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IONIC TRANSPORT COEFFICIENTS IN RARE-EARTH
AND ACTINIDE LIQUID METALS

SPERANTA COLDEA

1. Introduetion. Up to the present day the measurement of the viscosity
and the diffusion of liguid metals has interested metalurgists. In recent years
the liquid metals have been used as heat transfer fluids in several systems. So
there are ,,the heat pipes” and the nuclear power reactors, where the viscosity
is an important engineering property. For many other reasons the knowledge
ot the viscosity coefficients of a rare-earth or actinide liquid metal is essentially
needed.

Empirically derived viscosity values for liquid metals have been somewhat
successful, but because of inadequate understanding of the liquid state, these
values are questionable. These data must be compared with several proposed
models for the ionic transport coefficients in liquid metals.

On the other hand the relationship between viscosity and selfdiffusion of
these fluids is of a great theoretical interest.

In this respect we shall propose a useful approach which permits to estimate
the viscosity and self-diffusion coetiicients of the rare-earth actinide liquid metals.
For this purpose we shall take into account the previously analysed empirical re-
lationships with some other physical properties of the liquid metals, as Debye’s
temperature, the activation energy, the temperature -dependent diameter and
entropy [1]. The so calculated values were shown to be in good agreement with
the available experimental data for the viscosity of most liquid metals, but far
less so for diffusion results [1]

- 2. Viseosity of rare-earth and actinide metals. The viscosities of all fluids
arc strongly dependent upon the temperature. The data for most liquid me-

tals —over a temperature range ot several hundred degrees — are adequartely
represented by the Arrhenius equation [2]:
= A. exp (E/RT) (1)

where 4 is a constant, E is the activation energy for viscous flow, R is the gas
constant and T— the temperature

But this empirical equation does not account for any variation in the den-
sity of the liquid which is also dependent upon temperature. In order to account
for these density variations this equation was modified by Andrade in the
following manner [3]:

o 2 571074 (4T, Ve @)

which relates the viscosity at the melting point p,, to the atomic weight A4, the
melting temperature T, and to the molar volume V.,
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On the other hand one obtains, in the case of self-diffusion, from a simple
kinetic approach for ionic transport coefficients of liquid metals [1]:

D = Dyexpy-: exp (—E[RT) 3)
where
Dy, =4,8686 - 1077 8y - (Vm)'h (4)

V7 is the atomic volume at the melting point, 9, being the Debye’s temperature
which can be expressed by the Lindemann’s relation as [4]:

So = C - T[4 (V)™ (5)
The activation energy at the temperature T can be written as.
ET =E — yRT (6)

where E is the contribution to activation energy which does not depend on tem-
perature, whercas the latter term depends upon the temperature and entropy

(1]
Using the Stokes-Einstein relation [5]—[6] .

w=RkT[6D- ¢ (7)
one obtains the shear viscosity of a liquid metal as [1].
we B.T. exp (—vy). exp (E/RT) 8)
where
B =3,9915 - 1073/(V=)" - 8, 9
and
exXp (— ¥) = Bexp/ Beor.- (10)

Inserting now the experimental values of B, V=, E and the calculated

values of B and vy, we can casily estimate the theoretical data of the viscosities
by means of the realations (8)—(10) These data are presentedin table 1 and are
compared with the values of the viscosity of lanthanum, cerium and prasheo-
dymium, which are calculated by the Vadovic-Colver modified hard-
sphere theory [7] and with the ones obtained by the Pasternak’s corres-
ponding states theory [2] of the ionic transport coefficients The expressions for
the shear viscosity of liquid metals in these theories are [7].

w0230 L (RTM/[x)v2 [ [9,385 (u) — 1] (11)
YN T om

where 7 and 1), are the packing fractions at the temperature T and at the melting
pownt T, » is the hard-sphere radius , p being the density and N ,— the Avogadro’s
number, and respectively [2]

w = [(VPrus)[(MR e[k - (NV)=10 (12)

with p* — the reduced viscosity, V* — the reduced atomic volume and M —
the atomic mass.
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The above-obtained results for wviscosity of La, Ce and Pr are given in
table 1, together with the ones of the computation of v on the base of Andrade’s
formula (2) and with the experimental data. The hard-sphere calculations are in
good agreement ( 4 79%,) with the experimental viscosity-values (at T,,) for Ia,
Pr and Yb (table 1). However, the calculated values are too small for Ce, U and
Pu (by 17,22 and 319, respectively; table 2).

The viscosities which have been calculated by means of the relation (12)
were too large for La, Pr and Yb (by 16, 13 and 189, respectively) and too small
for Ce, U and Pu (by 4%,7% and 209, respectively, table 1 and 2).

Table 1

Viscosity values of the rare-earth metals calculated by scveral theoretieal methods and the
experimental data

Liquid [11] (31 71, (12] 2] [81—[9]
metal | T,,(°X) | poxp (CP) | toate. exp(cP) | #Andrade(cp) pas(cP) tcs(cP) vrr(cP)
La 1203 2,65 2,452 2,86 2,61 3,01 2,7
2,45
Ce 1077 3,20 2,882 2,91 2,66 3,07 2,707
2,89
Pr 1208 2,85 2,796 3,04 2,79 3,22 -
2,80
Table 2

Viscosity values of actinide liquid metals calculated by several theoretieal methods and
the cxperimental data

Tiqud [11] [7], [12] [2] 8]1—1[9] [3]
metal T(°K) erp (CP) ugT(cP) ucs(eP) wxr(cP) tAndrade (CP)
U 1406 6,93 5,12 6,05 5,88 5,8744
Pu 913 5,93 4,11 4,75 5,04 5,89

6,0
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Using the relations (8) —(9) one obtains the viscosity of liquid uranium as-
uy = 1,91.107¢ T - exp (— y) exp (10 245/RTY (13)

or, with exp (—y) = 0,56, T,, = 1406°K, &, = 157°K then also obtaining the
final expression :

pp 1,07 - 1078 - T - exp (10 - 245/RT) {13
and similarly, for the viscosity of plutonium one obtains
Up, & 6,12 - 1073 exp (4120/RT) (13"

Consequently there is plm =58 cP (T, = 1406° K) and ul =28 cP (at
T = 2000°K), whereas for lquid plutomum we obtain: pgl?: 5,04 cP
(T = 913°K).

The above viscosities arc 1n agreement with the results which have been
obtained by using the hard-sphere theory [7], the Andrade’s formula [3] and
the corresponding states theory [2] (table 2). However, our values are too small
when compared to the experimental data: pfm= 6,53 cP and y.g‘:ln= 5,93 cP or

6,0 cP.
Taking the melting powt of Thorum as T,, == 2020°K, the formula (8)
shows that p.{_;n: 5,04 cP, as well as y.g;n. )

We have to mention that the shear viscosity of this actinide imetal was
not measured yet.

In spite of his relatively not too laige activation energy (E=3100 cal/atg)
there is the experimental value of the viscosity'of uranium which takes the
largest value among the viscosity coefficients which are given in the
present day literature. In this respect it seems that the only liquid metal whose
viscosity approaches that of plutonium and uranium, areiron, cobalt and nickel
tpe = 5,8 cP, pco = 5,2 cP and py = 5,6 cP

3. Seli-diffusion of rare-carth and actinide metals. Using the well-known
Stokes-Einstein relation (7) and the result for shear viscosity (8) we can write
the self-diffusion of liquid metals as [6]-

D=*kT|u o (14)

where 2 = 2,8 1017 erg/grd andc is the Pauling’s ionic diamecter
Similarly, using the Sutherland modification of the above equation [5],
there is:

D=084- kT|u: o (13)
where ¢ 1s a function of temperature 7, which has the form [1]

w 0,644 (Mp,)3[1—0,112 (TT,)1] - (10-8 =) (16)
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We have to notice that whereas the viscosity has been measured 1n 32 Ii-
quid metals, self- diffusion has %een measured for only 9 of these metals. In this
respect the use of the above relations (14) —(16) permits the estimation of self-
diffusion-for the metals for which this coefficient has not been measured.
Taking into account the relations (3)—(4) for self-diffusion of liquid metals
it is posmble to talculate this coefficient, if the values of Opesye, V'™, E and v

are known for the considered metals. The so obtained results are g1ven in tables
3 and 4, for rare-earth and actinide liquid metals respectively.

Analysmg the tables 3 and 4 we can remark that the values of self-diffusion
of molten lanthanum and cerium are in good agreement with both the experi-
mental data and the values of this quantity, obtained from the relation (14) and
from another theoretical method [10]. But the value of D for uranium (at the
melting point) is too small in comparison with the value estimated from the
relation (14). Unfortunately, the relations (3)—(4) cannot be used to estimate
the self diffusion of molten plutonium, because the data for 9, V= and y are
not yet available.

As a conclusion, it is quite evident that the relation (15) for the self-dif-
fusion is unuseful because it gives too small values in the case of lanthanum, ce-
rium and praseodymium.

But, in any case, the self-diffusion coeffictent of rare-earth and actinide
liquid metals changes with temperature according to the well-known relation [5]:

Dy = D, - exp (—Q/RT) (17)
where D, is a constant and Q is the corresponding activation energy.

4. Conclusions. Making a comparison between several approaches to es-
timate the viscosity values of the lanthani de liquid metals (cerium, lanthanum
and praseodymium), it can be observed a good agreement of the values calcula-
ted from hard-sphere theory [7], from the Andrade’s relation [3] and from the
simplé kinetic theory [1], with the experimental data. The corresponding states
theory values [7] for the lanthanide liquid metals viscosities are greater than the
other results of table 3.

