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[57] ABSTRACT 
A wide band, stable, random noise source with a high 

and well-defined output power spectral density is pro-
vided which may be used for accurate calibration of 
Johnson Noise Power Thermometers (JNPT) and other 
applications requiring a stable, wide band, well-defined 
noise power spectral density. The noise source is based 
on the fact that the open-circuit thermal noise voltage 
of a feedback resistor, connecting the output to the 
input of a special inverting amplifier, is available at the 
amplifier output from an equivalent low output impe-
dance caused by the feedback mechanism. The noise 
power spectral density level at the noise source output 
is equivalent to the density of the open-circuit thermal 
noise or a 100 ohm resistor at a temperature of approxi-
mately 64,000 Kelvins. The noise source has an output 
power spectral density that is flat to within 0.1% 
(0.0043 db) in the frequency range of from 1 KHz to 100 
KHz which brackets typical passbands of the signal-
processing channels of JNPT's. Two embodiments, one 
of higher accuracy that is suitable for use as a standards 
instrument and another that is particularly adapted for 
ambient temperature operation, are illustrated in this 
application. 

7 Claims, 3 Drawing Figures 
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i 4,175,258 
mean-squared thermal noise voltage can be computed 

HIGH LEVEL WHITE NOISE GENERATOR from the Nyquist formula, 

This invention was made during the course of, or E„-=4kTRt±f 
under, a contract with the U.S. Department of Energy. 5 

B A N - P D N N M N A C T H E I W C W T T O V W H E R E E " 2 i s t h e r o o t mean-squared (RMS) thermal BACKGROUND OF THE INVENTION n o i s e v o l t a g C i k i s t h e B o l t z m a n n c o n s t a nt , T is the 
This invention relates generally to white noise gener- absolute temperature in Kelvins, R is the resistance in 

ators and more particularly to a white noise generator ohms, and Af is the noise bandwidth in hertz. This equa-
which takes advantage of the thermal noise voltage of a 10 tion is applicable up to very high frequencies (several 
resistor connected in a feedback arrangement with a GHz). 
special inverting amplifier to provide a wideband, sta- Since the use of a resistor as a high-level noise source 
ble, random, white noise source with a high level and requires a high value for R, an attempt to obtain the 
well-defined output power spectral density. open-circuit noise voltage can result in severe loading 

White noise has been defined as random noise having 15 with the usual consequence of strong attenuation (per-
constant energy per unit bandwidth that is independent haps by stray and amplifier input capacitances) of the 
of the central frequency of the band. The oldest and high-frequency noise voltage of the resistor. This in 
probably best known source of high-level white noise is turn results in noise output levels that are generally too 
the emission-limited vacuum diode. A low noise ampli- i o w to be of any practical value in measurements, such 
fier is most often used to boost the diodes noise output 20 as gain, gain-bandwidth constants, etc., that are ex-
to a higher level but the frequency response is usually pected of the noise generator. 
degraded in the process. While this might be overcome, I f s o m e D c c u r r ent is flowing through the resistor, 
the major problem with the emission-limited diode is there is a possibility of an additional noise source, 
that it is an active device whose characteristics are known as shot noise, that is due primarily to the way the 
likely to change with time. The cathode, for example, is 25 r e s i s t o r i s m a d e M e t a l film r e s i s t o r s h a v e practically no 
subject to aging effects. Although the theoretical equa- s h o t n o i s e e v e n w i t h a s m a l l D c c u r r e n t flow T h u s i n 
tions for predicting noise output are well-established, o r d e r t o u s e a r e s i s t o r a s a n o i s e s o u r c e i t w o u l d b e o f 
noise generators based on the emission-limited diode are p r i m a r y i m p o r t a n c e t o a r r a n g e a h i g h q u a l i t y m e t a l film 

not m common use today. resistor in a circuit having practically no DC current 
A gas tube, as a noise source has one important ad- 30 flow t h r Q h t h e r e s i s t o r 

