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Letters to the Editor

THE TEMPERATURE DEPENDENCE OF THE RELATIVE
PARTICIPATION OF NEGATIVE BARKHAUSEN JUMPS
IN THE PROCESS OF MAGNETIZATION OF METAL
FERROMAGNETS

VLADIMIR HAJKO,* ANTON ZENTKO,** Kosice

Th> existence of negative Barkhausen jumps (B. j-} in the process of magnetization
of both polycrystalline and monocrystalline metal ferromagnets wag experimentally
confirmed in papers [1—3]. Paper [4] gives the interpretation of the origin of negative
B. j. as a consequence of the influence of time — varying eddy currents, which appear
in the metal ferromagnets after the realization of positive B. j. Such an interpretation
of the origin of negative B. j. is supported by some experimental results, reported in [5]
and [6]. With respect to the fact that some important parameters of ferromagnets (electrical
conductivity, coercive force), which according to this interpretation of the origin of ne-
gative B. j. may affect their relative participation, are temperature dependent, it seems
useful to study the temperature dependence of the relative participation of these ele-
mentary irreversible magnetization processes, especially down to low temperatures.
This paper gives results of the experimental study of the temperature dependence of
the relative participation of negative B. j. in the process of magnetization of polyerystalli-
ne metal ferromagnets in the temperature range of 77 K to 300 K.

Positive as well as negative B. j. occurring in the process of magnetization of given
ferromagnets were registered by the apparatus described in [2]. The resolving time of
this apparatus was 2.5x 10-6s. It registered all B. J. with the time separation between
them equal to or greater than this time interval and connected with the change of the
magnetic momentum during the jump of more than 1.6 X 10-% units cgsm. Measurements
were made on the polycrystalline samples of Fe, Co, Ni, PY 50 in the form of wires.
All samples were annealed in a hydrogen atmosphere prior to measurements. During
the investigation of the temperature dependence the sample was placed in a cryostat
enabling continuous temperature control in ths range of 77.4 K to 310 K. This cryostat
is described in [7]. .

The obtained temperature dependence of ths relative number of negative B. j. n =
= N-/N* in the process of magnetization along the branch of a B — H loop, i. e. the
ratio of number of all recorded negative B. J- N~ to the number of all recorded positive

* Katedra experimentdlnej fyziky Prirodovedeckej fakulty UPJS, KOSICE, nam.
-Februdrového vit. 9.

** Ustav experimentalnej fyziky SAV, KOSICE, ndm. Februirového vit. 9.
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B. j. Nt, is shown in Fig. 1. It is evident from this figure that for all samples there is
an apparent change of the relative participation of negative B. J. with temperature in
i.ﬁ m:..ooomw of magnetization from saturation in one direction to saturation in the o posit
direction. proe

.Ho.o.gms an idea about how the relative number of negative B. j. depends upon the
coercitive force, we have measured this number for polycrystalline samples with various
values of coercitive force in the process of magnetization along one branch of the B — H
loop at room n.mbpwmnmo:am. The results of these measurements are shown in Fig. 2. As
can be seen, with increasing value of the coercive force the relative number of negative
B.j. m.wmouomwmm practically exponentially.

To interprete the dependences shown in Fig. 1 let us consider first how their course
can be affected by the temperature dependence of the electrical conductivity of metal
ferromagnets. As follows from [4] the temperature dependence of electrical conductivity
Qomm :.09 affect the amplitude of the magnetic field of eddy currents, yet it affects the
variation of this field with time. This can be seen from Fig. 3 showing the time dependence
of the magnetic field of eddy currents at a distance of 10-3 cm from the point of jump,
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Fig. 1. The temparature Qmmv.wdmmbao of the relative participation of negative Barkhausen
Jumps 1 — Fe; 2 — Ni; 3 — Co.
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?m.mw. The depandence of the relative Participation of negative B. j. upon the coercive
orce (4 — PY 50; > — Nil; 0 — Fo; + —Ni2; O — Ni3 (def.); x — Co).
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which has caused these eddy currents, this being at temperatures of 78 K and 293 K
respectively. Curves in Fig 3 were calculated according to [4]. It is evident from this:
figure that the time at which the magnetic field caused by eddy currents reaches its.
maximum, is at 78 K practically by one order longer than at a temperature of 293 K.
Therefore it appears that with decreasing temperature the time separation between.
mutually coupled positive and negative B. j. becomes longer, which enables a more rela-
tive number of negative B. j. to be recorded with the measuring apparatus with the given.
resolving time.
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Fig. 3. Time depandence of the magnetic field of eddy currents at a distance of 10-3 em.
from the point of jump at temperatures of 78 K and 293 K.

As the cosrcive force of the sample is the root-mean-square value of critical fields
in a ferromagnet, obviously its temperature dependence will affect the number of negative
B. j. when the sample temperature is changed. Information on the character of the tem-
perature dependence of the coercive force of polyerystalline metal ferromagnets is given
in papers (8] to [13]. According to them the coercive force of these ferromagnets increases.
when passing from room temperature down to liquid nitrogen temperature, this increase
being quite marked in some materials. If we considered only the effect of the coercive
force increase with decreasing temperature, it would lead to the decreasing relative
number of negative B. j. in the given magnetization process (see also Fig. 2).

It is evident from what was said above that two tendencies of opposite character
are influencing the course of the temperature dependence n = n(T) as recorded with.
the measuring apparatus. They act simultaneously and the experimentally measured,
dependences shown in Fig. 1 indicate that in the used Fe and Ni samples there dominates
in the whole covered temperature range much or less the tendency which increases the
relative number of negative B. j. There is a similar tendency in the case of a Co sample
in the temperature range from 300 K to 100 K. However, the measured n for this sample
at the temperature of 77.4 K is much less than that at 100 K. Below 100 K thus the ten-

deney begins to dominate, which results in the decrease of the relative number of negative

B.j.

121




REFERENCES

11l Kupsncwun JI. B., Usnesr B. @., DAH CCCP 76 (1951), 389.
{2] Zentko A, Hajko V., Czech. J. Phys. B 18 (1968), 1026,
31 Hajko V., Zentko A., Filka 8., Czech. J. Phys. B 19 (1969), 547.

[4] Zentkovsg A., Zentko A., Hajko V., Czech. J. Phys. B 19 (1969), 650.
{51 Zentko A., Crech, J. Phys. B 19 (1969), 1454.
[6] Hajko V., Zentko A, Fyz. tas. BAV 20 (1970), 92.
[7] Gréser A., Tanos &, Kovaé L., Cs. sas. fyz. A 19 (1969), 667,
[8] Terry E. M., Phys. Rev. 39 (1910), 133.
[9] Gans R., Ann. Phys. Lpz. 48 (1915), 514.
{10] Samuel M., Ann, Phys. Lpz. 86 (1928), 798.
{11] Rochol P, Dipl.-Arbeit, Stuttgart 1951; cit. from Kneller E., Ferromagnetismus.
Springer Verlag, Wmlm:lﬁmggm.@zlm@ao?wnm 1962.
{12] Kostler W, Beitrage zur Theorie des Ferromagnetismus und der Magnetisierungs-
kurve. Springer Verlag, uwo_._mzlﬁag_.bmmblHHmEmEmum 1956, 82.
[13] Gniewek J, J., Ploge E., Journ. Res. Nat. Bureau of Standards 69 C (1985), 225.

Received April 26tn, 197]

122

i 3