Table 3

Sell-diffusion values of the lanthanide metals, caleulated by several theoretical mothods and the
experimental data

Liquid DT calc - rel - (14) T rel - (15)— DT tmneate. | DT mpo1| DT mpay
metal (108 cm?s) ”“‘“}io.’g,.,g‘,s’ (16) rel - (3)—(4) | teor - (105 | exp - (105
(10* cm?/s) cm?/s) cm$/
La - - 3,45 0,2965 3,53 3,614 3,45
3,53
Ce 2,89 0,243 2,97 2,627 2,942
) 2,842
Pr 2,80 0,235 3,66 3,06 2,936
3,79
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Guetering the value of pIm (at the melting point) predicted by An-
drade [3] with the value of activation energy E anticipated by Grosse [8],
there results the possibility to define suitable equations expressing the change of

viscosity with temperature. So, the comparison of the sets of theoretical equa-
tions [8}:

tr, = 5,714 - 103 exp (3850/RT) (18)
e, = 5,56 - 10~3 exp (3550/RT) (19)
wp, = 6,243 - 10~3 - exp (3800/RT) (20)
and of experimental equations [9]
ur, = 1,464 - 1072 . exp (1231/RT) . 21)
vg, = 1,310 - 102 exp (1679/RT) (22)
up, = 1,758 - 10—3 - exp (1118/RT) (23)

indicates that the predicted values for the activation energy E 1s about two to
three times larger than the corresponding experimental values for E of lanthanum,
cerium and praseodymium.

Similarly, we can write some theoretical [9] and experimental expressions
(from viscosities data) [5] for the lanthanide liquid metals diffusion. As theoretical
predictions :

Dy, =594 - 10— exp (—7171/RT) (24)
D;, =591 - 107 exp (—6420/RT) : t-(25)
Dp, = 5,91 - 1074 exp (—7201/RT) (26)
and experimental equations )

D;,= 1,789 - 10* exp (—3880/RT) 27
D.,= 1,945 - 10~% exp (—4044/RT) (28)
Dp,= 1,673 - 1074 exp (—3648/RT) (29),

]

The theories of Grosse [8] and of Sutherland for the self-diffusion [5
predict much higher activation energies (E and Q) for lanthanum, cerium an
praseodymium, than experimentally observed

Table 4

Self~diffusion values of the actinide metals, calenlated by the relations (3) —(4) and by the
relations (15) — (16)

in;gtlgl T(°K) TT(10* em) Deale rel (15) (10% cr?s) Deale rel (3)—(4) (10° cm¥s)
T = 913 1,355 2,28 -
Pu = 921 1,3898 2,2857
= 972 1,387 2,5285
1190 1,3765 4,2857
T Ty = 1406 1,354 3,178 1,95
2000 1,3375 10,68
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However, the temperature ranges of the present experimental investiga-
tions are too small Since the viscosities of these molten metals (at the melting
point) are low (~ 3 cP)and all three have long liquid ranges and moderate densi-
ties, these liguid metals must be studied at very high temperatures.

( Recesved December 10, 1977)
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COEFICIENTI DE TRANSPORT IONIC IN METALE LICHIDE LANTANIDE SI ACTINIDE

(Rezumat)

Pentru a calcula coeficienfit de transport ionic ca viscozitatea laminard gi autodifuzia in
metale lichide, in prezenta lucrare se aplici o teorie cimeticd sunpld a lichidelor.

In pnima parte a lucrdru este prezentati metoda de calcul a coeficientulur de viscozitate
in metele lantanide $1 actinide in stare liclndi In partea a doua a lucrimi se calculeazd autodi-
fuzia in aceste metale liclude sumple, pe baza acelelagt teornt cinetice a fenomenelor de transport
in lichide. Se face o comparatie a valorilor obfinute pentru viscozitatea st autodifuzia lantamdelor
st actinidelor lichide cu valorile experimentale cunoscute §1 cu valon ale acestor coeficients de
transport, objinute prin alte metode Se giseste o bun¥ concordantd a diferitelor valonn ale viscozi-
tifu in cazul actmidelor lichide (uramiu §i plutonmin) §1 valori mar man decit cele experunentale
in- cazul lantanidelor considerate i

Valorile autodifuziel, calculate peuntin lanthanum g1 cermum, sint in bun# concordantd atit
cu datele experimentale, cit §1 cu cele obtinute prin alte metode Coeficientul de antodifuzie a
urammlut este mic in comparatie cu valoarea sa calculati din relatia Stokes-Emstemn,” mirimea
sa experimentald nefund cunoscuti.
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AN IMPROVED SCALE—INVARIANCE IN QUANTUM FIELD
THEORY

AL. ANGHEL, M. CRISAN

The aim of the present paper is to propose and demonstratean improved
form of scale invariance in Quantum Field Theory (QFT).

As it is well-known the scale invariance arguments have been proved to
be of great interest in QFT in conjunction with the renormalization group (RG)
problem and the asymptotic behaviour at large momenta. The standard form
of scale invariance in QFT is.

P(rx) = Ao D (%) (1)

where ®@(x) is the field operator, Ay the canonic dimension of the field operator
and X is a real, arbitrary parameter. For a free-field theory in d — space-time
dimension :

Ap = (d—2)/2 , (2)

Consider now a self-interacting theory described by the following ILagrangian
density :

L(x) = 5 (e @) + - m} @ + 7 s @)

As it is now a well-established fact [1 —3] the dimension of the field @

and of other composite field operators like (D (#) (n — arbitrary integer number)
is changed when the interaction term is switched on from its canonicaly free-
field value (2). Using the RG method this deviation from canonical scaling can
be determined as a power series expansion in the parameter ¢ = 4 —d and a spe-
cified value of the fixed-point of RG — equations

We propose now an improved scaling relation which leads directly to the
idea of RG and fixed point behaviour. We postulate that in the presence of the
interaction term in the lagrangian density, the field operator ®(x) and the com-

posite field operators <I) (%) become functions of the renormalized coupling constant
Ug. The improved scaling relation which we propose is:

Q" (Ax, ) = X" 0Y (x; Ug(d) F, (n, Up) 4)
The boundary conditions A =1 and Ug =0 impose:
Un (1; Ug) = Upg (5 a)
F,(1Ug) =1 (5 b)
Ug(2; Upg=0)=0 (6 a)

F, (2; Upg=0)=1 (6 b)
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Taking the derivate with respect to A and then put A = 1, the result is:
xai OM (x, Ug) = —nA O (v, U,) +
X

30%x; Ug) 38U\ Ug)

+ oup ax A=1
+ 2T 0" (x, Uy) _
o2 A
or: (7
[x 2 Ay —En2iUR Ua| 1w (x; Ug) =
ox 22N A=1y

30M™ (x, Up) 8UR (A: Ug) (8)
aUg 28 A=1
Eq (8) is a first-order, inhomogeneous differential equatlons
Suppose now that there is a particular value of U, : U, = Ug* such that -
") (y-
000 x; uk) =0 (9 a)
dug Ug=Uk
or:
dug(X; “?i’) =0 (9 b)
a2 A==l
Then from eq.(8) we get:
[x 2 1 n Ay — Sl vk) ] O (x; uy)=0 (10)
oz 128 A=l
which is an homogeneous first-order differential equation. Upon
integrating it we arrive at:
O (Ax, uy) = A~ *+ %) O™ (4 u}) (11)
where :
1 ¢F (x; uk
Sp= — — 2t ©F 12
o n ox A=l (12)

It is clear now that starting from the assumption of improved scaled invariance
(4) we get anomalous dimension Ay -+ 3¢ of {ield operators for a specific value of
the coupling constant U, = U%. This is indeed a fixed-point-like behaviour.

Our aim 1s now to determine the functions Uy (A, Ug) and F, (r; Up),
perturbatively. To this end we consider the renormahzed N — pomt vertex
functions Ty({#7}; Up) with all external momenta {p4;} of the same order of mag-
nitude p. It is obvmus that these functions will also satisfy the improved scalmg
relation in momentum space .

Ty (2p;Up) = 2"~ "0 Ty (p: Ug(N) F,, (2, Upg) (13)
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Calcu lating perturbatively the N-point vertex function I', we get the
following general result:

Tu(, Un)=T3(2) + 3 Un(2) (14)

Developing Iy(p; Ug(})) in power series in Uy

Tu(hs Ug(W) = Th(p) + 3 Usr () 2252 20 (15)
- 1=1 R $¥R=0
and similarly
Fy(h, Ug) =14 >SS URf(N (16)
and matching egs (13), (14), (15) and (16) we get
T%(2p) + i‘ wy v, (hp) = N7 Mo {F?v(lb) + fj U;m(p)‘lf,(k)] -
) - (17)

- [1 3 U’Rf.(l)]
=1
which is the most general result one can gobtain in the perturbation theory. From
eq (17) the coefficients f,,(x) and -

rUp(n, U
¥,() = 2R TR

(18)

Ur=o0

can be determined, and thus the functions #; = ug (A, u;) and Fy = Fu(X;
ug) are obtained for different models of interacting fields. Finally, we can sum-
marise the result as follows, the scale invariance in QFT can be improved in
order to include implicitly the fixed point behaviour. This generalised scale
invariance relation, which was hypothetical assumed can be proved in RNG —
framework. This result will be used in order to determine the anomalous dimen-

sion for different models in QFT
( Recesved January 14, 1978)
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IMBUNATATIREA INVARIANTEI DE SCALA IN TEORIA CUANTICA A CIMPULUI

(Rezumat)

In lucrare se propune o variant¥ imbun#tifity a invanantei de scali in teoria cuanticd a
cimpurilor, care stabileste o legdturd directd cu comportarea de punct fix.
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ELECTRICAL SWITCHING PHENOMENA IN xFe,0, - (1—2)[3B,0; -PbO]
GLASS SYSTEM

I. ARDELEAN and V. SEVIANU

1. Introduction. The electrical switching phenomenon in some chalcogenide
glasses was first reported by Ovshinsky [1]. This effect comprises a sudden
increase of magnitude of conductivity when a sufficiently high electric field
is applied to the material This low-resistance state (on state) is stable even
after the external potential was removed.

Drake et al [2] have observed memory phenomena in oxide glasses
(CuO: P,O;) containing a large proportion of oxide of certain variable valence
transition metal ions (Cu* and Cu?+) The switching phenomenon 1n silicate glasses
1n the presence of Fe,Q, clusters was evidenced by Ersovetal 3] Chakra-
vorty [4, 5] has observed such memory switching effects induced in some
phase-separated oxide glasses by ion-exchange treatments.

