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PATENT SPECIFICATION an 1298 451

DRAWINGS ATTACHED
(21) Application No. 3773/62 (22) Filed 31 Jan. 1962
(31) Convention Application No. 260 780 (32) Filed 2 Feb. 1961 in

(33) Netherland (NL)

(45) Complete Specification published 6 Dec. 1972

(51) International Classificaction HO3K 3/82
(52) Index at acceptance
H3P 1U 2B 4R

(54) GENERATOR PRODUCING A QUASI RANDOM
SERIES OF ZEROES AND ONES

(71 We, NEDERLANDSE ORGANISATIE
VOoOrR  TOEGEPAST - NATUURWETENSCHAP-
PELUK ONDERZOEK TEN BEHOEVE VAN DE
RIJKSVERDEDIGING, a corporate body duly
organised and existing under the laws of The
Netherlands, of 22 Wassenaarseweg, The
Hague, The Netherlands, do hereby declare
the invention, for which we pray that a
patent may be granted to us, and the method
by which it is to be performed, to be par-
ticularly described in and by the following
statement:—

This invention relates to a generator pro-
ducing a quasi random series of zeroes and
ones (“0”s and “1”s), by which in this
specification will be understood a circuit
which, in accordance with the laws of
probability allows the pulses of a period-
ically operating generator to appear at the
output or not. A random series of “0”s and
“1”s can also be described as a random
series of pulses and no pulses. More gener-
ally the series could consist of a series of
signals, which as a result of a process of
drawing lots have one of two possible
values.

For the purpose of the invention the
circuit employs among other things a gener-
ator for periodical pulses, a noise source and
a gate circuit. Dependent on the value of
the noise voltage the pulses appear at the
output or not.

In a circuit of this nature a requirement
is to ensure that the probability for a pulse
to appear at the output has a predetermined
value.

With the present invention, the probabil-
ity for a pulse to appear at the output is
fixed at a predetermined or desired value,
by continuously adding the pulses appearing
at the output to the contents of a counter
and by continuously subtracting a fraction
of the pulses coming from the periodically
operating pulse generator from thes contents
of the counter. the said fraction being equal
[Price 25p]

to the predetermined probability. A control
voltage is derived from the value which
represents the numerical contents of the
counter, the control voltage being used to
adjust the threshold level of the gate circuit 50
controlled by the noise, at a rate of speed
sufficiently low with respect to the repetition
frequency of the pulses. The tendency of the
adjustment is such that, if the average num-
ber of the pulses appearing at the output is 53
too large, the control voltage tends to close
the gate.

In order to avoid undesired correlation of
pulses, the correlation in the noise voltage
must fade out during the pulse period. In 60
the present invention, the control voitage is
derived from the most significant figures
which, together with the remaining figures,
form the number, which represents the con-
tents of the counter, to avoid the correla- 63
tion which could result from the controlling
of the threshold level of the gate. Doing this,
no adjustment of the threshold level of the
gate circuit will take place, as long as, by
adding the pulses appearing at the output 70
to the contents and by subtracting the afore-
said fraction of the periodical pulses from
the contents of the counter, the contents do
not pass certain determined lower and upper
limits in accordance with the division into 75
most significant figures of the contents and
less significant figures of the contents. These
limits are hereinafter indicated as signifi-
cance limits.

As a deviation of the probability of pulses 80
appearing at the output ought to be detected
by the determination of the number of
pulses appearing at the output over a great
number of pulse periods, the control voltage:
is led through a low pass filter, the time §5
constant of which is large with respect to
the pulse period.

In connection with the required possibility
to handle series of ones and zeroes in which
large numbers of only ones or only zeroes 90
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occur consecutively, it is necessary on the
one hand to choose the counter capacity in
accordance with this requirement, and on the
other hand it is to be recommended 10 lay

3 the average value of the counter conients,
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calculated over a very long time. half-way
along the range of the countzr,

The significance limits lie symmetrically
with respect to this point of adjusiment.

The accompanying drawing is a circuit
diagram explaining this invention. The
arrangement iHlustrated in the drawing com-
prises a periodical pulse generator i, a gate
circuit 2, a counter 3 for adding and sub-
tracting pulses, a noise generator 4, a divider
5, an amplifier 6, a binary-numerical con-
verter 7, a low pass filter 8, and adder cir-
cuit 9 for signals, and an output terminal
10 for the ones and the zeroes. The opera-
tion of the circuit is as follows,

If the output voltage of the amplifier 6 is
high at the moment at which a pulse is fed
to the gate by the pulse generator, a pulse
appears at the output of the gate circuit 2.
If the cutput voltage of the amplifier 6 is
low, no pulse will appear at the output of
the gate circuit. The notions “high” and
“low™ will be illustrated later. The divider
5 determines the probability of a pulse
appearing at the output of the gate circuit
by its division factor. If for instance the
division factor is three, then the probability
of pulses appearing ai the output is one
third. If the division factor should be 9/5
the chance of puises appearing at the cutput
would bz 59.

In the counter 3, the pulses appearing at
the output of the gate circuit are added to
the contents and the pulses passed by the
divider are subiracted from the contents.

An adding and subiraciing counter cir-
cuit may be formed by interlacing the time
frames of pulses that are to be added and
those thar are to be subtracted, and by con-
necting the counter as adder during the
frame of the pulses to be added, and as
subtractor during the frame of the pulses
to be subtracted.

Switching occcurs in a binary counter i
a way tha: will be explained below. The
adding of "1” to the contents of a binary
countar. consisting of triggers, means that
the least significant trigger changes ifs state
and thar cach trigger changes state, which
is preceded by less significant triggers in the
“1™ state at the moment in which the said
«1” is fed to the counter. The “1” state of
all less significant triggers is a necessary
condition for the change of state of a trigger
when a “17 is added.