vantage over the emission-limited diode in that it has a 
very large noise output without the requirements of SUMMARY OF THE INVENTION 
substantial amplification It is also operable up to very A c c o r d i n g l y ) a h i g h p o w e r l e v e l > w i d e b and , stable, 
high frequencies On the other hand it is subject to r a n d o m n o i s e s o u r c e b a s e d a r e s i s t Q r a s n o i s e 
aging caused by the fairly high current carried by the 35 .. . , , r , . 6 . J . * , . . .. „ ' ., generating source is provided wherein a thermal noise 
tube; also the equations do not exist that permit the ° r .. . , , • , .. 
tube's performance to be predicted to be better than 6 e n e r a t ' n * Redback network mcluding a resistor is 
about ±10%. As a result, gas tubes are generally used c o n n ^ c t e d b e t ,w

r
e e n t h e I nP u t a " d of a special • • „„„„„»„„, . • „ ,„„;„„ •„ „„„„„ inverting amplifier to provide a high level white noise in noise generators having accuracies in the range ot ° ,, , ,, - , , 

from 1 to 5% 40 Senerator. ' h e thermal noise voltage of the feedback 
A zener diode is basically the solid-state realization of ^ twork is used as the signal input to the amplifier. If 

the gas tube. Like the gas tube, its output noise level is t h e amplifier is designed to have a very low noise and 
adequately high but it carries a high current, is subject s m a " mput capacitance, a white noise spectral density 
to change with age, and the noise equations, likewise, c a n b e obtained at the system output uniform from zero 
are not well-established. Therefore, its performance is 45 t o s e v e r a l megahertz and substantially equal in magni-
also not very predictable. tude to the spectral density of the open-circuit noise 

A fourth class of devices are the random noise gener- voltage of the feedback network resistor. Furthermore, 
ators that utilize digital output signals. These devices , f t h e system loop transmission is high, the system out-
are not fully digital but are based on gas tubes, etc., and Pu t impedance will be low enough to allow loading 
the circuits have much the same limitations as the noise 50 w i t h negligible influence on the output noise spectral 
sources they incorporate. density. 

There has long been a need in the instrumentation Successful implementation of the basic concept of the 
field, especially in the calibration of signal processing noise source is realized in an amplifier in which (I) the 
systems including nuclear pulse instruments, opera- input bias current is extremely low to both minimize the 
tional and other amplifiers, reactor noise spectrum ana- 55 inherent shot noise associated with the current, and the 
lyzers, Johnson Noise Power Thermometers, etc., for a excess (above thermal) noise that may be generated due 
highly predictable white noise source that overcomes to a small direct current flow in the feedback resistor, 
the limitations of existing generators. A simple resistor (2) The amplifier noise is low enough to allow the noise 
having negligible DC current flow is probably the most voltage of the feedback resistor to be sufficiently domi-
predictable noise source known. Such a resistor exhibits 60 nant in the system output. (3) The system loop transmis-
pure thermal noise that is well characterized by thermo- sion is high enough so that amplifier parameter changes 
dynamic principals, and is predictable to very high will have negligible effects on the noise output. (4) The 
accuracy up to frequencies of 20 gigahertz or more. The pole-zero constellation of the system is adjusted for 
open-circuit noise voltage of a resistor has been well maximum flatness for the output noise spectral density, 
defined mathematically. The mean-squared value of the 65 These considerations lead to the selection of a low noise 
open-circuit thermal noise voltage of a resistor of junction field-effect transistor (JFET) as the amplifier, 
known ohmic value and known temperature can be input device. The output of the JFET is connected 
calculated if the resistor is conducting no current. The through a common-base double cascode amplifier and 
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an impedance converter to provide the output terminal 
of the noise generator. 
Two circuits are described wherein the first is charac-

terized by holding the feedback network resistor at 
constant temperature (constant T and constant R) and is 5 
suitable as a standards instrument; and in the second 
circuit the feedback network resistor is a synthesized 
network of resistors that compensate for changes in 
temperature (constant RT product) to provide an in-
strument suitable for field use over a limited range of 10 
ambient temperature. 
Thus, it is a primary object of this invention to pro-

vide a high level white noise generator which takes 
advantage of the thermal noise voltage generated in a 
resistor. 15 
Other objects and many of the attendant advantages 

of the present invention will be obvious to those skilled 
in the art from the following detailed description taken 
in conjunction with the drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 20 