The study of switching phenomenon is important both for his eventual
applications and for clearing, and understanding the conduction mechanism in
glasses

In this paper we present some results regarding the switching phenomenon
evidenced in xFe,Op + (1—x)[3B,0; - PbO] glass system

2 Experimental. 2.1 Glass preparation. The xFe,O5 - (1—x) [3B,0; - PbO]
glasses preparation was described previously [6]. The structure has been studied
by X—rays [7], I R absorption spectra [6], the Mossbauer effect and electron
microscope [8] and by magnetic measurements [9]. These measurements eviden-
ced that the iron ions in 3B,0,; - PbO glass do not form clusters. The iron cations
seem to be randomly distributed in the matrix The measurements based on the
Mossbauer effect demonstrated the presence of both the Fe®+ and Fe?* 1oums.

Electrical conductibility measurements indicated a semiconductor beha-
viour of xFe,Oy - (1—x)[3B,0, - PbO] glasses [10].

In order to study the switching phenomenon, samples of thickness of about
20 pm and of dimensions of about 5X 5 mm were prepared The measurements
were carried out at room temperature.

22 Swrfching circust The block-circuit that we used in order to evidenciate
the switching phenomenon 1s given in Fig. 1. In this circuit we used a dc power
supply BM 20S, pulse generator PGP—2 and electronic multimeter E 0403.
The impulses are rectangular with an amplitude up to 10 V and a width up
to maximum 10 ms

The sample-holder consists of an insulator plated with copper. The con-
tact between the sample and the copper plate was obtained by using silver paste.
The other electrode was a silver wire contacting the sample through silver paste.
The sample-holder construction is so that the attachment of an upper electrode
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S allows the application of an
electrical field. An electric field
0C POWER PULSE of 10°V/em was used

SUPPLY GENERATOR 3. Results and diseussi-

ons, Measurements on samples

“10\, in xFe,O4. (1 —x)[3B,04+ PbO]

9 "o 9 glass system lead to voltage-

| i current characteristic specific to

{7 the behaviour of glasses which

R, contain transition metal ions in

v A different valency states ([2].

Figure 2 shows a typical vol-

tage-current characteristic of

samples with 50 mol% Fe,O,

upon application a dc field

:__SAMPLE and voltage pulses. The initial

resistance of samples was of

1,5 x 108Q (oft state) and at

23 V it switched in a state

having resistance of 1,1 x 103Q

(on state). In the main for

various samples this jump varied between 10°® and 10°Q (3—8order of mag-

nitude). We noticed that after the transition into the high conductibility state

(on -state) the sample keeps up this state until the return at zero voltage when
it passes again into the low conductibility state (off state).

Fig. 1.

Both the application of voltage pulses with amplitudes up to 10 V and
a width up to 10 ms and of an electrical field of 103V/cm determined the
switching phenomenon previously described, but the switching voltage was
changed depending on these parameters.

We specify that by repeating the jump ifrom on state into off state, the
switching voltage does not reproduce exactly, fact evidentiated also by other

= e
SR
T T

~
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Fig. 2a. Fig. 2b.
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authors [2, 4, 5]. In our samples switching voltage changed between 15 V and

4. Conelusions, We may conclude that the xFe,0, - (1—x)[3B,0, PbO]
semiconducting glasses show marked deviations from normal semiconductor
behaviour. These glasses can be reversibly switched electrically, between two
states which differ in resistance by 3-8 orders of magnitude Switching pheno-
menon can appear with or without applied electrical fields or voltage pulses.

(Recesved Januwary 20, 1978)
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SOPND O MBI
OOU)

—

FENOMENE DE COMUTARE ELECTRICA IN SISTEMUL DE STICLE
xFe,0, + (1 — x)[3B40; - PbO]

(Rezumaf) - - -

Sticlele din sistemul xFe,0; - (1 — x)[3B,0, - PbO] prezintd fenomenul de comutare rever-
sibil intre doul stidri de conductibilitate a ciror rezistentd electricd diferd prin 3-—8 ordine de
mirime. Fenomenul de comutare apare atit in lipsa cit §i in prezenta cimpului electric. Prezenta
cimpului electric i aplicarea unor pulsur: de tensiune nu schimbé forma caracteristicn volt-amperice
dar modificd tensinnea de comutare.
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SPIN WAVES IN INTERMETALLIC COMPOUNDS Ho,Fe Alj;

V. CRISAN

1. Introduetion. The intermetallic compounds Ho, Fe, Al;, , showing an
ferrimagnetic behaviour [1]have an Ni,Th,, type of structure. In each unit cell
there are 2 formulae eq. 4 atoms of Ho, 2% atoms of Fe, and 2(17—x) atoms
of Al In the present calculations ¥ = 2 The model used, for spin waves calcula-
tion, is shown in fig. 1. The Ho atoms are in 2(b) and 2(d) positions [2], the
atoms of Fe in 2(a) and 2(c) positions and the positions of Al atoms, which are
not shown in the picture, in 12(k) 12(y)
and 6(g) [3].

It is convenient to introduce,,lo-
cal coordinate frames” associated with
the various spin states. The structure in

. Fe atoms . question contains 4 spins per primitive
oo atoms magnetic unit cell pointing along and 4
a- 837 A spins pointing agamnst the z directions.
c-a A These spins form 2 sublattices and we use

the indices A and A'( =1, 2) as labels
for them. The components of the spin
operator for the k th spimn in the Ith cell
and X th sublattice are denoted by:

(Shss Shas Sh,)
kruns over 1,2, ...4 for A = 1or 2,

2. The equatlons of motion. We used a He1senberg Hamiltonian with
isotropic exchange and an effective anisotropic field [4] -

Fig 1

1 .
=5 | DSOS+ D 20 O (St — Shy Sty
::#lf’k’ W oh=1 XK=l

v L3
_— 1 2 l k1 1 2 1
Slk,: 1'1.3) + 2 2 21 112 Sl 'K ,x l k% SII K7 Sl 'R,y Sll,x Sl'k,z) +

W X=

w
+3 E i%zszxsx:x]“*“z EF"BgIHI She T 2 g% H kSIZI,zJ'
W XK =1 k=1 X=
Ay
The quantity H2, denotes the effective anisotropic field associated with

the sublattice A and with the kth atom of the cell, and is directed along the z
axis. pp 15 the Bohr magneton and gt the g — factor JiEX are the exchange
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integral associated with the pair of sites (JkA, I'R’A’) 1 and v are the number
of atoms in the unit cells of the two sublattices. The exchange integrals have
translational periodicity and also have permutation symmetry. The negative
signs before the y and z —  component terms in the second and the third summa-
tions arise from the relativé orientations of the local frames for the two subla-
ttices 1 and 2. The spin operators will be regarded as expressed in the Heisen-
berg representatlon We suppose that the structure in questlon contains p spins
per primitive magnetic unit cell pointing along and v spms pointing against the
z direction.

Using the raising and lowenng operators S, = S, 4 1S, the Hamiltonian
becomes

1 13 1
H = 2 [;/T 2 gikkll {Sllk,x Sll’k’,x +.5 (Slh + Sllk -t Sl'k »+ "* ")} h

Il k’

. 1 | '
+ ;24:&2[ heSiat + (S St + Sho St )|+

W

; - 2 :’kj(lz [— II:Sllkx + (Szj( + ll’k,+ + 5123(.— Stl'k,—)} +

k

oy 1
P52 O StaSt + 5 (St S + St St
(s €10 &

+ 2 [2 tegy Hy Sk, + 2 “'BgIHAISII,x]

Usmg the followmg commu’catlon rules: - e
[Szk.a: Sz be] =1 ES %o v O Su sw "

(@ B, v)—cyclic (s, 3, )
v [Sha Sk _]1=0 - : - :
[Sh,—» Stw+]=0
[Slk + Slk’ 1= 2% Su“ By skk' 8
[Sha Skwe]= L8 S, 8y B 8y
the Heisenberg equations are:

+1Sh. = —22 Q;;zkxl{suzi ra — Siw isl‘k,}+22 g}k?z{slk:};sllz_}_

R v
2 1199 ¢¢']
+ Stz Slk:} — Up gk Hy, Slk),:h: +iSip .= — E >_\ CGhixea {SD( + Sty —
=1,2 .
. R
2 FR'L 1 el 2
— Sl'j(’, %, } -+ 22 CGixs {511 + S T Shw s Sixs } P-B gk H%; Sty ;{:

=12 .,v

2 — Physica — 2/1978
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We now make the linearisation of the above eguations ‘I'hat is whenever
i .
a produtt mvolvmg Sh:and a ra1smg or lowering operator occurs in the above

equations, then we replace, S”,, by the ¢ — number S}, where the latter
denotes the equilibrium, spln value for the sublattice (B3). The resultmg inearized

equations are

FiShe = —EZ g;ﬁ‘{shis,to——szk, Si o}+§:;3 g},;;”!s;;# S¥a+

(l'k’;élh) AN
+ Sk ;Sko}~ (J.g gAHAhSlk 3
k=], 2 i A=l
Ae==1,2 sy A =2
The notation ¥’ € Aimplies that 2’ runsover 1,2, ... u if A == land over 1, 2,.
P [

v vif A=2
We now introduce the specttal representations of S,,_ (f) as follows.

Sﬁ,+‘= [——] Z:Sk+ Jexp [igR (! ]—[s’“’]m S dw245§:+ (@ ©)
exp (i [gR () — wt]) -

Sho=[ 2 D (g exp R0 =

_ [5_]’ +§° 40 St- (= g, — o) expl [gR () — a)

N

Here ﬁ(l) denotes a vector of the primitive magnetic lattice and N is the number
of magnetic unit cells in the crystal which, as usually, is presumed to be sub-

ject to cyclic boundary conditions. The wavevector ¢ ranges over the first Bril-
s? 12
louin zone of the magnetic lattice. The factor [TO] has been introduced for

normalization convenience.
The equation of motion will be :
oSt (+q¢ + o)==+ [2 D q,kk'n') Sy (& q, +0) 4+ ;D q, kR AN
(A#x)

k’FF (:F 9 + m)]

where
D(g, k) = [Sho Skol™* G2 (g) — S B X {ghuen Hiia + 2 O (0) Sk —

~ 32 R0 SEal, AT (0) = 30 g expligIRY) — RW))
(x ¢A)
D(gq,kk'AN) is a 2(p 4+ v) dimensional matfix for which we have to solve the
eigenvalue problem



SPIN WAVES IN HorFe AL, 19

3. Numerical results, The numerical calculation was performed in the

%Y

vicinity of I' using the following approximations : Qm = Juyg = exchange
integrals between Ho atoms are constant for any kRN (A = X' =2). For A =
= 3’ = 1 the exchange integrals between Fe atoms Jpp are constants for any
kE'Il'. The same approximation is valid for the intersublattice interactions [gy.

