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The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
me of any royalty thereon.

My present invention relates to noise gener-
ators, and more particularly to electronic devices
for producing the random electrical impulses,
known as ‘““hash” or “grass,” ususlly observed
upon the screens of oscilloscopes utilized as indi-
cating devices in aircraft detection systems, or
the like.

One of the objects of my present invention is
to simulate noise signals such as those resulting
from thermal agitation in circuit elements gen-
erally, shot effect in electron tubes, static, and
other similar electrical disturbances,

Another object is to control the frequency
range and the amplifude range of the compo-
nents represented in such noise signals.

A further object is to control the density of
the signals generated, in other words, the num-
ber of componenis per unit of time.

A still further object is to produce noise sig-
nals, having the controllable characteristics re-
ferred to above, which may be either single- or
double-sided, that is, rectified or balanced.

These, and other objects, which will become ob-
vious to those skilled in the art to which the
present invention relates as the detailed de-
scription thereof progresses, are attained herein
in the following manner:

A source of random noise, such as a high-gain
amplifier, is so designed as to have in its output,
component impulses only of such frequencies as
are desired to be present in the final signal. In-
stead of such a specially designed amplifier, a
conventional high-gain amplifier may be used
and the output thereof may be passed through
suitable filters to atfain the same result.

In either case, the random noise sighals thus
obtained are clipped so as to remove therefrom
any components having an amplitude less than
some pre-selected value, The result is a “thinned”
signal. This signal may be amplified as desired,
and the resulting signal is subjected to ampli-
tude distortion, for example, by passing the same
through a non-linear impedance, such as a Class
C-operated vacuum tube amplifier functioning
in the vicinity of the knee of the characteristic
transconductance curve thereof, such mode of
operation resulting in “volume expansion.”

If the final signal desired is one which is
single-sided, the output obtained as above may
be directly used, but if it is desired that the final
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obtained as above is inverted, and the inve: ted
signal is combined with the remaining portion
of the original signal in a mixer receptive of both
signals, 'The operation of this circuit obviously
depends upon the fact that the output of an in-
verter is not in an exactly 180° phase opposition
to the input thereto.

A modified method for obtaining a double-sided
final output is to separate the positive and nega-
tive components in the noise signals obtained
from the high-gain amplifier previously referred
to, “thin” each component as described above
in connection with the production of a single-
sided final signal, and then recombine the com-
ponents, for example, by the mixing method de-
scribed above in connection with the first form
of double-sided signal.

In the accompanying specification I shall de-
scribe, and in the annexed drawing show, several
illustrative embodiments of the noise generators
of the present invention. It is, however, to be
clearly understood that I do not wish to be
limited to the defails of such illustrative embodi-
ments inasmuch as changes therein may be made
without the exercise of invention and within the
true spirit and scope of the present invention as
expressed in the claims hereto sppended.

In said drawing, ¥igure 1 is a schematic dia-
gram of a random noise generator assembled in
accordance with the principles of the prescnt
invention;

Figure 2 Is a modified form of said noise gen-
erator: and

Pigure 3 is a further modification of the same.

Referring now more in detail to the present
inventicn, and with particular reference to the
form thereof shown in PFigure 1 of the drawing,
the numeral {10 generslly designates any pre-
ferred source of random noise, such as a high-
gain vacuum tube amplifier. Said amplifier may
be conventional in design and may, if desired,
include variable means for coutrolling the band
of frequencies in the output thereof: or, if pre-
ferred, said amplifier may be designed o pass a
wide bangd of frequencies and have associated
therewith a variable filter I{ for the same pur-
pose,

In either case, the output is fed to g choppel
or rectifier circuit, comprising, for example, a
diode vacuum tube {2, to the ca,thode of which
said output is applied through a coupling con-
denser (3 and resistor {4. The plate of said tube
is adjustably biased negatively with respect to

~the cathode thereof by means of a bias battery
signal be double-sided, a portion of the signal 55 15 and variable resistor 16, The bias is adjusted
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s0 as to require an input of predetermined ampli-
tude in order that the tube 12 conduct, thereby
giving control over the densﬂ;y of the output of
sald tube.

