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The phenomenon of automodulation can be observed in the course of internal friction studies 
of nonlinear anelastic solids. It is particularly pronounced in the vicinity of stress-lnduced 
phase transformations [1,2], but has also been observed to occur in zinc [3,4]. In this letter, 
we will report on the automodulation of the amplitude in zinc and show how the experimental ob- 
servations relate qualitatively to the theory of nonlinear anelastlclty [2,5]. 

Consider twinning, the idealized stress-straln curve 
of which is presented in Fig. i. The figure shows the 
elastic stress-straln relationship at very small, slow 

~ deformations. Twinning is represented by the spontaneous 
i 

T strain (e"-e') which develops at a characteristic stress 

i O'. Upon reducing the stress, the twins deform elasti- 
b cally until they disappear at the stress O", provided the 

twins are so small that the accotmmodatlon stresses around 
them are predominantly elastic. Note that this stress- 
strain curve resembles closely the ones observed when 
stress inducing martensite [6], which may be considered 
twinning of a more general sort. The authors have shown 
[7] how the stress-strain curve shown in Fig. 1 is read- 
ily interpreted in terms of the nonlinear anelastlc 
solid. 

Consider next, oscillations of a solid known to de- 
form by twinning. At amplitudes smaller than e', oscil- 
lations will be purely sinusoidal and the resonance curve 

will have its well-known symmetrical shape [8]. At amplitudes larger than e', the resonance 
will no longer be symmetrical, it will be skewed toward lower frequencies because the deforma- 
tion becomes "easier" as more twins are nucleated. This is shown in Fig. 2 (see next page) 
for the case of zinc. The graph represents a copy of the data taken by an x-y reco{der. The 
apparatus used for the measurements has already been described [2]. It should be noted in 
Fig. 2 that the deformation is finite but small~ so that it may be expected that twinning oc- 
curs reversibly. This expectation is supported by the reproducibility of the data. 

Skewed resonance curves observed in nonlinear anelastic solids may be considered to repre- 
sent a modification of the resonance characteristics of linear anelastlc solids. The former 

i i i E' E" ~+' 

FIG. 1 
C o n c e p t u a l  s t r e s s - s t r a i n  c u r v e  
when twinning occurs. 
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FIG. 2 
Resonance curve of a zinc single crystal 
reed taken at room temperature. 

solids may, however, display another phenome- 
non which cannot occur in the latter. This is 
the phenomenon of autooscillations which may 
semiquantitatlvely be understood as follows. 
As twinning co~aences at the stress 0', the 
solid deforms spontaneously by an amount 
(£"-e')AV/V where AV/V is the volume fraction 
of twins. In the course of an oscillation, 
this extra strain is induced every cycle when 
the amplitude of the externally applied peri- 
odic stress o is larger than 0'. The extra 
strain is induced with a time lag character- 
ized by a relaxation time T, i.e., it is 
nonlinear anelastic in nature. The oscilla- 
tion of a sample made of such a nonlinear 
anelastic solid has already been analyzed 
using the Bogollubov-Mitropolski method [9]. 
The main result of this analysis is that the 
amplitude a and the phase ~ of the oscillation 
become slowly time dependent when o > 

e(t) = a(t) cos[2~t + ~(t)]. (i) 

Considering the fact that close to resonance 
the sample acts as a filter sorting out the 
predominant term [i0], the oscillations are 
given by: 

e(t) = a{l + Aa/a sin[2z(v0-9)t]}sin(2~v). (2) 

It may therefore be said that two kinds of oscillations exist in the twinning nonlinear anelas- 
tic solid. One is the ordinary or heterophase oscillation impressed onto the solid by the 
external excitation frequency v. The other is the extraordinary oscillation, the amplitude of 
which is automodulated with the frequency v0-v. Here ~0 is the natural frequency of the sample 
which is determined by the combination of its geometry, amplitude of oscillation and relaxation 
time for the twinning process. 

The automodulation of a 99.995% pure single crystal zinc sample vibrating with the fre- 
quency ~z (see Fig. 2) at room temperature is shown in Fig. 3 (see next page). It can be seen 
that the automodulation is approximately slnusoldal. Its frequency is small in comparison 
to v, as must be expected on the basis of Eqn. 2. Fig. 4 (see next page) shows the frequency 
of the automodulation determined as a function of the frequency of excitation v. It can be 
seen from this figure that the experimentally determined modulation frequency Vm is propor- 
tional to the drive frequency v, hence also to the beat frequency v-v0 as V0 is approximately 
constant. By comparing Figs. 2 and 4, it can further be seen that the region of proportional- 
ity is restricted to frequencies larger than the resonance frequency. Qualitatively, this can 
be understood by observing that the resonance curve is unsymmetrical with respect to the 
resonance frequer~y. Therefore, the beat phenomenon must be unsymmetrical as well, as follows 
also from the more detailed analysis [2,9]. 

It was noted above that automodulatlons are expected only if the externally applied stress 
is sufficiently large. Thlswill translate into a threshold amplitude of oscillation below 
which automodulation will not occur. This amplitude, ao, is indicated in Fig. 4. 

Strictly speaking, the elgenfrequency depends on the amplitude and through it on the degree 
by which various twins contribute to the deformation process. For a full discussion of the 
phenomenon, the idealized stress-straln relationship shown in Fig. 1 should thus be replaced 
by an average curve featuring rounded corners. As a consequence, both the resonance frequency 
V0 and the threshold amplitude a o will be characteristic of the twin and stress distribution in 
the sample. The observation of a well-deflned threshold amplitude ao, suggests that this dis- 
tribution is not very wide. 

In this paper, both nonlinear resonance and automodulatlon data were described and quali- 
tatively interpreted using the concept of the nonlinear anelastlc solid. Both represent the 
interaction of the externally applied, periodic stress with the nonlinear phenomena occurring 
in the solid. Hence, the dynamics of this interaction and thus the process giving rise to 
the nonlinearity; i.e., twinning in the present case, can be studied by varying the natural 
frequency of the sample. Such studies are presently underway and will be reported on later. 
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FIG. 3 
The automodulatlon occurring when driving 
the zinc reed at the frequency v1 shown 
in Fig. 2 
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FIG. 4 
The experimentally observed automodu- 
lation frequency ~ m as a function of 
the drive frequency. 


	Autooscillations In Zinc
	Recommended Citation

	PII: 0036-9748(81)90306-9