In fig. 2 is shown the spin vaves
spectrum for different values of exch-
ange parameters.

fig 2a: Juu/Jrr = 0.18,
]FH/JFF. = —025

fig. 26 JoulJep = 0.18,
JeulJpr = —0.50 -

tig. 2¢. JgulJsr = 0.18,
JrulJgp = — 0.75 \ C

tig. 2d: Juu/Jpr = 0.20, , —

\uy
T

JFH/]FF = —075 5k
and S5 0 TE ~oms ot .
@ (e e MY
A, EB
| -
g—k—’i—ﬂ=/45 for all 2 an A o )
Jrr ‘ '8

The branches from 14 i fig 24, 2! in fig. 2b, 28 in fig 2¢ and fig. 2d are
degenerates. The branch number 8 lms the values between 108 and 10 and was
not drawn in the pictures.

The anthor wants to thank prof Imlm Pop for helpful discussion on the subject

( Recesved January 24, 1978)
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UNDE DE SPIN IN COMPUSII INTERMETALICI Ho,Fe,Al, ;
(Rezumat)
" Polosind metoda ecuatulor deé mugeare, se calculeazii spectrul undelor de spin in compusul

mtermetalic Ho,FegAl),. S-au obf{inut opt ramuri una acusticd s1 sapte optice Calculele numerice
an fost ficute pentru lungimi de undd man (k— 0)
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[

INSTABILITY OF CIRCULARLY POLARIZED ELECTROMAGNETIC
WAVES IN THE RELATIVISTIC ELECTRON BEAM-PLASMA SYSTEM

J. KARACSONY

v

The study of the wave instability in the electron beam-plasma system is
the subject of many investigations. However, most of these works are restricted
only to the treatment of the electrostatic instability Our aim is to examine the
stability of the electromagnetic waves propagating parallel to the beam direction
mto a relativistic electron beam-plasma system immersed in a magnetic field

In most experimental situatioms, the relativistic electron beam propaga-
tes parallel to the external magnetic field, therefore it is important to consider
this case for a theoretical study. Unlike the other papers concerned' with the
study of electron beam-plasma interaction and which neglect the self-magnetic
field of the beam, in our paper, to avoid any contradiction with Maxwell’s
equations, arising from the omission of this self-magnetic field, we will assume
that in the plasma there is a homogeneous return current. It is well-known that
an intense relativistic electron beam can propagate in the presence of a dense
plasma by inducing a plasma return current which is approximately equal and
opposite to the beam current [1—4]. In this way the seli- -magnetic field of the
system is nearly zero, but on the other hand in the unperturbed state the plasma
electrons are no more at rest, so the plasma contains a current flow

In our model, we will consider a relativistic electron beam havmg the number
density of electrons #,, and ‘the average veloc1ty of electrons v, oriented parallel
to the external magnetic field BO. This magnetic field is assumed to be oriented
along the posttive Oz axis, B, = By, (; is the basic vector of Oz-axis.) The

unperturbed plasma electron mean velocity v, producing the return current,
is onented in opposite direction to the beam electron velocity and it is equal
with — (m,,[n, )vo (o is the plasma electron density and it satisfies the con-
dition #,> n,,) The last expression for plasma-electron mean velocity results
from the current neutralization condition

_.;bo + ?ﬁo = O (1)

where ],,o and 790 denote the unperturbed beam current density and plasma
current density, respectively. Since we are concerned with high frequency oscil-
lations we will assume the positive ion at rest, they only forming a stationary
background of charge which neutralizes the unperturbed electron gas at each

point.
The stability of the oscillations can beinvestigated by solving the dispersion
relation that we will obtain in the following way.
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The- linearized .equation ‘of motion is

(vox B)](2)

a , = re volvy - ¥) e |3 1 - = 1> =
— . L] 1J — — — E —_— —
(at T % v) [‘Vl vifc? T c3(1 ——03/55)3/2] m t + c ‘v < Bo) + c
for the beam electrons, and
2+ V)= = LB 61 % Bo) + - (axB))] 3)

for the plasma electrons. In these equations the perturbed electric field, magnetic
field and velocities are denoted by E’, B’, 7’ and v. v, respectively For plane waves
of the form exp [+{w¢ — kz)] the pertmbed velocities for the beam and plasma
are: ‘

v — tevo{e — kuy) o B ' £ 4
" ralle ~ oo — ey L0 T FPalBs oo vk 4)
C teyglo — kvy) iy E R \E 5
Y et - e — e e R (0 RalB] (5)
v, = I E; (6)
, m(w — Avg)

C 1e(o + k) ke E o .
Y1z ol 1 A0 — o (o + ko) + 10, E,] (7)

! 16((‘) + kul) — ’
= - £, kv )E 8
Y1y mol(o + Avy) — of] [— s + (o + kvy) E,) (8)
vy, = —~ ___E, 9
o1 n(w + kv, ( )

In the above cxpressions o, = eByfme 1s the cyclotron {requency and

o =T =2

From Maxwell’s equations we obtain the wave equation

?E’Tb-vx(vxil)=_4ﬁw (10)
J% ot
which becomes
(Bt — V)E' — kt(k - B') = — dme(7 s+ 7 o) (11)

for plane waves. The perturbed currents ;{, and _7; are of the form

75 = — e(nv’ + njvy) (12)
75 = — elngwi + n'y) (13)
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From the continuity equations, the perturbed beam density #; and the pertur-
bed plasma density n’ are:

ny = Lo B (14)
o — kv,
and
Nehvis ~
no= ‘(10)
respectively.
Combining equations (4) —(15), we then obtain
D, D O E,
Dy D, 0 |-|E, =0 (16)
0 0 Dy, E, '
where
2 — hog) 2 Ep,)?
Dy = Dy = ik — o 4 —LETRT oo TR (17)
(0—kog) — o2 (0 + kv — @
D12 -, , "0"’ZJ_(“’— kug) T mcmi (o + kvy) (18)
(@ — ko) — w2y (@ + ko)t — o]
©l ol
Don = — 2 Bil P 19
% o+ (@ — ko)t | (o + ko) (19)

The Df, term 1n cxpression (16) is the ‘complex conjugates of D,; The electron
plasma frequency, transverse beamn frequency, and longitudinal beam frequency

are ) = 4mnefm, o | = 4mmctyo/m and wf, = Arnpoetyd/m, respectively
Since D,y = D,3; = 0 the cxpression (16) yields

2, 2
! — e Y (20)
(o — kug)? (@ + kv,)?
from Dy, = 0 and
2 2 2
. o — kvoz)i wgle + ko) _—F
(@ — kgl —wryy {0+ ky)® — of
| (21)

mcyomg j (0 — kug) mcmi(m + kv,)

+

(o — kvg)’——mzyg (@ + kvy)? — mf )

from (Dy Dy — D1nDie) = 0,
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The equation (20) is the électrostatic dispersion relation and from (21)
we obtain the dispersion relations for right-handed and respectively left-handed
polarized waves, under the following forms

mg(a) + kv,) . mgl(m — kug)

of — Re? —

=0 (22)

© + Av; — o, © — kuy, — .Y,

mg(m + kuy) . mgl(m — kug)

©?2 — k2c2 —

=0 , (23)
© -+ kv 4+ o, o — krg 4+ oY,

1 i

Both the equations (22), and (23) can be represented as
F »t eFy =0 (24)
where

mg(w + kuy)

Fp= ot — pocz — 20T
o — Ry F o,

(25)

2
Fb o Yo, (fﬂ — kuy) (26)
w — kvy F oy, .
and the upper or lower sign corresponds to the right or left-handed circularly
polarized waves, respectively.
The expression F, does not depend on the parameters of the beam and
hence the equality

. . F,=0 | (27)

represents the dispcrsion equation for the plasma waves which can be transmitted
through the plasma in the absence of the beam. The expression eF, represents
the perturbatlon produced by the beam. Since it has been ‘dssumed that #yo < 1
which is-equivalent to ¢ € 1, and if the expression F, is bounded, then for
sufficiently small values of g, the contribution of the eF 5 term to the dispersion
equation-(24) is negligible. Thus the effect of the beam is singificant only in the
neighbourhood of singularities of the expression F, Motivated by this consi-
deration, those waves will be analyzed according to the fact whether they satisfy
the condition .

. m=kvoﬂ:®;¥o+ﬂ (28)
where
] <lkvy £ owol (29)

IR

An instability occurs when Imn << 0 and |[Im= | denotes the rate of growth
of the excited wave. 3

Approximating F, in the neighbourhood of = kvo + ‘Dch by Taylor
series and retaining the first two terms in the series, we obtain:

(Fﬁ)m = kvoiw‘ovﬁn = (Fﬁ)m = By o Yy -+ n(an/&u)m = koo Y, (30)
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Inserting this expression toghether with (28) 1nto the dispersion equat1on
(24), it results::

€

7 (0F /0w), — hoako e T EF p)a = kv.:tmc'r.:F sygw;wc =0 - (31)
The discriminant of (31) is
A= [(Fpo - PR L = 4573(02,(%(?1%/3(0)0 = kos L@ (32)

In order to exist an instability this discriminant must be negative. The
expression (32) is negative if we have the following inequalities :

(aFﬁ/am)o) = Ry, L}—wc:(n < 0 . - ! PO (33)
and
[(F?)m = RUq W Yo ]. N
booto T 4eyiolo, (34)
3 [(0F p[0w), _ po, +¢°¢Y.I
for right-handed polarized waves, and
(an/aﬁ))m = hv.-—mty. > O (35)
and
UF Dy = koy— oy " ‘ S
Plo =kvy—ay < 45Y0mpm , (36)

(0F |dw)

mmkt.—-m e

for left-handed polarized waves
Since e is very small the inequalities (34) and (35) are satisfied only when

(Fg)m~kv. ﬂ:m'l’u = 0 , T * R (37)

The' expression (37) shows that the beam .electron cyclotron frequency as seen
by a stationary observer, kv, + ® Yo nust be in the immediate neighbourhood
of the roots of the equation Fy(w, k) = 0. This condition signifies a resonance
between the cyclotron frequencyrof the electrons 1n the beam and the frequency

IR

of plasma waves. ‘
Inserting (37) in the’ equation (31), we obtam for the rate of ‘growth the
following expression -

' 1/2
W:m:‘“o !