Said cutput is inverted and amplified by ap-
plying the same, through a condenser IT and
resistor {8, to the grid of a triode vacuum tube
19. Plate voltage for the tube {98 is applied
through a resistor 20, and the grid thereof is so
negatively biased with respect to the cathode by
means of a bias battery 2!, that said tube nor-
mally draws a substantial current

In order to control the apparent amplitude
range of the components of the final output, the
plate output of the tube 19 is fed, through a
coupling condenser 22 and variable grid resistor
23, to a “voiume expander’” or non-linear vac-
uum tube amplifier 24. Plate volvtage for said
amplifier is applied through a resistor 2%, and
the grid thereof is so negatively biased with re-
spect to the cathode by means of a blas battery
26, that said amphﬁer cpcrates in the vicinity
of the knee of its plate current grid voltage
curve. By means of this arrangement, the
oregter amplitude ccmzacnents of the input are
given greater amplification and therefore, by

suitably varying the bias, control is obtained over

the apparent amplltude range of the ﬁnel cut-—
put.

In operation, the initial noise, shown beneath
the source 18 thereof, is filtered to result in the
“thinned” cutput shown beneath the filter i1,
This output may be clipped, as shown beneath
the tube 12, inverted, as shown beneath the tube
{9, and non-uniformly emphﬁed as shown be-
neath the tube 24.

The final output may, if a single- sided noise
i desired, he used directly, for example, by in-
jecting the same into g trainer for demonstrat-
ing the “grass” usually observed upon the indi-
cating oscilloscope of 5 pulse echo radio system
for aircraft detection.

If, however, double-sided or balanced “grass”
i3 de51red the output resulting from the use of
the circuit of Figure 1 may be fed to a circuit
such as that shown in Figure 2. In this figure,
there is shown a gain-oi-one inverter 27, which
is receptive of a portion of the plate cutput of
the tube 24 in PFigure 1. Said output is applied
to said inverter through a coupling cendenser 28
and grid resistor 29. Plate voltage 1s appllcd to
said inverter through resistor 38, and the grid
thereof is suitably biased with respect to the
cathode by means of a battery 3! in series with
o resistor 28. The plate ouitput of the inverter,
shown above the same, is fed, through & coll-
pling condenser 32 and control grid resistor 33
to a tetrode vacuum tube 34, ccnst1+utmg a,
mixer, Plate voltage to the tube 34 is cpphed
through a resistor 35, and the control grid there-
of is suitably biased by means of a battery 39.
The remaining portion of the plate output of the
tube 24 is applied directly to the screen grid of
the mixer tube 34 through a coupling ccndeneer
37 and grid resistor 88, the latter being properly
biased, by means of a battery 39, so that the
two inputs to said tube 34 are equally e,mphﬁed
The combined output of said tube, shown there—
“above, is a doukle-sided or balunced signal.

A modified circull for cbtemmg a double-~sided
signal is set forth in Plgure - As there shown,
the cutput from the high-gain amplifier alcpe
or the mgh-gam cmplmer plus a Sl.llt‘Lble ﬁlter
is treated to seccrate tre positive and negatrve

ccmpenents and aftel ma,n,..pule, 1cn ef eech
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Iinverter-amplifier 48§,
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component in accordance with methods above
described, they are recombined. For this pur-
pose, the original signal is fed both to a chop-
per 40 and an inverter 41, the latiter being biased
to cutoil. The chopper passes the negative con-
tent of said original signal to an inverter-ampli-
fier 42, similar t0 the inverter-amplifier 19; the
positive output of the amplifier 42 is applied to
a Class C amplifier 43, similar {o the amplifier
24; and the negative output of the amplifier 43
is inverfed in an inver ter stage 44.

- The positive content of the original signal,
after inversion in the inverter stage 41, is passed,
successively, through an additional chopper 49,
anng Class C amplifier 47.

The plate outvuts of the inverter £4 and the
amplifier 47 are combined so as Lo obtain, as
shown at the right of the inverter 44, a double-
sided final signal.

"'This completes the description of the afore-
sald illustrative embcdlmeuts of the noise gen-
erator of the present invention, including the
modes of operation thereof. It will be noted from
all of the foregoing that I have provided a noise
generator by means ¢of which I am able to pro-
duce a single~ or double- .sided signal having con-
trollable chur&ctemstzcs for example, the fre-
guency of the components of said signal, the den-
sity of said signal, and the apparent amplitude -
range of the components thereof.

Other objects and advantages of the devices
of the present invention will readily occur to
those skllled in the art to which the same relaves.
- I claim: o

1. Means for generating random noise mgnals
and controlling the fr equency, densﬂzy ahd am-
plrtude range of the components thereof includ-
ing, means for producing elecirical dis turbances
which lie within a selected frequency band, elec-
trical means receptlve of said selected frequency
compcnents and cdapted to pass slch cf said
components as exceed a predetermined ampll—
tude level, a nonlinear impedance network re-
ceptive of the output of said first mentioned net-
work for nonuniformly expanding said output,
means for inverting a portion of the eutput of
sald ncnlmeer impedance uetwc... K, und 2 mixer
for ccmblmng the remaining pcrucn of the out-
put of said nonlinear 1fnpede,nce network with

said inverted portion ther ecf tc cbtem & dcuble-—
sided final output.

