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Non-Gaussian 1f noise: Experimental optimization and separation
of high-order amplitude and phase correlations

G. T. Seidler and S. A. Solin
NEC Research Institute, 4 Independence Way, Princeton, New Jersey 08540
(Received 13 November 1995

The experimental optimization of the detection of non-Gaussian effects in resistance fluctuations was stud-
ied. Sensitivity-optimization criteria for the second spectrum, an important fourth-order statistical spectrum,
were calculated and confirmed by experiment. Also, two additional fourth-order statistical spectra were intro-
duced to separately and independently quantify the correlations in the amplitudes and in the phases of the
Fourier coefficients of a noise signal. For a carbon resistor exhibiting non-Gauss$iaroisé, the non-
Gaussian effects were predominantly due to high-order phase correlations.

I. INTRODUCTION [I. COMPARISON OF EXPERIMENTAL SCHEMATA

. - . The study of the high-order statistics of the voltage noise
The study of the high-order statistics of the voltage NOISE ¢ (sistors began with the conceptually important work of

of resistors has led to a number of important insights. Thes%ss and Clark. To ascertain whether or not the f1foise
include the equilibrium nature of fLhoise!? the hierarchical observed from éurrent-carrying resistbtés an equilibrium

dynamics of the metastable _states of metallic spin gIaQSse_seﬁect, they measured the power spectrum of the time-

the importance of the collective rearrangement of defects iRjependent variance of the Johnson noise. Their experiment is

the sliding state of charge-density wavemnd most recently, shown schematically in Fig. 1. The amplifiad(t) of the

the presence of a plastic flow regime for the vortex lattice inresistor is bandpass filtered, and then squared and averaged

clean superconductors. over an appropriate time constant by an analog squaring cir-
By definition, Gaussian noise is characterized as havinguit and integrator to give the time-dependent variance of

both a Gaussian distribution function and also the property/(t). This signal is read by an analog-to-digital converter

that all high-order statistics of Gaussian noise can be extADC), and finally the power spectrum of the variance is

pressed in terms of second-order statistics, i.e., simple twazalculated using a fast Fourier transfoffFFT). For a few

point correlation function8.Thus, Gaussian noise is fully resistors with large relative noise powers, they were able to

described by its histogram and power spectrum. When onebserve a ¥/ dependence in the power spectrum of the vari-

studies higher-order statistics of random signals, i.e., ordeance providing strong evidence thatf Iricise in current-

greater than two, the focus is to characterize and understarf@ITying resistors is due to intrinsic resistance fluctuations.

the non-Gaussian contributions to the fluctuations. A few years later, the commonly available computing
One of the important experimental measures of nonPOwer in condensed matter physics laboratories had ad-

Gaussian resistance noise is the “second spectrum” intro-

duced by Restlet al.” The second spectrum’s utility rests in V()

its sensitivity to weak correlations between noise-generating

fluctuators. This utility is naturally constrained by both the /WW\/

experiment’s overall sensitivity to non-Gaussian effects and ‘

also the level of detailed information which can be inferred

from the resulting second spectrum. The purpose of this pa- Bandpass

. ; . . filter (f_£,)

per is correspondingly twofold. First, calculations and ex-

periments are reported which aim at determining the experi-

mental conditions necessary for optimal sensitivity to weak

non-Gaussian effects in a noise signal. And second, two ad-

ditional high-order statistic spectra are introduced for the

study of non-Gaussian resistance fluctuations. Intimately re-

lated to the second spectrum, these two spectra separately

probe, respectively, the correlations in the amplitudes and in

the phases of the Fourier coefficients of the noise signal. As }

‘

—
-
-
—

a test case, a carbon resistor exhibiting non-Gaussian Py ariance ¥

1/f-noise was studied. Surprisingly, the overwhelming con-

tributor to non-Gaussianity was in the fourth-order phase

correlations, with no statistically significant non-Gaussian FIG. 1. The experimental configuration used by Voss and Clarke
signature in the amplitude correlations at the lowest frequendRef. 1) for measurement of the power spectrum of the variance of
cies probed by our experiments. the Johnson noise power of resist@sse text for description

f
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FIG. 2. The experimental configuration used by Restal.
(Ref. 7 for measurement of a fourth-order statistic spectrum of FIG. 3. A modification of the experimental configuration de-
1/f noise(see text for description picted in Fig. 2. The dat¥(t) is stored on the mass storage device
(MSD) and later digitally filtered to allow analysis &f(t) in any