The subtracting of a “I™ from the con-
tents of a binary counter means that the
least significant trigger changes its state and
that each trigger changes state, which is
preceded by less significant triggers in the

“0” state at the moment in which the said
“1” is fed to the counter. The “0” state of
all less significant triggers is a necessary
condition for the change of state of a trigger
when a “17 is subtracted.

If each trigeer can only change its state
whea a pulse is applied o it, an “And”
gate may be used to control the admission
of the pulse {o the triggers.

For addition, it is necessary that a first
“And"” gate be open only if all less signifi-
cant triggers are in the “1” state.

For subtraction, it is necessary that a
second “And” gate be open only if all less
significant triggers are in the “0” state.

Fach trigger, except the least significant
one, has been supplied with a similar first
“And” gate and a similar second “And”
gatz, which may independently admit a
pulse to the trigger.

A counter will add, when all the second
“And™ gates have been blocked simultane-
ously, and will subtract when all the first
“And” gates have been blocked simultane-
ously. The two “And” gate systems are con-
nected to the complementary output ter-
minals of a further trigger. The pulses of
the pulse generator 1 are applied to the
input terminals of this further trigger. This
trigger changes its state at each pulse applied
0 it

The applied pulses are cqually fed to
circuit 2 if one trigger output terminal is
high and are equally applied to circuit 5
if the other output terminal of the trigger
is high.

By doing this, two frames are obtained
having the same repetition rates, which
frames are time-interlaced.

The pulses of one frame are admitted to
the counter at a moment in which the first
gate system has been deblocked. Similarly,
the pulses of the other frame are admitted
to the counter at a moment in which the
second system has been deblocked.

The said irigger can at the same time
command the switching of the counter 3,
by blocking and de-blecking the "And™ gate
SYSIEIS.

The binary-numerical converter 7 can be
of the usual type having a resistance weigi-
ing network. By connecting the converier 7

i

only to the more significant triggers (e.g.
five out of a total of ten) it is achieved that
no variation occurs in the output voltage of
tha converter, as long as the confents re-
main within the significance limits.

The low pass filier 8 can be an RC-
combination having a sufficiently large time
constant.

The noise generator 4 is of a known type.

The circuit 9 combines the noise voltage
and the output voltage of the low pass filter
and feeds the combined voltage to the
amplifier 6.
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The amplifier 6 is so designed that a
minute variation of the input voltage will
change the output voltage from the fixed
value “high” to the fixed value “low™. No

5 great demands are made on the thermal
stability of the amplifier, because the closed-
circnit system can always find a state of
equilibrium, by reacting to the “running
away” of the amplifier with a shifting of
the average value of the counter contents.
In connection with what has been said about
the significance limits, it is desirable that
the thermal drift of the amplifier remains
limited to a value which is such that the
15 shifting of the value of the average counter
contents required for its compensation com-
prises only a few units.

In connection with the possibility of the
noise voltage of the noise generator 4,
having a course which is such, determined
by statistical laws, that a number of pulses
appear or just fail to appear at the output,
which number is so large that the counter
contents reach the maximum or the mini-
mum of the capacity, it is desirable to take
steps to prevent the counter from being
brought from its maximum position into its
minimum position by one or more pulses,
or vice versa. A measure suitable for this
30 purpose in a binary counter is the provision
of a diode gate circuit, the output of which
becomes low and thereby blocks the supply
of the pulses to be added, if the triggers of
the counter indicate its maximum position,
and providing a similar diode gate circuit,
which blocks the supply of the pulses which
are to be subtracted if the triggers of the
counter indicate the minimum position.

The number of the signal inversions
occurring in the amplifier 6 and the circuits
7 and 8, should be combined with the con-
nection of the binary-numerical converter 7
to the triggers of the counter 3 in such a
manner that an excess of pulses appearing
at the output of the gate circuits brings
about the tendency to close the gate 2 by
means of the control voltage coming from
the amplifier 6.
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The pulses appearing at the output are
taken off at the terminal 10. 50

WHAT WE CLAIM IS:—

1. A generator for producing a quasi
random series of pulses which can have only
two values, the number of pulses having one
of said values being a desired fraction of the
number of pulses generated by the pulse
generator, comprising a periodic pulse
generator, a gate circuit, at the outpui of
which the pulses of only one of said values
can appear, an input for the periodically
generated pulses, a combined input for a
noise voltage and a control voltage, which
modifies the threshold level of said gate
input, said control voltage being obtained 65
by counting the pulses appearing at the out-
put of the gate circuit in a counter, and
diminishing the counter number by a
fraction of the pulses generated by the pulse
generator, said fraction representing the
desired probability of occurrence of a pulse
at the output of the gate circuit, and further
by converting the contents of the counter
into a numerical signal from which said
control voltage, which slowly fluctuates with 75
respect to the repetition frequency of the
generator, is derived by means of suitable
filters.

2. A generator as claimed in claim 1,
wherein the counter counts in normal binary 80
code, and is provided with a binary-
numerical converter which converts only
the most significant digits of the contents of
the counter to a numerical signal.

3. A gencrator for producing a quasi 85
random series of pulses which can have only
two values substantially as described with
reference to the accompanying drawing.

ELKINGTON and FIFE,
Chartered Patent Agents,
High Holborn House,
52/54 High Holborn,
London, W.C.1.
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Agents for the Applicants.
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I SHEET  qp5 drawing is a reproduction of
the Original on a reduced scale.
710
+ 3 -
7




	Bibliography
	Description
	Claims
	Drawings

