction and the cores then begin
to switch in the reverse direction.

The instant of reversal depends on the peak current
which can be drawn from the transistor, and this can be
adjusted by suitable choice of the value of resistors 56A
and 56B which determine the base current when the tran-
sistor is conducting.. If this peak current is permitted to
be too large, there will be too great a separation of the
last pulse of the forward cycle and the first pulse of the
reverse cycle, and appreciable “sneak” pulses may appear
from all cores simultaneously.

In the case of the circuit of FIG. 5 the reversal of the
multivibrator depends on what amounts to a momentary
overload of one of the transistors.

This can be avoided by the arrangement illustrated in
FIG. 6, which shows part of the cores 3%-to 44 of FIG.
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4 with only the trigger and bias windings § and 6 shown.
It will be understood that the output windings 7A and 7B
and the rectifiers 46A and 46B which are not shown in
FIG. 6 will be provided in the manner indicated in FIG.
4. The bias source 47 and the variable resistor 48 of
FIG. 4 are shown in FIG. 6 conmnected to the bias
windings.

The trigger windings are connected to terminal 58 of
FIG. 5 as indicated.

In FIG. 6 there are shown two additional reversing
cores $2A and 6ZB having respective trigger windings
63A and §3B, wound straight, and connected in series
with the other trigger windings 5, and bias windings 64A
and 64B wound straight and reverse, respectively, and
connected in series with the other bias windings 6. The
cores 62A and 62B are further provided with output
windings 65A and 65B respectively, both wound reverse.
Winding 65A is connected to terminals 68A and 61A of
FIG. 5, and winding 658 to terminals 60B and 61B as
indicated. In FIG. 5, each of the switches 58A and 59B
should be operated to the position opposite to that shown,
so that the effect will be to insert the windings 63A and
65B of FIG. 6 in series with the base electrodes of tran-
sistors 5¢A and 56B, respectively, of FIG. 5.

The number of turns of the bias windings 64A and
64B should be chosen so that the cores 62A and 62B
have a slightly greater bias than cores 3% and 42 respec-
tively. ¥ it be assumed that transistor 56B (FIG. 5) is
cenducting so that the cores are being switched in the
forward. direction (that is from core 39 to. core 42), it
will be seen that the reversing core 62B will be switched
slightly later than the last of the output cores 42. When
core 2B is switched, a reversing pulse is generated by the
winding €3B in such a direction that the base electrods
of the transistor 5¢B is driven positively, thus cutting
off the transistor and causing the multivibrator to change
over, so that switching of the output cores now begins in
the reverse direction. A reversing pulse of opposite
pelarity will be generated by the winding 65B on the
reversing core 62B which would tend to switch the multi-
vibrator immediately back again, but this does not occur
because at the moment of reversal of the multivibrator
the charge in the capacitor 57B drives the base electrode
so far in the positive direction that the reversing pulse
from the winding 65B has no effect.

It will be seen that when the reverse switching cycle
of the output cores is completed, the reversing core 62ZA
will be switched slightly after the core 39 and the pulse
generated by the winding 65A will switch the multivi-
brator back again, and so on.

It will be seen that by this arrangement the reversal
of the multivibrator does not now depend on either tran-
sistor being driven to overload.

The bias of the switching cores 62A and 62B should
be adjusted so that the time interval between the last
pulse of one switching cycle and the first pulse. of the
next is substantially equal to 2T. If necessary, the bias
windings 64A and 64B may be connected to the bias
source 47 in an independent circuit with a separate re-
sistor (nct shown) corresponding fo 48 to enable the
proper bias to be obtained.

It should be pointed cut that to minimise the effect of
the reversing cores 62A and 62B on the pulses from the
output cores, the reversing cores should preferably be
designed so that the total flux change 2F produced by
the switching of the core is.a fraction of the correspond-
ing flux change in an output core, for example, 10%.

It may also be mentioned that in some cases it may be
possible to omit the extra. reversing cores 62A and 62B
and to put the reversing windings 65A and 65B on the
output cores 3%.and 42 respectively, so that each of these
cores would then have two cutput windings. There may
be a tendency with this arrangement for the multivibrator
to be reversed too quickly after each switching cycle, and
this could be overcome by introducing an appropriate
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smali delay between the windings 65A and 65B and the
base electredes of the transistors $8A and 58B.

Tt has already been explained that the time spacing T
of the pulses shown in FIG. 3 depends on the value of E,
on the number of turns n of the trigger windings 5, and
on the magnetic characteristics of the cores. The latter
depend on the material and dimensions of the cores, and
in practice can only be approximately predicted. Thus,
in order to be able to obtain accurately a desired value
of T, some means of convenienily adjusting the value of
E should be available, for example, by connecting the
centre point of the primary winding of the transformer
54 to the moveable contact of an adjustable potentiom-
eter (not shown), shunting the source 53. Any other
convenient means for effectively adjusting the potential
of the source could be used. Alternatively an eguivalent
result would be obtained by making the resistor 5% ad-
justable.