. . . . bandpasgsee text for complete descriptipn
vanced considerably. To avoid the limitations imposed by

data collection in any one particular bandpass and to removgne scales using present-day workstations or the fastest of

any possible corruption of the noise signal by the analoghe present-day personal computers. The modified experi-
squaring circuit, Restlet al. introduced a somewhat differ- mental configuration is shown schematically in Fig. 3.

ent exper_imental configuration, which is depicted schemati- V(t) is once again discretely sampled by an ADC after
cally in Fig. 2. o o amplification and anti-alias filtering. These data are streamed
After appropriate amplification and anti-alias filtering, the (; 5 mass storage devi¢MSD). Upon the completion of
time traceV(t) is discretely sampled by an ADC and sequen-ga¢4 collection several analyses are carried out. First, the data
tially broken intoN, contiguous segments &, points. Let 46 gigitally bandpass filtered, then squared point-by-point,
fs denote the sampling rat&, =N, /s the time duration of  5nq finally the power spectrum of the time-dependent vari-
each data segment, afld=N,/f the total data collection ance of the noise signal is calculated. This computational
time. The power spectrum is calculated using a FFT, anthaih is the nearest digital equivalent of the experimental con-
the_n integrated over a chosen bandpass to define a Sequeifeiration of Fig. 1. Once again, the second spectrum ob-
of integrated noise powers>(). As a consequence of Parse- tained by this technique will differ slightly from those ob-
val's theorent, P; is approximately equal to the output of the tained by the previous two experiments only because of the
analog squaring and integration circuit element of Fig. 1 ovegetails of the roll-offs of their respective bandpass filters.
the same time window and with the integration time set t0  The second analysis path in Fig. 3 is less conventional,
T,. Small differences in the two quantities are caused byyyt qualitatively similar to methods used in electron micros-
differences in the roll-off of the analog bandpass in Fig. lcopy studies of amorphous materifidiere, after applying a
and the effective roll-off imposed on filtering in Fourier FET to the data, a bandpass is imposed and the phases of the
space because of frequency bin smearing. Finally, the powgemaining nonzero Fourier coefficients are randomized. The
spectrum ofP; is calculated; this quantity has been intu- resylting amplitude-sensitive second spectrum is denoted by
itively named the second spectrdmyhich is denoted here q2a)
by S The final analysis quantifies the fourth-order phase corre-
One motivating factor of the current paper is that the seciations in the original signal. After taking the FFT of the
ond spectrum contains information from both the fourth-gata, a bandpass filter is again imposed but now the magni-

order amplitude correlations and also the fourth-order phasg,de of each nonzero Fourier coefficient is set to unity, while
correlations of the Fourier coefficients U{t). As the sepa-  |eaving the phase unchanged; that is,

ration of the amplitude-correlation and phase-correlation

contributors t0S® may lead to further insight into the A,=a,expi ¢,)— lexgidy). ()
mechanisms underlying the various examples of non-
Gaussian resistance fluctuatidns,” a third experimental After performing the inverse FFT, the result of this non-

configuration for the measurement of high order statistics ofinear filter is bandpass-limited white noise containing ex-
V(t) is reported here. The techniques introduced here ofteactly the phase correlations present in the original signal, but
require the FFT of data sets ofélpoints or more to extract with all amplitude-dependent information obviously re-
useful information at the lowest experimentally accessiblenoved. In image processing this is known as “whitening,”
frequencies; such analysis can be completed on convenieahd has been used to demonstrate the importance of phase
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correlations in the information content of two-dimensionalfrom sum-beats. Equatiofba) then simplifies after contract-
imagest' We denote the resulting phase-sensitive seconéhg two pairs of summations with thé functions and rela-
spectrum byS?>?#). Details on the implementation of each of beling the indices, giving
these analyses follows below.
bH—p bH—p
(2)\ _
Il. GAUSSIAN BACKGROUND CALCULATIONS (S >—8Tk;)L anbL (A pACAR L pAR) - (6)
The definitions of the second spectra introduced abov?f