FIG. 1 is a model for illustrating the basic principle of 
operation of a high-level noise generator according to 
the present invention. 
FIG. 2 is a circuit diagram for the constant T, con- 25 

stant R embodiment of the subject noise generator. 
FIG. 3 is a circuit diagram of the constant TR prod-

uct embodiment of the subject noise generator. 
DETAILED DESCRIPTION 3Q 

The manner in which the subject noise generator 
utilizes a noise generating resistor in the feedback net-
work of an inverting amplifier to produce a noise volt-
age generated by a high value of R, but coming from an 
apparent low impedance source, is illustrated in FIG. 1. 35 
Provided the forward-path amplifier 5, shown within 
dotted lines, is designed to have very low noise and a 
small input capacitance, a white noise spectrum will be 
obtained at the system output (E„0) extending up to 
several MHz and equal in spectral density to the spec- 40 
tral density of the open-circuit noise voltage of the 
thermal noise generating feedback network 7. The noise 
voltage is generated in the feedback resistor R/. Fur-
thermore, if the system loop transmission is high, the 
system output impedance will be sufficiently low to 45 
allow considerable loading of the output with negligible 
influence on the output noise amplitude. 
In FIG. 1, the thermal noise voltage of the feedback 

resistor R/is modeled by the noise voltage generator 
E/2 whose value is determined by the aforementioned 50 
Nyquist equation. The noise bandwidth (Af) may be 
determined by a signal processing device (not shown) 
connected at the circuit output. A positive-going noise 
pulse at the point P results in the noise output voltage 
Eno attempting to go negative to hold point P at zero 55 
volts because of the inverted feedback. As a result, the 
noise voltage of R/is forced to appear at the output, E„0. 
Therefore, R/can be a moderately large resistor in order 
to produce the desired high-level noise output. The 
effective output impedance is approximately the open 60 
loop output resistance divided by the open loop voltage 
gain (A,>) from point P to the output. By making the 
open loop voltage gain very high in the range of from 
lĈ to 10s V/V, the feedback resistor R/may be as large 
as 20K ohms, for example, and still result in a low out- 65 
put impedance, when the loop is closed, of less than 0.03 
ohms. R/may have values in the range of from 10K to 
50K ohms. 
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The basic objective of the amplifier 5 for the noise 
source is to make the value of E„02 within 0.1 % of the 
value of the thermal noise voltage E/2, the feedback 
resistor R/thermal noise voltage, over as wide a fre-
quency range as possible and also to make E/2 extremely 
stable (to better than 0.1%). To obtain this objective the 
noise resistance of the forward path of amplifier 5 must 
be kept extremely low. In an amplifier designed to ob-
tain a noise source of the above objective, the details of 
which will be presented hereinbelow, it has been found 
that the input device Q1 contributes the primary unde-
sirable forward path noise. The forward path noise is of 
two contributing factors. The series noise resistance 
modeled here by the series noise generator E,-2 (the root 
mean squared series noise-voltage spectral density) and 
the parallel noise current here modeled by the current 
generator I/2 (the equivalent parallel noise-current spec-
tral density). The series noise voltage is generated pri-
marily by the channel resistance of the input device Q1 
while the parallel noise current is due to the shot noise 
of the gate leakage from gate feedback noise current of 
device Ql. By carefully selecting the proper transistor 
arrangement Ql for the input to the amplifier these 
unwanted noise contributions may be held to less than 
0.05% of the root mean squared output noise voltage 
signal. It has been found that an n-channel junction field 
effect transistor (JFET) at a low drain-source bias volt-
age to minimize gate-channel avalanche noise and tem-
perature rise of the active chip which would cause an 
increase in the channel thermal noise will satisfy the 
above requirement. Specifically, the input device may 
be 3 parallel connected JFET's, such as the Texas In-
strument Model SFB8558. This input configuration 
along with other considerations of the remainder of the 
amplifier which will be explained hereinbelow will 
provide an amplifier which will satisfy the requirements 
of the subject noise voltage generator. 
A feedback capacitance C/is provided in the noise 