2. Means for generating random noise signals

and ccntrerlmg the frequency, denalty, and am-
plitude range of the ccmpurrents thereor includ-
ing, means for prcducme' electrical dlstm ba,nces
which lie within a selected frequeﬂcy band, a
rectifier receptive of said -selected fr equency
compcuents and biased to pass only such of said
components as exceed 3 predetermmed amph-:
tude level, a nonlinear unpedancc netwcrlr Ire-
ceptive of the cutput of said recuﬁ_er for non-
umfcrmly expanc.me said output, means for in-
verting a portion of the c-utput of salq nc»nlmear
1mpeda,nce network, and a mixer for ccmbmmg
the remaining perblcn of the eutput of said non-
linear lmpede,nce network with said inver ted
portion uhereof tc ebtaln a dcuble-qr;ded ﬁnal
cutput |

3. Means for generating random noise s1gne,ls

and ccntrclhng the frequency, den31ty, and am-

- plitude range of the components thereof includ-

ing, means for producing electrical disturbances
which lie within & f-:elected frequency band, elec-

trical means receptzve of said selected frequency
compcnents and adapted to pass such of sald
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components as exceed a predetermined ampli-
tude level, an electronic “volume expander” re-
ceptive of the output of said impedance network
for nonuniformly expanding said output, means
for inverting a portion of the output of said elec-
tronic “volume expander,” and a mixer for com -
bining the remaining portion of the output of
sald electronic “volume expander” with said in-
verted portion thereof to obtain a double-sided
final output. |

4. Means for generating random noise signals
and controlling the frequency, density, and am-
plitude range of the components thereof includ-
ing, means for producing electrical disturbances
which lie within a selected frequency band, a
diode vacuum tube connected in series with said
filter and biased to pass only such components of
the output of said filter as exceed a predeter-
mined amplitude level, a nonlinear impedance
network receptive of the output of said diode
vacuum tube for nonuniformly expanding said
output, means for inverting a portion of the out-
put of said nonlinear impedance network, and a
mixer for combining the remaining portion of
the output of said nonlinear impedance network
with said inverted portion thereof to obtsin a
double-sided final output.

9. Means for generating random noise sighals
and controlling the frequency, density, and am-
plitude range of the components therecf includ-
ing, means for producing electrical disturbances
which lie within a selected frequency band, a
diode vacuum tube connected in series with said
filter and biased to pass only such components
of the output of said filter as exceed 3 predeter-
mined amplitude level, a class C-operated vac-
uum tube amplifier receptive of the output of
sald diode vacuum tube for nonuniformly ex-
pbanding sald output, means for inverting a por-
tilon of the output of said class C-operated vac-
uum tube amplifier, and a mixer for combining
the remaining portion of the output of said class
C-operated vacuum tube amplifier with said in-
veried portion thercof to obtain a double-sided
final output,

6. Means for generating random noise sighals
and controlling the frequency, density, and am-
plitude range of the components thereof includ-
Ing, means for producing electrical disturbances
which lie within a selected frequency band,
means for separating the positive and negative
portions of said selected frequency components,
elecirical means receptive of the positive and
negative portions of said selected frequency com-
ponents and adapted to pass such of said com-
ponents as exceed a predetermined amplitude
level, nonlinear impedance networks receptive
of the outputs of said first mentioned networks
for nonuniformly expanding said outputs, means
for inverting the ouiput of one of said nonlinear
impedance networks, and means for combining
the output of the remaining nonlinear imped-
ance network with said inverted output.

7. Means for generating random noise signals
and controlling the frequency, density, and am-
plitude range of the components thereof includ-
ing, means for producing electrical disturbances
which lie within a sgelected frequency band, rec-
tifiers receptive of the positive and negative por-
tions of said selected frequency components and
biased to pass only such of said components as
exceed a predetermined amplitude level, non-
linear impedance networks receptive of the out-
puts of said rectifiers for nonuniformiy expand-

g said outputs, means for inverting the output
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of one of said nonlinear impedance networks,
and means for combining the output of the re-
maining nonlinear impedance network with said
Inverted output.