. : : If the fluctuations inV(t) are Gaussian, then
will now be made rigorous, and several of their properties

will be calculated. Consider a bandpass bounded above and bu—p
below in frequency byfy and f, , respectively, and define s2 _—8T A A* AA*
by,=Tf, andb, =Tf_. We assume tha, >0. Following (Sp")caussian n:sz (An--pAnsp) (Anftn)

the general framework of Ref. 2, expansion of the bandpass Sb=P
limited V(t) in a Fourier series yields
Y ’ =73 (SIS, @

Th<
by n=bg_

V('f)=nZb {Anexp2mif t)+Afexp(—2m7ift)} (2)  The equation defines the so-called Gaussian background of
ot S, As pointed out by Beck and Spriiin the context of

so that non-Gaussian Johnson nois¢his background is a direct
consequence of the finite detection bandwidth of the mea-
by by
V=S S (A Ax mi(f — ot surement.
( )—m:bL n:bL{ mAn eXH 271 (T = fr)t] To determine the Gaussian backgroundsS®® and

sS4 rewrite Eq.(6) in polar coordinates,
+ A Aexd 27 (f,+f)t]+c.c}

by—p by—p

“ (2)y — i

=3, (Coenp2mif ) + Cpexp(—2mif 0} (3 (S7)=8T % 2 (BpinpaneXBlil(dicp
with _¢k)_(¢n+p_d’n)]}>- (8)

by by If the phase differences are uncorrelated then only those
_ terms withn=k will have nonzero expectation and contrib-
= + *

Co mZbL nzsz {AmAnp men T Anfn Opm-n ute to the sum. Therefore
+AxAn( Sp.n-m~ 9p.00m.n)}- 4 by—p by—p

2
(2a)\ _ * *x_ < (1) (1)
Individual Fourier coefficients 0¥?(t) consist of the super- (Sp >_8Tn:2bL {An+pAns pAnfn ) = Tnzsz (SnepSn)-
position of all beats of appropriately related frequencies 9
present in the bandpass limited sighgl); the first term in o ) ) )
Eq. (4) is the contribution from sum-beats, the last two termg!n the limit of Gaussian OISE, th'zs reduces to Eq; the
from difference-beats wittm=n and m<n, respectively. ~Gaussian backgrounds 6f) ands*¥ are identical.

The second spectrum is given by Returning to Eq.(8), it follows from the definition of
St24) that
S2=2TC,CE=2T2> > 2> 2 {AAG,« b P b P
P p=p j=b_ kK=b_ m=b,_ n=b, ! P+ <SE)2,</>)>:8T E 2 <exp[i[(¢k+p_ ¢k)
k=b_ n=b,
+AAL Skt A Ay i HARAR Spmin T
% . _(¢n+p_ ¢n)]}> (10)
+AmAn5p,mfn+AmAn 5p,n7m} (Sa) . o
As a consequence of the sums having the same bounds, it is
for p>0 and not difficult to show that
by 2 b
5 . H—P by—p
=4T ALA 5b
% (msz " m) (b (S7)=8T 3 3 (cod (i p= o)
B S
for p=0; henceforth we assume thpat-0. This is the key —( — o)) (11)
point where the assumption of Gaussian noise is to be made, $nsp= Sn)l):

or alternat!vel)_/, where the necessary chgracteristics for posp the limit of Gaussian noise, once again only terms with
sible contributions from non-Gaussian noise are to be exany— k have nonzero expectation, and thus

ined.
i isting li 2) .

Given that the existing literature off always demon (Sé2’¢)>eaussian: 8T(bH_bL_p):8T2(fH_fL_fp)-
strates non-Gaussian phenomenon only in the low beat- (12)
frequency limit®"° the present discussion is restricted to
f,<2f_ and hence ignores the terms in E&§a coming  The normalized second spectra are defined by
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s Pure 1f noise also allows a simple evaluation of the
sf)z—pr—, (138 Gaussian background. After replacing the pertinent sums by
<£ E S(1>> the corresponding integrals in E(.39 it really follows that
Tn=b|_ "
2 In[(fu—Tfo)(fL+T)/fufL]

2 Séza) <SE)2)>GaUSSian:E [ln'sz/fL)]pz ( 7)
S V=T 2 (13b
p H

=R

=1 and

and
2(fy— 1)
i (2) = L LA,

- Sp(z’a) Fl)lin0<sp >Gau53|an foL[ln(foL)]z. (18)
AT T (o9

Extremizing with respect td, at fixed fy yields a local
The normalized second spectra each have units of'HA ~ minimum in the lowf, Gaussian background when
similar normalization in the definition of the second spec-fn/fL~4.921. Hence

trum has been used in previous works employing the experi-

mental configuration of Fig. 2. 2(fy—1f,) |
As a consequence of the whitening imposed on the data in min(Iim(sg)) Gaussia}:f (I fO T
the definition ofS?%), it follows that p—0 HELLINCEITO I —a021
2(f—fL—1fp)
(2,¢) = L
<Sp ) Gaussiart (fu—T1.)2 (14 _ 3.f088. 19
H

for any broadband example &%), whether white, 1,
Lorentzian, or more complicated.

