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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Comment on "A Simple Model for the 1/f~Type Power Spectrum" by M. Agu
Richard F, Voss
Department of Physics, University of California, and

.~ Inorganic Materials Research Division,
 Lawrence Berkeley Laboratory, Begkeley, California 94720

ABSTRACT

- A Gaussian distribution of S, where l/DOS is a relaxation -

time, does not yield the 1/f spectrum, A

The conclusion of M. Agulthat a Gaussian diéfributi&n of S, where
T=1/DOSVis a relaxation time, yields:a 1/£f power spectfum is incorrect.
In'1950, A. van der Ziél2 showed that a distribution of relaxation
| times, T, proportional to 1/T gave the required 1/f spectrum.

| Briefly, a variable,vAS, which oﬁeys a Langevin equation of the.
form |

d . .
dtAS+DOSAS—_0,. S o ] (1)

has an autocorrelation function
<As(t).As(t+t')>=<(AA) 2>exp(~l t' I'DOS) , (2)

and a power spectrum
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<(AA)2>DOS/W ,

2 .

JIXEIESS

w2+D 282
o
vhere <(AA)2> is independent of S. For an ensemble of many such systems .
with different values of S-occurring with probability p(S), the enSemble

spectrum

2
<(A8) >D . pesysas

. 3 (4)
m u)2+'D0.252 |

r<lA(w)[>2=

The'inClusion of negative values of S is physically unreasonable in a

Langevin equation. For-P(S)=Nexp(~82/c):for S=0,

<|A(w)12>§-ﬂgéé§l_zexI exp(~t)dt/t - S &
. , o X o ' '

whefe x=w62/D020. In the limit of w0

S 2 N<(AA) >
<A | R
—_— 0

Do _ o
1025, - ®

which is not the 1/f spectrum.
If, instead of an -ensemble of systems of different S, one considers
a single system with an S that fluctuates - in time, one must solve the

more complicated equation,

) d | ' : B '
»EEA(t)+DoS(t)A(t)=O' | _ _(7)

Solutions to Eq. (7) are readily found only in two limits. If the

correlation time for fluctuations in S, Ty is much greater than the
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average relaxation time, 1/Do<S>’ S will be constant for the decay of'
any given fluctuation in A(t) and Eq. (4) appliés. If, on.the other
hand,fTS<l/Do<S>, the flué;uatidns in 'S are ave:aged over a single décaf
in A(t) and

<am Bp_s>/n

.12
<|ACw) | “>= .
wZFD02<S>2 .

(8)

The "explanation" ofAthe l/f sﬁectrum as the proéer’distribution of
time éonétants has been known'fof.some time. Although mathematically
correct, it has. not been of(gréat help in_developing phyéical theories
fqr.thevoccurrencé Qf 1/f noise. It is.as difficult to explain the

proper distribution of time constants - as the 1/f sﬁectrum itself,
Supported by the U.S.E.R.D.A.
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