(OF p/8w)

Imn = (38)

© = kvt o Yo

the plus and minus sign corresponding to the nght or Ieft—handed circularly
polarized waves, respectively. g

We will now discuss the 1mp11cat1ons of the relatxon (33) Takmg 1nto account
the expression (25) we obtam

g roe Ty

2
[20) SR <0 ;o (39)

(& + v, — o)? ]m - kvy + 0, Ye



INSTABILITY OF CIRCULARLY POLARISED WAVES - 25

The above inequality can be satisfied only if o takes negative values,
therefore kv, + o,y, must be negative This expiession becomes negative if

V<< + C /«/k202+ o, that 1s for the beam propagatmg 10 the direction opposite
to that of B, Because the phase velocity' w/k of correspondent waves has a
negative sign, it follows that these waves will propagate m the same direction
as the beam. - -

Consequently, an electron beam may excite a right-handed circularly
polarized electromagnetic wave in the relativistic electron beam-plasma system
if the beam moves in the same direction as the wave and both propagate in the
opposite direction to that of the external magnetic freld Since the phase velocity
of the excited waves is lower than that of the beam, the physical mechanism
responsible for their excitation is the anomalous Doppler effect.. :

A similar discussion applied to the relation (35) shows that a relativistic
electron beam can excite a left-handed circularly polarized wave in the plasma
if the beam moves in the same direction as the wave, and both propagate in the
direction of the external magnetic field. The physical mechanism respon31ble
for the instability is also the anomalous Doppler effect.

o Vi .o . ' n . . ( Recesved January 26, 1978
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INSTABILITATEA UNDELOR ELECTROMAGNETICE CIRCULAR POLARIZATE IN
SISTEMUL FASCICUL RELATIVIST DE ELECTRONI-PLASMA :

; (Rezumat) e o

' Se studiazi undele electromagnetxce cu'cular polarizate in sistemul fascicul relativist de
electrom-plasmé aflat intr-un cimp: magnetlc omogen -Tinind cont de existenia curentului invers
indus in plasm¥, se determind comdifule in care pot fi excitate undele polanzate la dreaptas
cele polarizate la stinga.
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t

PROPRIETATILE STRUCTURALE SI CATALITICE ALE OXIZILOR DE
ALUMINIU PROMOTATI CU CeO,(II)

IGLIU POP, VASILE CRISAN, NICOLAE DULAMITA, RENATE GOSS, LIVIA DARABAX

i

1. Introducere. Modificirile sturcturale si’ proprietifile catalitice ale oxi-
dului de aluminiu promotat cu CeO, obtinut prin descompunerea termici a hidro-
xidului de aluminitr, depind esentlal de conch‘;ule in care s-a obtinut si s-a tratat
termlc hidroxidul de aluminiu .

' Folosind tehnica difractier de raza Xj in oxizil de aluminiu promotafi cu
CeO, s-au identificat o serie de modificari. structurale Alituri de rezultatele struc-
turale, in lucrare se mai prezintd date referitoarc la suprafata specificid i dis-
tnbuna de por in catalizatorul solid.

2. Prepararea probelor. Probele studiate de oxizi de aluminiu promotaft
cu C(_Oo, au fost obtinute prin calcinarea hidroxizilor de aluminiu la temperatura
de 823 K Hidroxizii de aluminiu au fost obfinuf1 in prezenja a 200 cm? de glicol
la tempcratura de 295 K (denumite probe cu glicol la rece) o serie, si altd serie
la temperatura de 328 K (denumute probe cu glicol la cald) substan;ele de pornire
fiind «zotatul de aluminiu si azotatul de certu [1]. In funciie de cantitatea de
azotat de ceriu utilizatd, in oxizii de aluminiu rezultati apar diferite cantitdti
de CeO, Astfel, in cele doud serii de probe cu glicol la rece si la cald, pentru
simplitate s-au introdus notatiile la, 1b si lc, corespunzidtor confinutului de
CeO, de 10, 20, 309, si analog 2a, 2b, 2c, 2d pentru concentratia de 0; 10,
20, 309, CeO,

3. Tehnica experimentald. Spectrele de raze X au fost obfinute cu un spec-
trometru tip TUR—M62, folosind radiajia Ko« a unwi anod de Cu cu lungimea
de undd A = 1,5418 A prin filtru de Ni in camera Debye-Scheerer. Indexarea
liniilor de pe rontgenogramd s-a ficut prin metoda analiticd Suprafafa specificd
st microporozitatea (5—300 A) s-au determinat cu ajutorul, 1nstalat1e1 BET .
Porit cu dimensiunile cuprinse intre 150 st 75 000 A au fost misurati'cu ajutorul
unui porozimetru cu mercur de tip Carlo-Erba (1—1 000 at) [2]

4. Rezultate si eonecluzii. Proba la cuprinde un amestec de doud faze cu-
simetrie ‘cubicd caracterizate prin parametrii de refea a = 5,41 A, respectiv
7,69 A Faza cua = 5,41 A corespunde modificirii «CeQ,, iar faza cua = 7,69 A
modificari1 yn-alunmei Iiniile intense cu indicii Miller 400 si 440, caracteristice
n-aluminei [2] apar 1a 1,92 A si 1,24 A (vez: tabelul 1)

~ Proba 1b constd tot din amestecul a doud faze cu simetrie cubici, carac-
tefizate prin parametrii de refea a = 4,67 A, corespunzitor modificatiei aCeO,
sia =28,16 A corespunzitor modificafiei nAl,O; (vezi tabelul 2).
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\ . Tabel 1 Tabel 2
109 CeO, ! 209Ce0,
Nr. | Int d[ac hkl hkl Nr Int d[A°] hkl hkl
(4% CeQ, Al,0, . CeQ, AlQ,
1 s | 28770 | 100
2 | s | 2539 300 L) s | 307933 110
3 | fff | 21013 | 211 2 | f | 20798 | 210
41 8 | 2132 320 3 | 2 0405 400
51 s igiég 300 4t 5 s 16210 | 220
8 | i 13612 | 400 | 440 6 1 14271 | 311 | 483
9 | m | 12636 610 7 | s 13117 | 320
10 | 1 Liso | ss4 | s | | 2070 631
B |5 | Lz 200 9o | s | 1131 | 410 | 711
7 69 | aray | | 467 | 816

a[4] 541

In mod analog, proba lc cuprinde amestecul a doué faze cu simetrie cubica

cu parametrit a = 5,38 A, corespunzitor modificajics «CeO, si a = 7,68

corespunzitor modificatiei 7Al1,0, (tabelul 3).

Tabloul structural al probelor din seria cu glicol la cald apare modificat
si mai complex fatd de cele cu glicol 1a rece. Proba firi bioxid de ceriu, 2a, consti
dintr-un amestec de doud faze, una cubici cu parametrul de rejea a = 7,894 A,
corespunzitoare inodificatiel 4AlLO, 5i alta tetragonali cu parametrii a = 3,2
A sic =29 A, corespunzitoare modificatiei y'Al,O; (vezi tabelul 4).

4

v

’

Tabel 3 Tabel 4
. 309%,Ce0, 09, CeO,
" -

2 A° CeO, Al,0, N . o 7AL0,
Nr | Int d[A°] — Py Nr | Int d{A°] ] YAl O;,
1 s 31759 211 1 ffs 3 4800 210

2 m 27227 220 2 ffs 3 2094 211

3 f1 2 4362 301 3 ffs 2 8839 100
4 1 2 3742 211 4 fi 2 4170 110
5 1 2.1130 220 302 5 1 2 1280 321

68 fs 2 0021 221 321 G f1 1 8200 331 111
7 fs 19297 | 400 7 s 1 6750 332

8 fs 18416 301 8 s 1 5850 430 200
9 fs 16184 302 9 1 1 4590 210
10 fs 15350 500 10 fs 14010 440 210
11 1 1 4570 400 11 s 1 3380 531

12 | s 1 4062 521" 12 | 1 12251 211
13 s '13326 503 13 1 1 1656 22
14 m 12198 620

n
15 | s 11601 622 aLA] l 7 894 l -

a[A] | 5.3 ’ 7.68
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Proba 2b cuprinde un amestec de trei faze: doud faze cu structura de
simetrie cubicd, avind parametrii a = 8,132 A si a = 4,20 A, corespunzitor
modificatiei nAl,0,, i respectiv «CeQ,, iar faza a treia cu structura tetragonala,
caracterizati prin valorile parametrilor a = 3,03 A si ¢ = 3,62 A, corespunzitor
modificatiei y'Al,O; (vezi tabelul 5). '

o ' Tabel 5
10%Ce0,
Nr Int. d[A°] 741,0, CeOq Y'ALO,
hkl hkl “hkl
1 fs 4008 200 :
2 fs 30354 | 200 100
3 is |2 6961 300 210
4 s 2 4727 311 211
5 s 21110 110
6 m 2.0429 400 300
7 i 1.8468 ' 111
8 m 18294 420 311
9 i 1 6300 430 321
10 fis 1.5267 4 400 200
, 11 fis 14999 432
12 ffs 1.4375 440 411
13 m 13104 ‘ ’ 210
| 14 m 1.1694 700 511 220
15 fs | 01084 721 521 220
af4] . 8132 .. 420 3.03
c[A] . . 362

Pentru probele 2c si 2d compozifia structurald este analogid probei 2b,
insd din cauza confinutului marit de CeO, valorile parametrilor reticulari pentru
fazele cubice si tetragonald sint diferite. Astfel, proba Z2c are parametrii a =
= 7,887 A corespunzitor modificajiei nAL,O; si a = 5,495 ‘A corespunzitor
modificatiel aCeQ,, iar a = 4,14 A si ¢ = 3,266 A corespunzitor modificajiei
v'Al,O; (vezi tabelul 6). '

Tabel 6
209 Ce0,
Nr Int d{a°] Uﬁ]ialoa (ifﬁz -Y'ALO,
L m 3.1399 111 10.0
2 fs 2.7281 200
3 f1 1.8974 410 (
4 s 1.8364 , 111
5 | & 16380 20,0
; 6 ffs 1.3974 440 400 210
7 s 1.3042 610 . 211
8 m 11717 630
a[A) 7.887 5.495 314
c[A) 3 266




1

PROPRIETATILE FIZICE ALE AhOs ACTIVAT CU CeOs 929

. In cazul probei 2d valorile parametrilor pentru: modificatiile similare sint
a = 8058 A pentru 5ALO,; a =536 A pentru «CeO, §i a =2,721 A; c =
= 3,329 A pentru modificatia y'Al,0; (vezi tabelul 7).