Using Eq.(7) and the above definitions, the Gaussian
backgrounds of the normalized second spectsifh can
now be calculated for several physically relevant example
of S, First, consider Johnson noise, which has

The common practice of taking octave-sized bandpagses
therefore suboptimal for detection of weak non-Gaussian sig-
atures inV(t). Also, one can see from E@19) that the
aussian background decreases with increakingBoth of
these features are verified by experiments described below in
(AAY)=2KORIT, (15) the current paper. Unfortunately,. the general case of a power
law noise power does not lend itself to a closed solution of
wherek is Boltzmann'’s constant] is the temperature, and the resulting integrals; instead the Gaussian backgrounds

T is the total measurement time. One obtains must be calculated numerically from Edg) and (13a.
2) Finally, for completeness, consider the case wBéh is
(2) _ (S5 _2(fu—fi—fp) Lorentzian with zero center frequency,
<Sp >Johnson_ by 2= _ 2 (16)
1 (fu—"fL)
=Sy ) «
n=b =

L <AnAn> (1+ n2/T2f07) ’ (20)

as should be expected from the above discussion of the

Gaussian background ef>?) because Eq5) is white.[In  wheref, is the knee frequency. Such a first spectrum occurs,
general, the Gaussian backgrounds@f ands?>?) are quite  for example, in the important case of a two-level system,
different, as is demonstrated bel¢wn the low , limit Eq. and also in experiments of the type of Voss and Clafke
(16) differs by a factor of two from that of Beck and Spréit. wheref, would be the rc frequency of the combined sample
comparison to experiment is presented below. resistance and circuit stray capacitance. Then

. 8T2a2f§f*fpdf/[(1+f2/f§){1+(f+fp)2/f§}]
<Sp ) Gaussiai™ [ J—fH df }2
o

(1+f%£2)

fL

fr—fp

[fol 1+ (f+f) %3
— n —
5 Lfp 1+ (f/fy)? f\

"1, [4+(f,/fo)?][arctartf, /fo)— arctartf /fo)]? ' 2Y)

+arctarif/fy) +arctan[ f +f)/f] }
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IV. EXPERIMENT

The resistances of the samples studied here fall within the
narrow range from 1 — 2@®. The same amplifier and filter
chain therefore could be and in fact was used for all mea- o
surements of the second spectra. Specifically, the first pre- o
@EI)

amplifier was a Stanford Research model 552 bipolar tran-
sistor amplifier. The boost amplifier was a Princeton Applied
Research model 113. A Stanford Research model 640 was
used as a low-pass filter for anti-aliasing and, in some cases,
for additional gain. The SR552 was verified to have a noise ‘ ,

figure of less than 3 dB for all samples reported here. In the 107! 10° 10! 102 10°
studies of 1f noise, the power supply was a series chain of f (Hz)

four 12.5 V Panasonic batteries with either a commercial

metal-film resistor or a Genrad 1433-G wirewound- FiG. 4. The second spectrust?) for Johnson noise from a 2.00

resistance decade box as the current limiting resistor. Meaohm resistor at room temperature for various bandpasses. The
surements of the first spectra were obtained either using staBampling frequency was 30 kHz, ait=8 Mpoints. From top to