8. Means for generating random noise signals
and controlling the frequency, density, and am-
plitude range of the components thereof includ-
ing, means for producing electrica] disturbances
which lie within a selected frequency band,
means for separating the positive and negative
portions of said selected frequency components,
electrical means receptive of the positive and
negative portions of said selected frequency com-
ponents and adapted to pass such of said com-
ponents as exceed a predetermined amplitude
level, electronic “volume expanders” receptive of
the outputs of said first mentioned networks for
nonunitormly expanding said outputs, means for
Inverting the output of one of said electronic
“volume expanders,” and means for combining
the output of the remaining “volume expander”
with said inverted output.

9. Means for generating random noise signals
and controlling the frequency, density, and am-
plitude range of the components thereof inciud-
ng, means for producing electrical disturbances
which lie within a selected frequency band, diode
vacuum tubes receptive of the positive and nega,-
tive portions of said selected frequency compo-
nenis and biased to pass only such of said com-
ponents as exceed a predetermined amiplitude
level, nonlinear impedance networks receptive
of the oufputs of said diode vacuum tubes for
nonuniformly expanding said outputs, means for
mverting the output of one of said nonlinear im-
pedance networks, and means for combining the
output of the remaining nonlinear impedance
network with said inverted output.

10. Means for generating random noise signals
and controlling the frequency, density, and am-
plitude range of the components thereof includ-
ing, means for producing electrica] disturbances
which lie within a selected frequency band, diode
vacuum tubes receptive of the positive and hega-~

4d tive portions of said selected frequency compo-
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nents and biased to pass only such of said com-
ponents as exceed a predetermined amplitude
lever, class C-operated vacuum tube amplifiers
receptive of the outputs of said diode vacuum
tubes for nonuniformly expanding said outputs,
means ior inverting the output of one of said
amplifiers, and means for combining the outpus
of the remaining amplifier with said inverted
output.

11. Means for generating random noise signals
and controlling the frequency, density, and
amplitude range of the components thereof in-
cluding, a source of electrical disturbanceg such
as those caused by thermal agltation, shot effect,
etc., a band-pass filter receptive of said electrical
disturbances for passing only such components
thereof as fall within s frequency band, g non-
linear impedance network including a rectifier
receptive of said selected frequency components
and biased to pass only such of said components
as exceed a predetermined amplitude level, and
a nonlinear impedance network receptive of the
output of said first mentioned network for non-
uniformly expanding said output.

12. Means for generating random noise signals
and controlling the frequency, density, and
amplifude range of the components thereof in-
cluding, a source of electrical disturbances such

75 as those caused by thermal agitation, shot effect,
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etc., a band-pass filter receptive of said electri-

cal disturbances for passing only such of the com-

ponents thereof as fall within a selected ire-
quency band, a rectifier receptive of said selected
frequency components and biased to pass only
such. of said components as exceed a prede-
termined amplitude level, and a non-linear im-
pvedance network receptive of the output of said
rectifier for nonuniformly expanding said output.

13. Means for generating random noise signals
and controlling the frequency, density, and ani-
plitude range of the components thereof includ-
ing, a source of electrical disturbances such as

those caused by thermal agitation, shot effect,
ete., a band-pass filter perceptive of said electrical 1

disturbances for passing only such components
thereof as fall within a selected frequency band,

a nonlinear impedance network including a rec-

tifier receptive of said selected frequency com-

ponents and biased to pass only such of said

components as exceed a predetermined ampli-
tude level, and an electronic “volume expander’
receptive of the output of said impedance net-
work for nonuniformly expanding said output.

14. Means for generating random noise signals 5

and controlling the frequency, density, and am-
plitude range of the components thereof includ-
ing a source of electrical disturbances such as
those caused by thermal agitation, shot elfect,

ete., a band-pass filter receptive of said electrical .

disturbances for passing only such of the com-
ponents thereof as fall within a selected fre-
aquency band, a dicde vacuum tube connected in

8

series with said filter and biased to pass only
such components of the output of said filter as
exceed a predetermined amplitude level, and a
nonlinear impedance network receptive of the
output of said diode vacuum tube for nonuni-
formly expanding said output.

15. Means for generating random noise signals
and controlling the frequency, density, and
amplitude range of the components thereof in-
cluding, a source of electrical disturbances such
as those caused by thermal agitation, shot effect,
etc., a band-pass filter receptive of sald elec-
tI'lC&l disturbances for passing only such of the
components thereof as fall within a selected
frequency band, a diode vacuum tube connected
in series with said filter and biased to pass only
such components of the output of said filter as
exceed a predetermined amplitude level, and a
class C-operated vacuum tube amplifier recep-

. tive of the output of said diode vacuum tube for

nonumformly expanding said output.
ROBERT H. BROWN.
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