voltage generator 7 whose purpose is to flatten the 
output noise spectrum. This capacitance is very small in 
the order of a few picofarads and may be a variable 
capacitor in order to obtain maximal flatness of the 
output of the amplifier noise frequency bandwidth. This 
capacitor (Cy) is used in conjunction with the undesir-
able input capacitance modeled by C/ which is primarily 
the stray input capacitance of the input device Ql. 
Thus with the model as shown in FIG. 1, the only 

current flowing through the feedback network and the 
resistor R/from which the noise source voltage Eno is 
generated is the gate leakage current of the input device 
Ql. By selecting the Ql network as described above, 
this current can be held below a few picoamperes, 
which is so low that the shot noise generated in R/due 
to the DC current is negligible. 
Thus, by employing the amplifier 5 the output white 

noise signal in the frequency range of interest is essen-
tially determined by the feedback resistor R/. However, 
the Nyquist equation requires that the product T/R/be 
a constant for stabilization of the output noise, where 
T/is the temperature in degrees Kelvin of the feedback 
resistor R/. Disclosed below are two embodiments for 
implementing this requirement: (1) The feedback net-
work 7 is designed so that R/may be held at a constant 
temperature by enclosing the resistor R/in a housing 
which may be immersed in an ice bath, for example; (2) 
the feedback network 7 is designed so that the tempera-
ture resistance product is constant while allowing both 
T/and R/to change, but in compensating directions. 
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Implementation of the first embodiment is accom-

plished by immersing a high-quality metal film feedback 
resistor R/with a low-temperature coefficient in an ice 
bath. The result is accurate control of the R/T/product. 
However, this embodiment requires a temperature bath 5 
and physical separation of the feedback resistor from 
the amplifier. The physical separation usually intro-
duces some shielding problems and other electronic 
constraints due to an increase in stray circuit elements in 
the feedback network. Also, heat transfer from the 10 
amplifier to the feedback resistor tends to cause the 
resistor temperature to deviate from the bath tempera-
ture. This method of noise output stabilization has been 
implemented successfully and will be discussed further 
hereinbelow. 15 
The second embodiment is designed to have a tem-

perature coefficient that makes R/T/constant, even with 
the network exposed to the ambient temperature where 
changes in T/would be induced by changes in the ambi-
ent temperature. This network is realized by the use of 20 
two low-temperature coefficient metal film resistors 
and one negative temperature coefficient thermistor 
making up the feedback network 7. This embodiment is 
shown in FIG. 3. 
Referring now to FIG. 2, wherein the constant T/• 25 

constant R/ embodiment is shown, the feedback net-
work 7 consists of the feedback resistor R/and the paral-
lel capacitor C/which are held at a constant tempera-
ture such as being immersed in an ice bath. R/is a single 
high-quality metal film resistor, which is commercially 30 
available from Electra Manufacturing Company, Inde-
pendence, Kans., Model MF5C-E-F. This resistor has a 
low temperature coefficient and may be immersed, 
when properly protected, in the ice bath to hold both 
T/and R/at a constant value. This circuit has the advan- 35 
tage of accurate control of the TyR/product, but com-
plicates the noise source implementation by requiring 
the presence of the constant temperature bath and also 
some physical separation of the feedback resistor from 
the amplifier. The entire circuit of FIG. 2 may be con- 40 
structed on a breadboard and installed in a small brass 
cylinder with copper plates soldered on the top and 
bottom ends of the cylinder. Power and signal leads 
may be fed out through copper tubes soldered to the top 
end plate. The feedback resistor R/is mounted on the 45 
bottom plate and covered with a high thermal conduc-
tivity paste to enable good heat transfer between the 
resistor and bottom plate. By this construction the en-
tire cylinder may be immersed in the ice bath when the 
noise source output is being used for calibration pur- 50 
poses. The temperature of the feedback resistor may 
increase about 0.2 to 0.5 K. due to heat generated in the 
electronics. Vigorous stirring of the ice bath will hold 
the T/increase to less than 0.3 K. which causes a very 
small increase in the output noise power. 55 
As pointed out in FIG. 1 the feedback network is 