dard dc techniques with the above apparatus, or by @ottom in the figure the bandpass limits arg (f,)=(4.5 kHz,
standard ac technigtfefor frequencies below 1 Hz. All data 4.875 kH2, (9 kHz, 9.75 kH2, (1.5 kHz, 3 kH3, (3 kHz, 7.5 kH3,
were collected at room temperatures in a temperature an@ kHz, 12 kH2. The solid lines are plots of E¢L6) for each of the
humidity controlled room, with the sample, the batteries, andspecified bandpasses.
the first two amplifiers in magnetically shielded, draft-free
environments. sampling rate of 30 kHz. The roll-off of the anti-aliasing
Effective 14-bit analog-to-digital conversion was obtainedfilter was set at 13 kHz. The three bandpasses are concentric
from a National Instruments MIO-16X general purpose pe-aboutf=7.2 kHz, i.e., €_,fy)=(7.05 kHz, 7.35 kHz open
ripheral board in a 66 MHz 80486 PC. Some real-time analycircles, (6.6 kHz, 7.8 kH2 open triangles(4.8 kHz, 9.6 kHx
sis of s ands® was performed by the data collection PC, filled circles. The dashed lines are the prediction of @)
but all computations presented here were performed on for the Gaussian backgrounds of the three bandpasses.
multi-R8000-processor workstation equipped with 1 Gbyte At the lowest frequencies depicted in the figure, i.e.,
of RAM; the large RAM was more than sufficient to allow where the signal-to-background ratio is large, the three spec-
the most computationally demanding FFT’s necessary for thera agree well. Further, the threshold frequency where devia-
present experiment8 Mpoints to be performed without the tions from the predicted Gaussian backgrounds occur sys-
use of virtual memory via disk swapping. Theal ft() and  tematically increase as the Gaussian background is lowered.
fourl() routines from Numerical RecipEswere used in our  As these bandpasses are concentric and fairly narrow, the
C-language analysis software. resultings® necessarily characterize the same non-Gaussian
effects® The choice of normalization fos® made in Eq.
(13) is verified to be valid for questions of detectability; i.e.,
V. RESULTS AND DISCUSSION a lower Gaussian background &% does in fact imply a

First s for the Johnson noise of a commercial 2.00™M°"® s'ensmvg)measurement.
kQ) metal-film resistor at room temperature was measured.,. In Fig. 7,57 s evaluatec_i af =100 Hz for a number of
The power spectrum was indeed found to be whitet dlffe_rent bandpasses all WIthH=12 kHz. Note the local
showr), and the noise figure of the preamplifier was less thaj'_'.”r"_mum a_tfH/f.LNS’ as pr_ed_|cted by Eq19). The dashed
0.5 dB. The second spectrum was also found to be white ein the.f|gure IS the prgd|ct|on O.f EqL7) for fp=_100 Hz.
low frequencies, as shown in Fig. 4 for various bandpasse he d_eV|.at|on IS _consistent with some  residual non-
The solid curves in the figure are graphs of Etf) with no  caussianity at these frequencies.
free parameters. The calculation is in excellent agreement

with the data. : . : : : :

Next, a simple experiment was performed which serves 2N 3
two roles. First, agreement with the calculations of the 0% 3
Gaussian background for flhoise was demonstrated. Sec- —~ L T 1
ond, it was proven that the chosen normalizatiorsfét is in —E 1010% . ]
fact a relevant choice for questions of detectability of weak ~ \
non-Gaussian effects. u 1 -, 3

The sample was a manually deposited carbon-composite 1012 \.\ E
resistor with dimensions-0.2 mm long X1.0 mm wide L ]
X 1 um thick andR=1.61 K2:'* copper leads were attached " , , , , , \
in a quasi-four-probe configuration with silver paint. The 10 1072 10° 10? 10*
power spectrum was found to scale roughly a1 from f (Hz)

10 mHz to 12 kHz as shown in Fig. 5. In Fig.$?) is shown
for three different bandpasses witk 47 ©A and the data set FIG. 5. The normalized first spectrug® corrected for Johnson
consisting ofN=8 Mpoints continuous measurements at anoise for the homemade carbon resistor described in the text.
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FIG. 6. 5@ for the homemade carbon composite resistor de- FIG. 8. The open circles a®? evaluated af =100 Hz for the
scribed in the text at room temperture witk-47 uA and N=8 same data set as was studied in Fig. 5 vijifif, =5 for all band-

Mpoints. s®® is shown for three progressively wider bandpassespasses. The dashed line is the prediction of @) with f,=100
each concentric abotit=7.2 kHz. (f_,fy) = (7.05 kHz, 7.35 kH} Hz.

open circles(6.6 kHz, 7.8 kHz open triangles(4.8 kHz, 9.6 kHz
filled circles. The dashed lines are the prediction of @4) for the .
Gaussian backgrounds of the three bandpasses. Note the systemgf\’l@ussmn backgrounq fat2?), as per Eq(14). B avi .
improvement in detectability of non-Gaussian effects with increas- On€ subtlety special to the computauo_nséaﬁ exists: it
ing bandwidth. is necessary to use a simple square window on the initial

