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PHASE FLUCTUATIONS IN A DOUBLE-LOOP PARAMETRIC
SUBHARMONIC OSCILLATOR
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Fluctuation characteristics of a system working in steady state are investigated.
These include smearing of the stationary phase, statistical displacement and widening
of the frequency line of the subharmonic caused by strong, slow-varying noise, and
phase jumps when the oscillator is working as an n-stable parametron,

1. The literature describes double-loop, parametric subharmonic oscillators of high
order (n>2) (see [1-5], listed in [1]) and lists their various applications, in particular as .
frequency dividers and n-stable parametrons. Because of these applications, a study of fluctua-
tion processes in such systems is required. In particular, (2, 3] investigated the probability
of establishment of a given phase of third order subharmonic as a function of pre-oscillatory con~
ditions, when the system is triggered by a small synchronous signal which acts simultaneously
with noise. However, the questions related to the effects of fluctuations on steady-state sub-
harmonic generation have not been investigated, even today. Here we should consider, first of
all, such parameters as the random frequency shift away from the exact value of subharmonic
frequency (I / n)mp, the widening of the spectral line caused by fluctuations (both are important

in frequency division), statistical characteristics of the phase "jitter'" (when the oscillator is
used as a phase transformer in precision measuring devices) and, finally, the average number
of phase discontinuities per unit of time which determines the reliability of an n-stable parametron-
2. Since for our purposes the most important parameter is the phase of the oscillation,
whose fluctuations are also mainly responsible for the displacement and the widening of the
spectral line, we shall only be interested in phase fluctuations. It is possible to show that under
the condition of '"weak'" autosynchronization (see [1]) the equations for amplitude and phase are
1golutions" of each other. It is shown in [1] that the behavior of the phase ¥ of the subharmonic

may be described by an equation of the type
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where @ _ is the pump frequency (input frequency in division), #  is the internal autosynchroniz2”

tion band and ¢ is the internal detuning,
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when affected by noise, the phase eqllaiion' becom:es
t -
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where E (t) 18 assumed to be stationary gaussian noise with the spectrum
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Fig. 1. Graphs of spectral density S; (v)of the noise

{ which perturbs the system (a), and of spectral
density S(v)of the phase of subharmonic ¢ (b).

In principle, it is possible to compute the parameters of § (t) in terms of statistical param-
eters of real physical noise in the system. For our purposes, however, it is sufficient to point
out that in the absence of autosynchronization (00 =0) the noise with the spectrum given by Eq.

(2) causes the so-called spontaneous widening of the spectral frequency line of (¢), Ams on=
=2D (fast and small frequency drifts), and a technical widening of the line, Aw techn = V(n72)w0p

(slow and large frequency drifts), where Ao techn >Amspon’ It may then be assumed that these

quantities are known for the initial, "unperturbed" oscillation (i,e,, in the absence of

autosynchronization).

The technical widening of the line is caused mainly by fluctuations of the parameters of
the system and of the pump. Strictly speaking, these fluctuations are not additive noise, but
when the initial equations are linearized [1] and when their value is assumed to be small in
comparison to the parameters themselves, they can be represented as the additive power ¢ (t)
in Eq. (2). ‘

3. First we shall consider the linear case, i e., the "jitter" of the phase around
a stable, stationary value ¢ st = -(1/n) arc cos (-6 / 00) + 2k (n/n) in the presence of low noise,
Aw techn, spon/mp <00 - |8|. In this case, linearizing Eq. (1) in the vicinity of any stable
state, we obtain

/ o+ (9/79) = E(2), )

where Tty =1/nmp}'ﬂ~02 - 02 is the time required to establish the subharmonic phase [1].
From this we can obtain the spectrum of fluctuation of phase ¢— Sq(v) (Fig. 1b):

’ St(v)
So) = S (17 ®
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