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The physical origins of anomalous volume effect (Invar effect) and elastic eflect
(Flinvar effect) are critically examined. We found that, unlike the volume eflect.

the shear elastic properties are not. much influenced by the ferromagnetic transition.
This finding shows that the two anomalies originate [rom different physical origins,

thus contradicting the conventional wisdom. We discuss the consequences ol this

finding in the light of recent experiments.

I. INTRODUCTION

Since Guillaume first discovered that certain
materials had zero or negative thermal expansion
coefficients around the room temperature about
one hundred years ago [1], enormous amounts of
research efforts have been spent to elucidate the
physical origin of this volumic anomaly which is
generally called the invar effect. One of promi-
nent features of the invar materials is that they
also possess the elastic anomaly, which is called
the elinvar effect [2]. In the elinvar materi-
als, certain elastic constants decrease when tem-
perature is lowered, whereas, in normal met-
als, all the elastic constants increase monoto-
neously with decreasing temperature. Since the
two anomalous effects, the invar and the elinvar
effects, occur simultaneously in the invar materi-
als. it has been generally believed that they have
the same physical origin [2].

However, recently, it has been observed that
the elinvar type elastic anomalies could occur
also in non-invar materials {3]. It was found by
the authors that the elastic anomaly of nonmag-
netic A-15 compounds could be explained using
a theoretical scheme based on redistribution of
electrons between strain-split d-bands [4]. The
same theoretical scheme was later found applica-
ble to the elastic anomalies of ferromagnetic [5],
antiferromagnetic [6], and superconducting mat-

erials [7]. Although this theoretical scheme is
hased on the existence of narrow degenerate d-
bands which is also true for the invar materials,
it does not directly depend on the invar property.
It raises doubt on the conventional wisdom that
the two effects originate from the same physical
mechanism. In this context, one of the inter-
esting problems is the role of magnetism in the
volumic and elastic anomalies. In all existing in-
var theories, the magnetism is known to play a
dominant role [2,8]. Therefore, it is nccessary
to investigate whether the magnetism plays an
important role in the elastic anomaly.

II. ROLE OF MAGNETISM IN THE ELASTIC
ANOMALY

Majority of existing theories for the invar effect
are based on the magnetic moment and the vol-
ume relationship as represented by the moment-
volume instability theory by Wassermann [2].
Another important theoretical approach is the
electron-phonon theory by Kim [8], in which the
coupling between the longitudinal phonon and
the itinerant electrons provides the necessary
mechanism for the volumic anomaly. In both
types of theories, magnetism plays a crucial role.

Below, we examine whether the mechanism
leading to the invar effect has any physical bear-
ing on the elastic anomaly. First, the moment-
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In this
theory, there are two different volume states;
namely the high and the low magnetic moment
states. With temperature change, it is assumed
that there occurs the transition between the two
moment states, thus changing the volume of the
materials. Here, we note that this theory is
purely volumic and, thus, it is not possible to
have any effect on the shear elastic constants.
Thus, this theory does not have any direct rela-
tion to the elinvar effect.

Secondly, we examine the electron-phonon
theory. In the electron-phonon theory, the
clectron-phonon interaction is shown to renor-
malize the longitudinal acoustic phonon fre-
quency [8]. Since the phonon frequency is renor-
malized through the interaction with the elec-
trons which go through the magnetic transition,
the magnetism affects the phonon frequency and,
consequently, the thermal expansion coefficient.
So that the electron-phonon interaction plays a
role in the elastic anomaly, the electron should
couple to the transverse phonon instead of the
longitudinal one. However, it is well known that
the electron does not couple to the transverse
phonon in the normal process. Therefore, it is
necessary to consider the Umklapp process for
the following electron-phonon Hamiltonian
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It is not an easy task to evaluate the renormal-
izalion effect of the above Hamiltonian on the
phonon frequency directly. Therefore we con-
sider the phonon Green’s function in the Zubarev
notation [9]; Gap(w) = ({A; B)), which gives the
equation of the motion
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where Q,, is the bare phonon frequency. Now
approximating the higher order Green’s function
in the mean-field spirit, we obtain the renormal-
ized phonon frequency
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If we neglect the Umklapp process by setting
all K,, = 0, then we readily_recover the result
of Kim [8]. However, when K, # 0, we have a
more complicated situation. Since we are only
interested in the static limit, we consider the
limit ¢ — 0. Then the renormalized transverse
phonon frequency is simplified to

w) is the well known Lindhard func-
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Evaluating the magnitude of order for ¢ — 0, we
obtain w?, =~ 02, . Therefore, we conclude that
the transverse phonon frequency is not affected
by the electron-phonon interaction to the first
order. This also implies that the magnetic tran-
sition does not directly affect the elastic proper-
ties.

(7)
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It has been shown that, in the elinvar theory
of the electronic redistribution [3-7], the ferro-
magnetism is only weakly influence the elastic
anomaly. Therefore, in conclusion, we believe
that the magnetism does not play an important
role to the elastic anomaly.

III. CONCLUSION

We have shown, in this paper, that the theories
[or the invar effect do not have direct bearing on
the clastic anomaly. Thus, we conclude that the
invar and the elinvar effects originate from differ-
ent physical mechanisms although they may be
closely related. Also it is shown that the mag-
netism does not play an important role to the
elastic anomaly.

IV. ACKNOWLEDGMENTS

This was partially supported by the Ko-
rea Ministry of Education (BSRI-95-2425), by
the Korea Science and Engineering Foundation
through Project (95-0701-04-01-3) and SNU-

— 353 —

CTP, and the Korea Ministry of Science and
Technology.

[1] Ch.E.Guillaume, C.R.Acad.Sci.
(1897).

[2] E.F.Wassermann, Ferromagnetic Materials
Vol.5, edited by K.II.J. Buschow and
E.P.Wolfarth (Elsevier, Amsterdam, 1990).

[3] D.K.Ray and S.K.Ghatak, ibid. 36, 3868
(1987).

[4] C.K.Kim, K.Nahm, Y.Cho, H.Fiitterer and
J.Pelzl, J.Phys. F': Met.Phys. 18, L271 (1988).

(5] T.S.Kwon, C.K.Kim, K.Nahm and J.Pelzl,
Solid State Commun. 83, 391 (1992).

[6] T.S.Kwon, J.C.Park, S.W.Wu, C.K.Kim and
K.Nahm, Phys. Rev. B 49, 12270 (1994).

[7] T.S.Kwon, J.C.Park, K.Nahm, H.S.Noh and
C.K.Kim, Phys. Rev. B 49, 4388 (1994).

(8] D.J.Kim, Phys.Rep.171, 129 (1988).

(9] D.N.Zubarev, Usp.Fiz.Nauk 71, 71 (1960).

125, 235