FFT of V(t). Smoother windows insert unacceptable levels

One can of course instead hofg,/f, constant while Of spurious phase correlations into the data. This technique
varying the bandpass limits. In Fig. §2) is again evaluated (With the square windoywas tested on an extensive variety
at 100 Hz for the same data set but now as a function off data with known absence or presence of fourth-order
f, with f,,/f_ held equal to 5. The dashed line is the pre-Phase correlations, including: real Johnson noise, Gaussian
diction of Eq.(17) with f,=100 Hz. As was the case with 1/f noise generated by power-law filtering of real Johnson
Fig. 7, the data shows a small systematic deviation from th&0ise, artificially generated Gaussian noise with a variety of
calculated background for perfectf Ioise. physically relevant noise-power spectra, and various artifi-

Despite the small differences between the experiment§ially generated non-Gaussian signals. In all tests no spuri-
and the calculations, it is clear that the Gaussian backgrourUS correlations were introduced when a simple square win-
has a local minimum as a function 6f/f, and decreases dow was used on the data FFT. However, the use of a square
monotonically with increasiny, . In those cases where non- Window has the drawback of frequency smearing In the
Gaussianity exists at high frequencies, it is the combinatio?OWer spectrum which decreases only as\f)¢, ™ which
of the latter property with the desire to prob® over the ~May severely limit the usefulness of this technique when
widest possible beat-frequency range that necessitates tR&'dying narrow-band noise signals.
use of large data sets. Returning to Fig. 9, note the similarity between the be-

Finally, the family of second spectra for the sample andhaviors ofs®® ands@). Furthermore, note the absence of
data set analyzed in the preceding four figures is presented fatistically significant non-Gaussian behaviorsi#®. The
Fig. 9. The solid curve is the predicted Gaussian background
for s (and also fors?®) from Eq.(17) assuming a perfect

1/f power spectrum. The dashed line in the figure shows the e '+ ' ' ' S
110°~ : = é
.l cof -
1 (]
g :5 % ié %@
: o .3 L4 LZEN
:%\ 4 \ o g 107 Q,QALA E
510%F % ] g s
= \ o _.e" A __%__ﬁéf_ o500t Ree ittt taked
T \Q~ O o O O_-"——_ 10—4 TT il 1 1 L
Q.o 0. 0. Cuann
> 107 10t 100 10t 10°
o f (Hz)
0 1
1 ¢ /flO FIG. 9. The second spectra for the carbon resistor studied in the
H'L preceding figures for the bandpa®s34 kHz, 11.7 kHz The open

triangles ares®®, the filled circles ares*#), and the open circles
FIG. 7. The open circles as*? evaluated af =100 Hz for the  ares®®. The solid line is the prediction of E§17) for the Gauss-
same data set as was studied in Fig. 5 with=12 kHz for all  ian background 0§ ands®® for perfect 1f noise in the chosen
bandpasses. The dashed line is the prediction of (E@. with bandpass. Similarly, the dashed line is the prediction of(E4).for
f,=100 Hz. the Gaussian background ).
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importance of phase information has been recognized in thiated and verified by experiment. Also, borrowing nonlinear
analysis of scattering experimerifsin the reconstruction of filters which have been used with success in 2D image
two-dimensional (2D) pictures from their Fourier processing®!! two additional second spectra were intro-
coefficients;* and in the intelligibility of human speechTo  duced for the study of resistance fluctuations. Unlike the
the best of our knowledge, this is the first demonstration obriginal method of Restlet al,” the new spectra allow pre-
the predominance of phase information for non-Gaussiagise separation of the high-order correlations in the ampli-
1/f noise. Preliminary results of an ongoing study of 1/ tydes and in the phases of the Fourier coefficients of a noise
noise in GaAs/AlGa; _,As superla_lttice’é also demonstrate  gjgnal. Non-Gaussian flinoise from a carbon resistor dis-
statistically significant non-Gaussian behavior only as a cong|ayeq statistically significant non-Gaussian fluctuations only
sequence of fourth-order phase correlations. A more comsq 5 consequence of high-order phase correlations.
plete discussion of this phenomenon, including extensive
computer simulations of typical physical fluctuators, is in
progress and will be reported elsewhéfe.
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