Tabel 7
' ' 1 (30 9% CeO,)
Nr Int d[a°) 7ALO; CeO, v'AL O,
hkl hkl hkl
1 8s 3.1322 111
2 8 2.7146 300 200 100
3 fs 2 3562 210
4 is 2.1031 110
5 {s 20147 400
6 fs 1.8956 411 220
7 fi 1.8451
8 1 1.7975 420 300
9 {s 1 6106 430 311
10 fs 1.5191
11 fs 14756 521 320
12 fs 14428 321 102
13 fs 1.3896 5§30 200
14 s 1 3054 532 410
15 {s 12811 712
16 fs 12198 622 210
17 i 11682 421
18 S + 10923 422
afA] 8.058 5 36 2721
c[A] 3392

v

Dependenta sistematici a parametrilor reticulari pentru modificatiile
structurale observate in funcfie de concentrajia adaosului de CeQ, in oxizii de
aluminiu, este reprezentati in figura 1, pentru setul de probe cu glicol la rece, si
in figura 2, pentru setul de probe cu glicol la cald.

alA)

OU'\) s | 8/’\__/"2"203
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st m;u'z% ‘ 7k

" o ' =Ce 0y

GL 5L

s} \*_’/.ue 0,

] S— N ‘ ¢ E R TR

0 20030 oo, (%) Cee 0,1%]

Fig. L I Fig. 2.
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In figura 3 este redatd dependenfa volumului celulei tetragonale de concen-
tratie in CeO, pentru setul de probe cu glicol la cald

Dependenta suprafefei specifice de concentrafia de CeO, pentru ambelc
seturi de probe este ilustratd in figura 4, pentru probele cu glicol la rece, iar in
figura § pentru cele cu glicol la cald

Variatia volumului total al porilor in funcjie de concentrafia in CeO, pentru
ambele seturi de probe este prezentatd in figurile 6 si 7

v u'\’)t
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Corelind datele structurale cu cele cata-
litice rezultd un model de interpretare al re-
zultatelor prezentate mai sus Dilatafia celulei
cristaline sau cresterea parametrilor de refea
duce la micgorarea corespunzitoare a volu-
mului porilor catalizatorilor si implicit a
parametrilor caracteristici, adica a suprafefei
spec1f1ce Aceastd concluzie este valabild
in conditiile in care prevaleazi microporii
(5—300 A) pe lingd numairul total constant
al porilor din probd (cazul cind nu apar pori
suplimentari).
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in cazul macroporilor (300—75 000 A) o dilatatie a celulei cristaline poate
duce la o transformare a macroporilor in micropori §i deci la sciderea volumului
total al porilor si concomitent la o crestere a suprafetei specifice

Suprafata specifici a modificatitlor 4A1L,O, §i y'Al,O, este mult mai mare
decit pentru «CeQ,.
In felul acesta, rezultatele obtinute de noi pun in evidenti o transtormare

a macroporilor: in micropori pentru setul de probe.cu glicol la, cald in intervalul
de concentratie de CeO, cuprins intre 0 51 109, «CeO,

Pentru setul de probe cu glicol la rece, cu concentratule intre 10 si 209,
«CeQ,, apare o crestere a paramctrului de refea pentru modificatia, nAl,0, de
la 7,69 A'la 8,16 A si o scidere a parametrului pentru «CeQ, de la’ 541 A la
4,67 A. Luind in considerare valorile suprafefei specifice de aproximativ 170 m?/g
pentru 9Al,0, si 50 m?/g pentru CeO,, in ansamblu resulti o crestere a
parametrului de rejea insofitd de o micsorare a volumului porilor §i a suprafefei
specifice. Intre concentratiile de 20% si 309 sc obtine o scidere a parametrului
reticular pentru modificatia nA1,0, de 1a 8,16 A 1a 7,68 A si o crestere de para-
metru pentru «CeO, de la 4,67 E la 5,38 A. Riamine insd preponderenti variatia
refelei pentru Al,O,. Astfel, prin contractia refelei se obfine o crestere a volumu-
lui porilor si implicit a suprafetei specifice

Pentru setul de probe cu glicol la cald, cu concentrafiile dintre 10 si 20%
CeO,, se obfine o scidere a parametrului reticular pentru modificatia 7Al,O4
de la 8,132 A 1a 7,887 A si a volumului celulei tetragonale a modificajiei yA1,O,
de la 33,2 A3 la 32,2 A3, urmati de o crestere accentuati a parametrului pentru
aCeO, de l1a 4,20 A 1a 5495 A Cu toate ci valoarea suprafete: specifice pentru
aCeO, este mai micd decit pentru modificatiile n s1 ¥* ale aluminei, in variatia
rezultantd a suprafetci specifice contributia cea mai mare o aduce «CeO, Prin
urmare, se obfine o scidere a suprafeter specifice 1 a volumulut poritor

La concentratiile cuprinse intre 20 s1 309, de CeO,, parametrul reticular
pentru 7nAl,O; creste de la valoarea 7,887 A la 8,058 A iar pentru «CeO, scade
de la valoarea 5,49 1a 5,36 A, iar volumul celulei modificajiei y’Al,Q; de la
32,2 A% la 24,6 A® Sciiderea valorilor pentru «CeO, si y'Al,O; compenseazi cres-
terea parametrului pentru AlLQO, si, deci, suprafata specifici s1 volumul porilor
cresc. Astfel se poate afirma cé probele studiate constau dintr-un amestec mecanic
de faze din modificdrn cnistaline de 5ALO;; v'ALOy i 2CeO,. In plus, parametrii
reticulari ai modificirtlor v §i v alumina se schimbi foarte mult in functie de con-
centrafia de «CeO,, obfinindu-se anomalii in dependentid de concentratie. De ase-
menea tratamentul termic cu glicol are o mare influentd, dupd cum se poate
constata din compararea datelor pentru cele doui serii de probe studiate

Corelarea datelor structurale cu cele catalitice a permis iuterpretarea in
mod unitar a datelor de suprafatd specificd §i a distributiei porilor in cataliza-
tori1 studiati

(Intrat ¢n redacpse la 2 februaris 1978)
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UN THE STRUCTURAL AND CATALYTIC PROPERTIES OF ALUMINIUM OXIDES
PROMOTED WITH CeO,(IL)

n ' . (Summary)
The relatxonshxp between structural and catalytic properties of aluminium oxides promoted
with CeO, are discissed. The model which we have done, permitted us to explamn in a unitary

way the textural measurements.
1
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STUDIUL STRUCTURAI AL, UNOR CATALIZATORI DE CeO, PE SUPORT
DE ALUMINA

IULIU POP, VASILE CRISAN, NICOLAE DULAMITA, LIA OGLARU si CORNELIA PETRUTIU

1. Introducere. Aluminele promotate cu bioxid de ceriu, sau cu oxizi ai
altor elemente de tranzijie, prezintd o serie de proprietdfi catalitice, ceea ce le
conferd posibilitatea de aplicare in diverse procese tehnologice din industria
chimici si petrochimici.

Unele schimbdri in structura si insusirile catalitice ale aluminelor obfinute
prin calcimarea hidroxidulur de aluminiu §i promotate cu bioxid de ceriu depind
esenfial de condititle in care s-a obfinut §i tratal termic hidroxidul de aluminiu.
Astfel aluminele sint parfial sau total deshidratate, agsa cum s-a mai aritat
anterior [1, 2]

Prin diuractie de raze X s-au identificat toate modificdrile structurale
survenite in oxizi1 de aluminiu promotati cu CeO,

Datele structurale objinute au fost corelate cu parametrul catalitic deter-
minat, respectiv cu valorile suprafefei specifice

2. Prepararea probelor. Aluminele s-au obfinut prin calcinarea hidro-
xizilor de alumimu la diverse temperaturi Pentru obtinerea probelor, supuse
studiului, s-a disolvat azotat de aluminiu §1 azotat de certu In api incilzitd la
328—333 K. Hidroxidul de aluminiu §i hidroxidul de ceriu s-au precipitat in
prezenja carbomatului de amoniu S-au preparat doud seturi de probe, notate
cu A st respectiv cu B.

Setul A de probe s-a obfinut prin uscare la 373 K si calcinare in curent de
aer cald. Setul B de probe a fost imbétrinit 1dsindu-se timp de 20 ore in solutia
in care s-au precipitat hidroxizii de aluminiu §i de ceriu. Dupéd imbéitrinire, pro-
bele an fost supuse unui tratament similar ca si setul de probe A, rezultind in
felul acesta probe cu concentratii diferite de CeO,, in funcfie de cantitatea de
azotat de ceriu utilizatd Din ambele seturi s-au preparat cite patru probe avind
concentratiile 2, 4, 6, 8%, CeO,.

