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ABSTRACT 
The magnetomechanical properties of iron at low temperature are affected 

by a large anomalous drop of the macnetic permeability which can be induced by 
a magnetic or elastic perturbation as low as H = 20 Oe or £ = 10~5. 

INTRODUCTION 
The literature on magnetomechanical damping observed in iron at low tem

perature presents many obscure points : a plateau from k to 50 K was reported 
[1] while a broad peak was found in the same range of temperature [2, 3] ; 
relaxations with anomalously low activation energies were mentioned [**]. The 
purpose of this paper is to present a mechanism involving a reduction in the 
Bloch wall mobility which can explain these discrepancies. 

EXPERIMENTAL TECHNIQUES 
Wires 0.6 mm in diameter of high purity CEN-G iron [5] were annealed at 

800°C in an atmosphere of purified hydrogen. 
An inverted pendulum allowed measurement of internal friction (Q ) and 

change in modulus (f2) at 0.8 Hz during linear warm ups [6]. The measurements 
were made by amplitude decays between 15.10"6 > e^x > 2.10~6. The axial tension 
was 7 g.mrn"2. When necessary, the sample was saturated by a constant axial ma
gnetic field of 100 Oe or demagnetized by an alternating magnetic field of 0.1 
Hz decaying from 600 Oe to zero in two minutes. Magnetic permeability measure
ments were carried out using a magnetic after-effect installation IT]. 

EXPERIMENTAL RESULTS 
Fig. 1 presents internal friction and dynamic modulus measurements for 

various magnetization conditions of the specimen. The spectra obtained with an 
applied magnetic field of 100 Oe are featureless, with neither amplitude depen
dence nor resolved peaks greater than 5»10~5 (curves A). Such a magnetic field 
is known to suppress the Bloch walls of the sample. 

Without an applied 1m.3r.etic field, the spectra were not reproducible. 
Important parameters appeared to be the rate of cooling from 830°C to h K and 
the presence of accidental magnetic or elastic perturbation applied in the range 
k-kO K. Systematic studies showed that the spectra always fell between two li
mits. The lover limit (curves 3) corresponds to a wire carefully and slowly 
cooled. A considerable amplitude dependence of both Q"' or f2 was observed. Tne 
upper limit (curve3 C) is obtained with the same wire previously demagnetized 
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at h K with the 0.1 Hz, 600 Oe field. A similar curve is obtained if the vire is 
"magnetomechanically demagnetized" at ^ K by 30 oscillations of surface strain 
amplitude e s = 10"^. No permanent change in dislocation structure was induced 
by such a demagnetization. This was demonstrated by a frequency determination 
made at h K, 100 Oe before and after this set of experiments. No frequency 
variation vas detected with a sensitivity liait of Af/f = 1<H». 

Another experimental procedure which gives rise to high internal friction 
is to rapidly cool the sample from 800°C to k K. Nevertheless, the upper limit 
obtained by such a "thermal demagnetization" is not as high as curve C probably 
because our cooling rate in the pendulum is not sufficiently fast. 

Fig. 2 presents effects of a magnetoaechanical or magnetic demagnetization 
made at h K as a function of the amplitude of the field. It appears that the 
damping spectrum of the slowly cooled sample is altered by a perturbation as 
low as e s « 10~5 or H * 20 Oe. After the magnetomechanical demagnetization, a 
high transient is observed which vanishes in%30 sec. This is also the case with 
magnetic demagnetization but in this case, the transient is mixed with the end 
of demagnetization. 

Fig. 3 presents the modulus defect as a function of temperature (i.e. 
the difference between the values observed with or without constant saturating 
field) for the two limiting cases. 

This nagnetomechanical damping finds its origin in a magnetic phenomenon 
corresponding to an anomalous drop of permeability and is described in [8, $]. 
Fig. k presents, as a function of the temperature, the magnetic permeability of 
our specimen, measured in a low field (0.1* mOe, 8 Hz). Curve A corresponds to a 
slowly cooled sample. Curve B corresponds to the same specimen subjected to a 
magnetic demagnetization of 600 Oe at k K. We expected a strong similarity 
between Figs. 3 and h because the modulus defect is proportional to the permea-
tility [10]. Nevertheless in Fig. 3, the modulus decay is delayed in comparison 
with the permeability drop, probably because the measuring amplitudes (7 to 
2.10~6) induce slight demagnetizations. Lower amplitude tests (7.10~T) seem to 
lead to a more and more rapid decay, but are perturbed by background noise. 

DISCUSSION 

The transient effect observed in Fig. 2 is probably identical to that 
described in [U]. The magnetomechanical demagnetization induces a slig.it defor
mation which recovers by rearrangement of dislocations [11]. In the present case 
non-screw dislocations and kink migration are concerned. As in [h], a /ery low 
activation energy is found. 

As shown in Figs. 3 and U,the principal effect is magnetic in origin. Our 
results suggest a transition of the Bloch wall network from an energetically 
unfavorable distribution to a stable one. The rapidly cooled sample probably 
contains an irregular array of mobile Bloch walls, nucleated just after crossing 
the Curie point (high internal friction and permeability). The carefully cooled 
sample contains a stable, self-locked Bloch wall network (low internal friction 
and permeability). We can speculate that this self locking occurs by successive 
fluctuations either by reduction in Bloch wall area [8] or by the appearance of 
a new magnetic configuration in regions of high magnetocrystallins energy (for 
instance by dissociation of zones where three Weiss domains touch each other). 
Other mechanisms were proposed in [12]. A strong demagnetization involving spin 
reorientation could locally destroy this low energy configuration but some 
thermal fluctuations help the system to return to equilibrium by a cooperative 
movement. Details concerning the magnetic aspects are given in [9 and 12]enucle
ation of stabilized state, explanations o* the demagnetized and quenched states ... ) 
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This mechanism, characterised by a low activation energy is operative in 
a temperature range where the magnetocrystalline energy is high and thermal agi
tation just sufficient. It explains how, in references (1-3) the experimental 
curves approach either our upper or out lover limits, depending on the cooling 
rate or strain amplitude employed. 
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Tig. 1 : Internal f r ic t ion ( l e f t ) and dynamic modulus ( r ight) of a high par i ty 
iron wire previously slowly cooled from 300°C to '* K. Measurements were made du
ring l inear war-".-iips with a 100 Oe constant magnetic field (curve A) without 
magnetic f ield (curves B and C) and af ter a 4 K, 600 Oe, 0.1 Hz demagnetization 
(curve C). 
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Fig. ̂  : Magnetic permeability measured during warm-ups for slowly cooled or 
demagnetized iron samples. The curve for a sample quenched from 1000 K to 1 K 
i.i given also. For details, see [9] and 112], 
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