It is also necessary to relate the period of reversal of
the two-condition device to the value of T. If, for ex-
ample, the arrangement of FIG. 4 is to provide distribu-
tion pulses for 2r channels, for example, then the periocd
between successive reversals should be adjusted to 27Tr.

It may be pointed out that the timing of the output
pulses does not depend on the accuracy of reproduction
of any waveform, but only on the constancy of the po-
tential B which is not difficult to maintain. It will be
noted that since the transistors 58A and 50B in FIG. 5
are used only as switches, the curvature of their charac-
teristics has negligible effect on the performance of the
device.

It should be mentioned that M-P-N type transistors
could be used in FIG. 5, in which case the polarity of
the source 53 should be reversed. No alteration in
FIG. 6 would be necessary.

The distributor shown in FIG. 4 may be synchronized
by a stable oscillator by the arrangement shown in FIG.
7, which shows part of the cores 39 and 44 including the
trigger windings 5 and the bias windings 6. The ouiput
windings 7 and rectifiers 46 are not shown but will be
provided as indicated in FIG. 4. Elements 47 and 48
of FIG. 4 are also shown in FIG. 7. Each of the output
cores 39, 40, 41 and 42 is provided with a synchronizing
winding 66 wound straight on cores 39 and 41 and reverse
on cores 48 and 42 as shown. All the synchronizing
windings have the same number of turns. These syn-
chronizing windings are connected in series through a
suitable transformer 67 to a stable synchronizing oscil-
lator 68 which is preferably crystal-controlled. The fre-
quency of the oscillator 68 should be ¥4T. The trigger
windings 5 are connected in series to terminal 58 of the
generator 47 shown in FIG. 5 through a resistor 69.
The resistance of the synchromizing windings 66 should
be as low as possible so that the coupling between the
oscillator 68 and the cores is tight. The resistor 69 is
introduced to reduce the coupling between the generator
47 and the trigger windings 5, and could be omitted if
the resistance of the windings 5 is suitably increased.

The oscillator 68 then substantially determines the
times at which the output cores are switched, This will
be understood from FIG. 8. Let it first be supposed that
the oscillator 68 (FIG. 7) is disconnected from the trans-
former 67. Then it will be seen that since the synchro-
nizing windings 66 on the cores 49 and 42 are wound
reverse, the pulses 76 to 73 shown in FIG. 8 will be
delivered to the transformer 67 when the cores are
switched in the forward direction. Pulses 7¢ and 72 are
positive and 71 and 73 are negative. It will be seen that
pulses 76 and 71 correspond to the pulses 12 and 14 of
FIG. 3, the pulse 71 having been inverted because the
corresponding synchronizing winding is wound reverse.
It will be seen that the pulses 7€ to 73 form a wave
which is not very different from a sinewave.

When the oscillator 68 is connected to the transformer
67, it supplies to the synchronizing windings 66 a sine-
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wave of the same period as the wave constituted by the
pulses 78 to 73, namely 47T, and since it is tightly coupled
to the cores, while the generator 47 is loosely coupled,
the oscillator determines the switching times of the cores.
¥f at any instant the voltage applied to the transformer
67 by the cores tends to be less than that of the con-
trolling sinewave, current will flow from the oscillator 68
to increase the rate of switching, while in the opposite
case current flows from the synchronizing windings 66
to the oscillator 68 which then acts as an additional load
which reduces the switching rate, Thus the time spacing
2T (FIG. 3) of the output pulses from the cores is sub-
stantially determined by the oscillator 68.

The voltage supplied by the generator 47 (FIG. 4)
should be about 10% higher than the value E necessary
to produce the spacing 2T when unsynchronized, and
the resistor 69 (FIG. 7) should be so chosen that the
voltage applied to the trigger windings is about 10%
below E when maximum current is drawn from the gen-
erator 47. The cuirent increment required to switch a
core is then obtained from the oscillator 68, while the
balance of current necessary to maintain the progressive
switching of the cores is obtained from the generator 47.

It will be understood that the extra cores 62A and 62B
shown in FIG. 6 for reversing the multivibrator may be
added to FIG. 7 if desired.

While the principles of the invention have been de-
scribed above in connection with specific embodiments,
and particular modifications thereof, it is to be clearly
understood that this description is made only by way of
example and not as a limitation on the scope of the in-
vention.