3. Tehniea experimentald. Studiul structural al probelor catalitice inves-
tigate s-a ficut prin metoda Debye-Scherrer, folosind o instalafie tip TUR—
M62 cu radiajia K« a unui anod de cupry, avind lungimea de undi A = 1,5418
A, trecuti prin filtru de nichel. Indexarea roentgenogramelor s-a ficut prin
metoda analitici, reusindu-se i1dentificarea tuturor limiilor detectate.

Suprafata specificd a catalizatorului s-a determtnat ca ajutorul upei insta-
latii BET.

4 Rezultate experimentale si diseutii. Din tabloul de difracfie al razelor
X se desprinde un fapt esential si anume, cd modul de preparare al probelor
influenteazd asupra spectrulut de raze X 51 implicit asupra structurii probelor.
Astlel, spectrul de difractic pentru setul A de probe prezinti un numir mai redus
de linn tati de setul B de probe. Prin urmare, tratamentul de imbitrinire la

3 — Physica — 2/1978
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care a fost supus setul B de probe a determinat o scddere a vitezei de cristalizafe
si prin aceasta un grad mai ridicat de cristalizare. Asa se poate explica prezenja
numdrului mai mare de linii apirute pe roentgenogramele setului B de probe.
Pentru comparafie, la proba cu concentratia de 29, CeO, in setul A de probe
au putut f1 citite pe roentgenogrami 9 limi, in timp ce in setul B de probe 21
linii.

Datele roentgenografice pentru setul A de probe sint sintetizate in tabe-
lele 1—4, in care sint prezentate intensitéfile absolute ale liniilor de difractie,

Tabel 7 - Tabel 2
29, CeO, 4%Ce0,
o (hkl) (hkl) 96%A1,0,| (hkl) (k1)
Nr | Iot | d[A®] | Ao, | (CeOy) Nro | It TaTad ] ALO, | (CeOy)
1 1 2 4964 2921 1 5 2 4589 300
2 1 2 4187 310 2 8 2.0213 220
3 s 2.1434 229 3 i 1.8613 400
4 m 1884 | 400 4 1 18264 310
5 m 1 8265 410 5 m 1 6285 420
6 s 1 6285 311 6 8 1 4780 4830
7 m 1 4780 510 7 s 1 3400 4 11
8 s 1 3238 440 8 s 11732 620
9 8 12251 420
a(4) 7401 5702
a(A) 752 5 44
Tabel 3 Tabel 4
6% CeO, 89% CeO,
op | (k) | (uk) oy | (k) | [hu1)
Nr Int d,[A°] ALO, CeO, Nr Int. do[A°] ALO, GeO,
1 s 2 4619 300 1 fs 2 9228 200
2 s 2 1484 222 2 fs 2 594 210
3 m 2 0600 320 3 1 2 2777 222
4 m 1 8471 300 4 1 2 2240 321
5 1 1 8264 400 5 m 1.9914 400
6 1 1 8280 311 6 fs 1 8824 111
7 m 1 6180 421 7 fs 1.7996 310
8 fs 15212 410 8 m 13975 440
-9 fs 1 4822 430 9 m 1 2040 331
10 -fs 1 4662 431 10 m 12186 422
11 s 13111 4 4 4 11 8 1.0353 632
12 s 12749 122
13 | m 11685 | 520 a(d) l 7 943 574
14 s 1 1066 521
a({4) | | 7 4028 | 6 0823
marcate prin simbolurile de prescurtare 1 s foarte slab, s — slab, m — mediu,
i — intens In tabele mai sint date distaniele interplanare, indicii Miller §i

valorile parametrului reticular In aceeasi manieri sint redate $1 datele pentru
setul B de probe in tabelele 5—8.
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Tabel 5 Tabel 6
29 CeO, 4% Ce0,
. hkl hkl o hkl hkl
Nr Int, dofAc] ALO, CeO, Nr | Int, d4,[A°] ALO, CeO,
1 s 3 5060 210 1 s 3 4502 210
2 s 3.1550 211 2 1 2.5862 300 210
3 s 2 8600 200 3 1 2 4183 310
4 1 2 5684 300 210 4 m 2.1926 222
5 3 2 4164 310 5 m 2.1430 320
6 m 21294 { 320 6 fs 1.9087 --1 220
7 m 1 9496 100 7 fs 1.7083 400
8 m 17936 310 8 sd 14823 420 311
9 m 1 6500 332 311 9 sd 14139 511 )
10 m 16129 222 10 ts 13916 520
11 fs 1 4209 432 11 ts 13528 521
12 m 13827 400 330 12 sd 1 3528 4 40
13 m 13351 441 13 m 12353 421
14 fs 12941 531 331
15 s 1.2700 610
16 fs 12559 611 a(d 764 568
17 fs 12027 621 332
18 fs 1.1454 630 422
19 s 11371 631
20 s 1 0703 711
21 s 10310 721
a(d) I 776 569
Tabel Tabel 8
6% CeO, 8% CeO,
o Lkl hki o hkl hkl
Nr Int., d,fA°] ALO, CeO, Nr Int d,fA°] ALO, CeO,
1 s 3.5262 111 1 s 27158 300
2 fs 2 9297 200 2 ts 2 6534 200
3 fs 2 8387 220 3 1 2 4569 311
4 1 27007 300 4 1 2 4262 210
5 1 2 6295 210 5 1 2 2452 320 2.11
6 m 2 5623 3190 6 fs 2 0870 321
7 m 2 3064 229 7 s 2 0423 400
8 s 2160 321 8 fs 19914 410
9 s 20910 220 9 s 17494 332
10 s 2 0660 400 10 s 17004 310
11 s 1 8050 420 311 11 m 15124 4 32 320
12 3 17522 421 12 ts 1 4992 440 321
13 m 15768 431 13 fs 14143 433
14 s 14900 521 14 m 13711 531
15 s 1 4848 440 411
16 m 13238 120
a(A) 8178 543
a(4) 803 589
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Din tabele se poate constata cd in ambele seturi de probe s-a identificat
existenfa unui amestec mecanic de doud faze: faza nALO; si aCeO,, ceea ce
_justifica denumirea catalizatorului de bioxid de ceriu pe suport de alumini.
Se vede de asememnea cd valorile parametrilor reticulari pentru cele doui faze
se modificd in funcfie de continutul de CeO,. La concentratii mici influenta
adaosului de CeO, se reduce numai la variatii ale parametrilor reticulari, in timp
ce la concentratii mari, pe lingd acest efect, mai apare alituri de modificatia
7nAlL,O; si modificajia y'Al,O4 sub influenta unor tratamente diferite, cum este
cel cu glicol la cald.

Aparitia fazelor nAl1,0; 51 «CeQ, se explici prin diferente foarte mari intre
razele ionice, aluminiul avind raza ionici de 0,57 A iar ceriul de 1,08 A Avind
raza mai mare, ionul de ceriu nu poate ocupa pozitile tetraedrice vacante din
reteaua spinelului %Al,O,, si nici nu poate substitui ionul de aluminiu din refea
pentru formarea unui compus sau a unei solujii solide.

Variatiile observate in valorile parametrilor reticulari pentru cele doud
faze, in functie de continutul de CeO,, pot fi totusi corelate intr-un anume mod.

Reprezentind grafic dependenta parametrului reticular pentru nAl,O4 de
concentrajia CeQ,, aga cum este redat in figurile 1 si 2, se vede ci aliura curbelor
pentru cele doud seturt de probe A si B este aseminitoare.

(&) \ a(A)
T A g 8.2} »
78f 80}
76 78F
A 726
rr J
sr t
sl 58f
S6F / 506+
1. il ) L ° 1 . 2
2 4 6 8CCe02 (%] . 2 L 6 8 Cceoylwl
Fig. 1. Fig. 2.
(m?) ‘} Dependenta parametrului reticular pen-
8 tru 7mAl,Oy prezintd un minim la concentratia

300+ de 49, CeO,, in timp ce pentru «CeO, are un
maxim la concentrafia de 69, CeO,.

£8,m! Dependenta valorilor suprafefei specifice
G pentru setul A de probe, redati in figura 3,
28 in funcfie de concentrajia de CeQ,, este in buna

240p concordanti cu dependenta parametrului reti-
cular de concentratia de CeO, prezentati mai
A sus. Aceastd concordanfi duce la concluzia
2 4 6 B Cceop[% i suprafaja specifici si parametrul reticular

Fig. 3. al modificatiei nA1,04 se pot corela prin con-
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centrajia oxidului elementuhn de tranzijie. Contractia refelei cristaline in
domeniul concentrafiilor 2—69/, CeQ, concordd cu cresterea suprafefer speci-
fice a catalizatorului. La 69, CeO, parametrul reticular al 3Al1,0, prezinti un
minim, in timp ce suprafaja specifici prezintd un maxim. Dilatarea retelei
cristaline pentru 7Al1,0, implici o micgorare a suprafefei specifice a ca-
talizatorului.

Prin urmare, introducerea bioxidului de ceriu in alumind i imprimd acesteia
proprietdti catalitice remarcabile, firi a produce modificiri structurale radi-
cale, efectul concentratiei repercutmdu—se asupra valorii suprafefei specifice a
catalizatorului.