connected to the gate electrode of a high impedance 
input device Ql, which may be 3 JFET's connected in 
parallel in order to satisfy the necessary low noise re-
quirements. It will be understood that the input device 60 
Ql may be a single JFET or other device which will 
satisfy the necessary accuracy requirements for particu-
lar applications. The stray input capacitance is shown in 
phantom as C,. The source electrode of the JFET (Ql) 
is connected to ground. The drain electrode is con- 65 
nected through a biasing resistor 9 to the positive volt-
age source. Connected in this manner the input signal is 
inverted at the drain electrode. The drain of Ql is fur-

ther connected in an unusual, folded, double-cascode 
connection with transistors 11 and 13. The emitter of 
transistor 11 is connected to the drain electrode of Ql 
and the collector of transistor 11 is connected to the 
emitter of transistor 13 which is further connected 
through a biasing resistor 15 to the positive voltage 
source. The bases of transistors 11 and 13 are connected, 
respectively, to base voltage biasing circuits 17 and 19. 
The transistors 11 and 13 are preferably bipolar transis-
tor types 2N3571 and 2N4958, respectively, which can 
be operated at very high frequencies. Typical specifica-
tions for these transistors are the following: gain-band-
width product F, approximately 1 GHz, small-signal 
short-circuit current gain in the range of from 100 to 
150, and collector-base capacitance approximately 0.8 
pf. Thus, the total capacitance at the collector of transis-
tor 13 is approximately 3 pf which produces a high-fre-
quency 3-DB point of about 3.6 MHz. 
The unusual, folded, double-cascode connection of 

the transistors Ql, 11 and 13 has the advantage of allow-
ing operation of the Ql n-channel junction field-effect 
transistor at a low drain-source bias voltage (2 volts) to 
minimize gate-channel avalanche noise and temperature 
rise which would cause an increase in the channel ther-
mal noise generated in Ql. This folded double-cascode 
arrangement with a DC voltage of about 6 volts at the 
emitter of transistor 13, allows an output positive volt-
age excursion of about 4.6 volts which is more than 
adequate. An additional advantage of the folded dou-
ble-cascode is that the collector-base bias voltages for 
transistors 11 and 13 are higher than the voltages in an 
ordinary cascode arrangement, which increases the 
high-frequency performance of these transistors. The 
collector of transistor 13 is connected to the negative 
voltage supply through a gain control resistor 21. Fur-
ther the collector of transistor 13 is connected to the 
base of a bipolar transistor 23 which is connected in an 
emitter-follower configuration. Transistor 23 is selected 
to have a high input impedance to prevent loading the 
circuits gain control resistor 21. 
The forward path of the amplifier is designed to have 

a single dominant pole at the base of transistor 23. The 
total capacitance at the base of transistor 23 is about 3 
pf, as represented by phantom capacitance C</, which 
produces a high-frequency 3-DB point of about 3.6 
MHz. The high-frequency 3-DB points at the other 
internal circuit nodes are near that of the respective 
transistors and are therefore negligible compared to the 
3.6 MHz dominant forward-path 3-DB frequency. 
The output circuit consists of transistors 25 and 27 

and their associated biasing networks connected in a 
complementary emitter-follower configuration that 
allows the circuit to drive plus and minus noise output 
signals equally well. A resistor 29 is connected at a point 
31 between the emitter resistors of the output transistors 
25 and 27 for series connection with the output terminal 
of the circuit, the output terminal of the noise generator, 
to prevent parasitic oscillations when coupling the noise 
source to a load. The resistor can be a value which also 
matches the characteristic impedance of a transmission 
cable; therefore, typical resistor values would be in the 
range of from 50 to 125 ohms. The circuit feedback is 
taken also at the output transistor emitter intermediate 
connection point 31 which is connected to the feedback 
network 7. 
Since the open loop output impedance is quite low. 