What we claim is:

1. An electric pulse distributor comprising:

a first odd numbered plurality of similar cores of

saturable ferromagnetic material;

a second odd numbered plurality of similar cores of
saturable ferromagnetic material;

an additional core of saturable ferromagnetic material
disposed between said first and second plurality of
cores;

an input winding wound in a given direction on each
of said cores of said first and second plurality of
cores and said additional core;

a first circuit connecting all of said input windings in
series;

a bias winding wound in said given direction on each
of said first plurality of cores, each of said bias
windings having a different number of turns;

a bias winding wound in a direction opposite to said
given direction on each core of said second plurality
of cores, each of said bias windings having a different
number of turns;

a second circuit connecting all said bias windings in
series;

a first generator coupled to said first circuit to apply
thereto a first direct current potential having a con-
stant magnitude, said first generator comprising:

a bistable device to generate a first potential of
given magnitude and given polarity in one con-
dition and a second potential of said given
magnitude and a polarity opposite to said given
polarity in its other condition;

means responsive to the disappearance of the
back electromotive force from said input wind-
ings when the condition of saturation of all the
magnetic cores have been reversed for periodi-
cally reversing the condition of said device;

a second generator coupled to said second circuit
to apply a second direct current potential there-
to and a different bias magnetic field to each
of said cores of said first and second plurality
of cores; and

output means coupled to alternate cores of said
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first and second plurality of cores for deriving
accurately timed output pulses from associated
ones of said alternate cores in response to the
reversal of the condition of saturation of said
alternate cores.

2. A distributor according to claim 1 further com-
prising: a stable synchronizing source, and synchronizing
windings connected in series with said stable source and
wound about selected one of said first and second plu-
rality of cores to couple the output of said stable source
to said first and second plurality of cores to determine
the time interval between said output pulses.

3. A distributor according to claim 2, wherein said
output means includes: a pair of output windings opposite-
ly wound on alternate cores of said first and second plu-
rality of cores; and an output arrangement coupled to
each of said output windings.

4. A distributor according to claim 3, wherein each of
said output arrangements include: an output terminal;
and means coupled between its associated one of said out-
put terminals and its associated one of said output wind-
ings to suppress pulses of a given polarity.

5. A distributor according to claim 2, wherein said
selected cores include said alternate cores of said first and
second plurality of cores; and said synchronizing windings
coupled to said alternate cores of each of said plurality
of cores are oppositely wound.

6. A distributor according to claim 2, wherein said
stable source includes means to generate periodic waves
having a period equal to twice said time interval.

7. A distributor according to claim 5, wherein said
stable source includes means to generate periodic waves
having a period equal to twice said time interval,

8. A distributor according to claim !, wherein said
means for periodically reversing the condition of said
device comprise:

a second additional core having a first additional input
winding connected ‘in series with the others of said
input windings,

a first additional bias winding connected in series with
the others of said bias windings,

said first additional input winding and said first addi-
tional bias winding cooperating to reverse the con-
dition of saturation of said second additional core
prior to the reversal of the condition of saturation
of any of the others of said cores, and

a first additional output winding connected to said de-
vice to reverse the condition thereof when the satu-
ration condition of said second additional core is
reversed; and

a third additional core having a second additional in-
put winding connected in series with the others of
said input windings,

a second additional bias winding connected in series
with the others of said bias windings,

said second additional input winding and said second
additional bias winding cooperating to reverse the
condition of saturation of said third additional core
after the reversal of the condition of saturation of all
the others of said cores, and

a second additional output winding connected to said
device to reverse the condition thereof when the satu-
ration condition of said third additional core is re-
versed.

9. A distributor according to claim 2, wherein said
means for periodically reversing the condition of said
device comprise:

a second additional core having a first additional input

winding connected in series with the others of said
input windings,
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a first additional bias winding connected in series with
the others of said bias windings,

said first additional input winding and said first addi-
tional bias winding cooperating to reverse the con-
dition of saturation of said second additional core
prior to the reversal of the condition of saturation
of any of the others of said cores, and

a first additional output winding connected to said de-
vice to reverse the condition therecf when the satura-
tion condition of said second additional core is
reversed; and

a third additional core having a second additional in-
put winding connected in series with the others of
said input windings,

a second additional bias winding connected in series
with the others of said bias windings,

said second additional input winding and said second
additional bias winding cooperating to reverse the
condition of saturation of said third additional core
after the reversal of the condition of saturation of
all the others of said cores, and

a sccond additional output winding connected to said
device to reverse the condition thereof when the
saturation condition of said third additional core is
reversed.,

10. A distributor according to claim

output means includes:

a pair of output windings oppositely wound on alter-
nate cores of said first and second plurality of cores;
and

an output arrangement coupled to each of said output
windings.

11. A distributor according to claim 10, wherein each

of said outpuf arrangements include:

an output terminal; and

means coupled between its associated one of said out-
put terminals and its associated one of said output
windings to suppress pules of a given polarity.

12. A distributor according to claim 11, further com-

prising:

a stable synchronizing source; and

synchronizing windings connected in series with said
stable source and wound about selected ones of said
first’ and second plurality of cores to couple the out-
put of said stable source to said first and second
plurality of cores to determine the time interval be-
tween said output pulses.

13. A distributor according to claim 12, wherein

said selected cores include said alternate cores of said
first and second plurality of cores; and

said synchronizing windings coupled to said alternate
cores of each of said plurality of cores are oppositely
wound.

14, A distributor according to claim 12, wherein said
stable source generates periodic waves having a period
equal to twice said time interval.

15. A distributor according to claim 13, wherein said
stable source generates periodic waves having a period
equal to twice said time interval.

1, wherein said
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