(about 25 ohms), and the open-loop gain of the amplifier 
5 is about 4X104, closing the feedback path through the 
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network 7 lowers the output impedance into the milli-
ohm region. In order to achieve a noise spectrum that is 
essentially flat into the MHz region, high frequency 
transistors should be selected for the circuit and 
mounted on a thick copper sheet ground plane. Also, 5 
the values of Q/and C/should be carefully chosen so as 
to maintain a flat response over the entire noise band-
width of the noise generator. Also, all the resistors used 
in the circuit are preferably low temperature coefficient 
metal film resistors to minimize shot noise generation in io 
the amplifier circuit. 
The constant T/-constant Ry noise source of FIG. 2 

was evaluated using a voltage processing channel of a 
JNPT which was calibrated using a platinum resistor at 
the aluminum freeze point temperature (933.52 K.) as 15 
the noise source. The output noise of the generator of 
FIG. 2 was compared with the thermal noise generated 
by the platinum resistor of known ohmic value at the 
known aluminum freeze point temperature. Then noise 
voltage output was measured with a calibrated JNPT 2o 
channel. From this result R/could be determined. The 
measured value was 0.46% higher than the calculated 
value. Thus, the noise source calibration constants were 
adjusted by calibration against the aluminum freeze 
point temperature and resulted in calibration errors of 25 
less than 0.1%. 
Referring now to FIG. 3, wherein the amplifier 5 is 

identical to that of the circuit of FIG. 2 and is illustrated 
by like reference characters corresponding to FIG. 2, 
there is shown the constant T/R/product embodiment 
wherein the single feedback resistor R/(FIG. 2) is re-
placed by a synthesized network consisting of two low-
temperature coefficient metal film resistors Rs and R m in 
series, and one negative-temperature coefficient therm-
istor R( in parallel with Rm. This network connected in 35 
parallel with the capacitance C/identical to that of FIG. 
2 makes up the thermal noise voltage generating feed-
back network 7 of this embodiment. This embodiment 
may be used in the field for calibrating instruments and 
does not require the constant temperature bath as in the ^ 
network of FIG. 2 which may be used as a standards 
instrument. 
The resistors Rv and R,„ are low-temperature coeffici-

ent metal film resistors. Thus, since the temperature 
coefficient of the resistors R m and Rs are negligibly 
small and the temperature coefficient of R/ is negative, 
the product T/R/is constant and thus the output noise 
variation with temperature can be made negligibly 
small. The composite feedback resistance R/will have 
the correct temperature coefficient if the following 
relationship of the parameters of the network is satisfied 50 

R = 

" [ R ' R
F f ( d R , /

R
d T f ) ] ' ' 5 5 

In this equation it is assumed that the temperature coef-
ficients of R,„ and R.s are negligibly small. Since the 
temperature coefficient of R; is negative, the derivative 60 
dRr/dT/is negative. As a result, the radical is positive. 
It is necessary to choose the value of R/so that the 
radical is greater than unity to ensure that R,„ has a 
positive resistance value. 
The TyR/product of this embodiment was measured 65 

with a Johnson Noise Power Thermometer (JNPT) 
voltage processing channel. The voltage channel had 
been carefully calibrated using a 167-ohm platinum 
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resistor at the aluminum freeze point temperature 
(933.52 K.). Next, the resistance of the synthesized feed-
back resistor (R/) in FIG. 3 was measured at T/= 300 K 
with a 0.01% bridge. The entire R/network was im-
mersed in a mineral oil bath during the bridge measure-
ment to hold all the components at the temperature 
T/=300 K. The bridge measurement of R/was within 
0.02% of the value determined from the measurement 
with the calibrated JNPT voltage channel. 
The stability of the output noise voltage with ambient 

temperature variations was determined by measuring 
the output noise RMS voltage with the JNPT voltage 
channel. A total of 21 voltage measurements were taken 
over an ambient temperature range of 9° C. to 43° C. 
The standard deviation of the data points was 0.03% of 
the average value. The difference between the maxi-
mum and minimum voltage values was 0.08% of the 
average voltage. The result indicated that changes in 
the noise output level with small variations in ambient 
temperature (±15% C.) are negligibly small. Thus, the 
noise source of FIG. 3 may be useful for calibrations to 
less than 0.1 % without the use of the constant tempera-
ture bath. 
In the feedback network of FIG. 3 the resistance 

value Rsis typically 17.8K ohms, Rm=6.81K ohms and 
thermistor R;has a nominal value of approximately 10K 
ohms. This gives an overall synthesized R/equal to 
21.52K ohms at the temperature of 300 K. 
In the embodiment of FIG. 3 the components were 

mounted on a 5-millimeter-thick, copper ground plane 
that is 7.7 centimeters long and 4 centimeters wide. The 
metal cases of all the transistors were inserted into holes 
in the ground plane for maximum shielding. Connec-
tions between components were minimum length and 
all bias lines were fed through RF filters mounted in the 
ground plane. The entire circuit is enclosed in a steel 
box. The noise output was available from an insulated 
BNC connector to allow control of ground paths. 
Thus, it will be seen that a white noise voltage gener-

ator has been provided which satisfies the need for a 
precision random signal noise source in a wide range of 
measurement science applications. Among these appli-
cations are (1) calibration of systems for measuring 
random noise from devices, etc., (2) measurement of 
system noise bandwidths, (3) determination of transfer 
functions, and (4) studies of the effects of injected noise 
into various parts of a signal processing or control sys-
tem. 
Although the invention has been illustrated by means 

of the description of two embodiments, it will be obvi-
ous to those skilled in the art that various modifications 
and changes may be made in the circuits without de-
parting from the spirit and scope of the invention as set 
forth in the following claims attached to and forming a 
part of this specification. 
What is claimed is: 
1. A high-level, white noise generator, comprising: 
an inverting amplifier having an output from which 
said white noise signal is available; and 

a thermal noise voltage signal generating feedback 
network connected between the output and the 
input of said amplifier including a series resistor 
means (R/) for generating said thermal noise volt-
age signal in accordance with the following equa-
tion: 
Ej- = HKTjRjAf, 



wherein E„2 is the open circuit RMS thermal noise 
voltage, K is the Boltzmann constant, T/is the absolute 
temperature of the resistance (R/) in Kelvins, R/is the 
feedback resistance in ohms, and Af is the noise band-
width in hertz, said amplifier having an internal gener-
ated noise signal level substantially less than said ther-
mal noise voltage signal generated by said feedback 
network. 
2. The noise generator of claim 1 wherein said series 

resistance means is a metal-film resistor connected be-
tween the input and output of said amplifier. 
3. The noise generator of claim 3 wherein said feed-

back network for generating said thermal noise voltage 
signal further includes means for maintaining said series 
resistor at a constant temperature, thereby maintaining 
the product R/T/constant. 

4. The noise generator of claim 1 wherein said series 
resistance means of said feedback network includes a 
pair of thermal noise signal generating resistors con-
nected in series between the input and output of said 
amplifier and a negative temperature coefficient resis-
tance means connected in parallel with one of said resis-
tors for maintaining the R/T/ product constant for 
changes in ambient temperature. 
5. The noise generator of claim 1 wherein said invert-

ing amplifier includes an input circuit means including 
at least one junction field-effect transistor having gate, 

75,258 
10 

drain and source electrodes wherein said gate electrode 
is the input terminal of said amplifier said source elec-
trode is connected to ground potential and a positive 
voltage source is connected to said drain electrode so 

5 that the input impedance of said amplifier is sufficient to 
limit the feedback current flow through said feedback 
network to a value such that the noise signal level gen-
erated in said feedback current is substantially less than 
the thermal noise voltage signal level generated in said 

10 feedback network, an output circuit means having a 
voltage gain near unity, and a series connected pair of 
opposite polarity bipolar transistors connected between 
the drain electrode of said junction field-effect transis-

15 tor and said output circuit means in a folded, double-
cascode arrangement with said junction field effect 
transistor. 
6. The noise generator of claim 5 wherein said feed-

back network further includes a capacitor connected 
2o between the input and output of said amplifier having a 

selected capacitance for maintaining spectral flatness 
over the noise signal bandwidth of the output of said 
amplifier. 
7. The noise generator as set forth in claim 6 wherein 

25 said feedback network resistance R/is in the range of 
from 10K to 50K ohms for output impedance of said 
amplifier in the range of from 0.01 to 0.1 ohms. * * * * * 
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