(Intrat in redacise la 4 februarse 1978)
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STRUCTURAL PROPERTIES OF ALUMINA PROMOTED WITH CeO,

(Summary)

The structure properties of aluminium oxides promoted with CeO, 1n low concentration, are
sensitive to the preparation method and CeOQ, concentration
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CONTRIBUTII LA STUDIUL PROPRIETATILOR MAGNETICE ‘SI
TERMICE ALE SISTEMULUI 50% Cr,0,—50% SnO, (ECHIMOLAR)

A. NEDA, M. MATHE s 0. POP

Introducere. Proprictdtilc maguetice, electrice st termice ale sistemulut
Cr,0,—Sn0, au fost studiate detaliat in lucrdrile [1, 2, 3, 4] Din punct de
vedere magnetic s-a precizat ci, in cazul compusulut Cr,O,, in afard de anomalia
corespunzitoare temperatuiii de tranzifie ordine-dezordine, situatd in apropic-
rea temperaturii de 314 K, susceptibilitatea magnetici mai depinde anomal dc
temperaturd pind la aproximativ 600 X Latempceraturt mai inalte comportaiea
magneticd corespunde unci stiri paramagnetice normale Masurdtorile privind
dependenfa de temperaturi a coeficientulur de difuzivitate termicd, in cazul
fiecdrui compus al sistemulwr x(Cr,O,) + (1—x)(Sn0,) (pentru x # 0) au pus
in eviden{d o comportare anomald in jurul temperaturi de tranzifie semnalate
mai sus. La temperatura amintiti panta curbei de variafie a coeficientulu1 de
d1fu21v1tate termicd in functic de temperaturi suferd o schumbare pronunfatd
[3, 4]. In cazul probei de Cr,0,, care este antiferomagnetic, peste temperatura
Néel (314 K), dependenta coeficientului de difuzivitate termicd de temperatura
este anomald, prezentind minime §i maxime, fapt ce aratd cd nu s-a stabilit incd
o fazd paramagnetici normali Corellnd aceasti constatare cu cea refanitoare
la dependenta anomald a susceptibilititii magnetice, s-a tras concluzia ci ordinea
la distantd a fost distrusd la tomperatura Néel, dar ordinea apropiatd sc mai
menfine inci pind la 600 K Acest rezultat estc in bun acord cu datele 1elative
la dependenta de cimp a susccptibilitdtii magnetice [5].

Studiind proprietatile termice (coeficient de difuzivitate termici si caldurd
specificd) ale sistemulur x(Cr,0,) + (1—x) SuO, (0<x<1), pentru x =0,5
s-a obfinut o dependentd singulard in functie de temperaturd

Coeficientul de difuzivitate termicd a fost determinat prin metoda 1mpulsu-
lui de cdldurd [G], 1ar cildura specifici cu un calorimetru adiabatic [7]

Rezultate experimentale si diseufii. Pentru proba 50% Cr,0; -+ 50% SuO,
variatia coeficientului de difuzivitate termici (curba a) si a caldurii spec1flce
(curba b) cu temperatura este prezentatd in figura 1 Urmdrind vanatia in func‘;1e
de temperaturd a coeficientulu1 de difuzivitate termicd, se poate constata ci in
intervalul de temperaturd 180—205 K apare un minim §1 un maxim local. Peste
temperatura de 210 K variatia coeficientului de difuzivitate termicd cste ase-
ménéitoare cu cea a oxidului Cr,O4 [4] Aproximativ pind la 310 K, temperaturd
foarte apropiati de temperatura critici Néel, coefictentul de difuzivitate termica
scade monoton, iar peste aceastd temperaturd prezintd o dependenjd anomald
cu minime §i maxime

In lucrarile [3, 4] s-a demonstrat ci in sistemul Cr;O;—SnO, conduciia
termicd este pur fononicd, iar schimbarea pantei de variafie a coeficientului
de difuzivitate termici este cauzati de modul diferit de impristierc al puita-
torilor energiei termice pe magnoni, in starea magnetic ordonatd fatd de cca
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dezordonats. In felul acesta se poate trage concluzia ci anomalia semnalati la
temperatura de 310 K, apare datorita tranzijiei de fazi magnetici

Comparind variajia cu temperatura a cildurii specifice si a coeficientului
de difuzivitate termicd, se constati cid temperatura la care apare saltul (picul)

in cdldura specificd coincide cu temperatura (cca 180 K) la care apare minimul
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Fig 1

semnalat al coefictentului de difuzivitate termicd Aceste comportdri denota
o tranzitie de fazd la aceasti temperaturi, saltul cdlduri specifice fiind ceracterns-
tic uner tranzitii de fazi de speta a IT-a

In conditiile noastre de preparare a probelor si la raportul echimolar de
amestecare existd posibilitatea aparifiei combinatiei chimice Cr,Sn,O, [8] Daci
randamentul reactiel ar fi ideal, proba ar contine un amestec mecanic de 509,
mol. Cr,0, st 50% mol. Cr,Sn,0, Intr-adevir, din misuritori electrice si ter-
mice [2, 3] rezulti cd domeniul solutiilor solide este foarte ingust, astfel solutia
solidd pe bazd de Cr,O4 se limiteazi la cca 1% molar de SnO,, iar cea pe bazi
de SnO, la aproximativ 2% molar Cr,0; In restul domeniului de concentratie
existd numai amestec mecanic de doud faze.

Oxidul Cr;O, ecste antiferomagnetic, avind momentele magnetice compen-
sate. Valoarea momentului magnetic pentru Cr?+, determinat prin misurdtori
de susceptibilitate magneticd, este de 3,84 y, foarte apropiatd de valoarea teore-
ticd (3,872 pp).

in lucrarea [2] se afirmi ci odati cu introducerea SnO, in Cr,O; pe lingd
ionii de Cr3+ apar i ionii Crt+. Astfel, este posibil ca in compusul Cr,Sn,0, momen-
tele magnetice si fie necompensate. In favoarea acestei afirmatii se poate cita
lucrarea [9], in care se aratd ci in proba avind concentratia de 509, mol. va-
loarea momentulul magnetic este intermediari, (3,66 wp), intre valorile teoretice
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obtinute pentru Cr2+ (3,8 up) st Cré+ (2,88 pj). Aceastd constatare atestd prezenia
ionilor Cr¢+.
Presupunind ci in timpul preparirii probei are loc reactia

2(Cr,0,) + 2(Sn0,) = Cr,Sn,0; + Cr,0, (1)

si luind in considerare ci pentru momentul magnetic al probet s-a obfmut va-
loarea de 3,66 p, [9], se poate calcula valoarea momentului magnetic pentru
Cr,Sn,0,, cu relatia

Menp = \/fl -3+ fo - mi, (2)

in care: f; §i f, reprezintd fractiile molare pentru Cr,O; st Cr,Sn,0, (f; = f, =
= 0,5), in amestecul rezultat, m, si m, valorile medii ale momentelor magnetice
pentru un ion de Cr in Cr,0,, respectiv Cr,Sn,0, Utilizind aceastd formuld, se
obfine m, = 3,15 py. Pe baza acestel valori s-au determinat fracfiile molare
ale ionilor Cr3+ (f]) si Cré+ (f5) in amestecul de concentratie 509, folosind relajia

My = Vf{m&% + £ Mmest, (3)

unde: mc2+ §i mya+ reprezintd momentul magnetic pentru un ion Cr3*
(3,8 1.p), respectiv Cré+ (2,88 wy). Calculate astfel, pentru fractiile molare se obfin
valorile f] = 65,89, respectiv 34,29.

In aceastd idee considerim ci tranzifia de fazi semnalatd in jurul tempera-
turii de 180 K este o tranzitie de {azi din starea ferimagnetici in cea paramagne-
ticd pentru Cr,Sn;0,. Utilizind datele cxperimentale refeiitoare la coeficientul
de difuzivitate termicd §i cdldurd specificd, respectiv densitate, s-a determinat
valoarea coeficientului de conductibilitate termici cu relajia

A=C-a-p, (4)

unde C — reprezinti cildura specificd, a — coeficientul de difuzivitate termica,
iar p—densitatea Variatia coeficientului de conductibilitate termici in functie de
temperaturi este datd in figura 2. Se constatd cd aceasti mirime in vecindtatea
temperaturii de 184 K are o valoare minimd. Comportéri asemindtoare au mai fost
observate in cazul oxizilor ferimagne-
L3 sms <) tici, la temperatura ordonirin magnetice,
de cétre autorii lucririlor [10, 11]. Ace-
astd constatare vine in sprijinul ipotezei

2,54 noastre.
. Urmirind figura 1 se poate cons-
~. tata ci, peste temperatura de 200 K,
\/ / N varniajia coeficientului de difuzivitate
~ \ termicd este asemidndtoare cu cea obtfi-

nutd pentru Cr,0, [4]. In felul acesta,
presupunem ci in cazul probei cu con-
centrafia 50% avem un amestec mecanic
by — e de compozifie stabilitd cu relajia (1) si

deci apar doui tranzifii magnetice La
Fig. 2, temperatura de 180 K apare tranzifia

2,04
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de fazd din starea ferimagnetici In cea paramagnetici pentru compusul
Cr,Sn,0,, iar in apropierea temperaturii de 314 X, din starea antiferomag-
neticd In cea paramagneticd pentru Cr,O,

Coneluzii. Din studiul dependentei de temperaturd a coeficientulur de
difuzivitate termicd, a céldumi specifice $1 a coeficientului de conductibilitate
termici pentru proba avind concentratia 0,5 Cr,O, +4- 0,5 Sn0O,, rezulti douid
temperaturi de transformare magnetici (180 K, respectiv 310 K). Considerind
ci acest compus este un amestec mecanic format din Cr,Sn,0, si Cr,0,, s-a aritat
cd temperatura de 180 K corespunde tranzitier din starea ferimganeticd in cea
paramagnetici pentru Cr,Sn,0O,, iar temperatura de 310 K tranzitiei din starea
antiferomagneticd in cea paramagnetici pentru Cr,O,

(Intrat in redacjiec la 2 februarie 1978)
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ON MAGNETIC AND THERMAIL, PROPERTIES OF 50% Cr,0,—50%Sn0, COMPOUNDS

(Summary)

The temperature dependence of thermal diffusivity, thermal conductivity, and specific heat
for sample 509, Cr,0, 4+ 509% SnO, were investigated Two critical temperatures were obtained
(180 K and 310 K). Supposing that the investigated compound represents a two-phasic mixture
formed from Cr,Sn,0, and CryO,, 1t 1s pomted out that 180 K corresponds to ferrimagnetic-para-
magnetic transition, for Cr,Sn,0,, 310 K bemg the Néel temperature of Cr,O,
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THE DOPING OF NaCl—TYPE SINGLE CRVYSTALS
WITH PARAMAGNETIC IONS

AL. DARABONT, P. FITORI and AL. NICULA

Introduction. The growth of NaCl-type single crystals with iron group
paramagnetic ions presents a special interestin the studies of the paramagnetic
ion-vacancy associations by the magnetic resonance absorption method, and
in the problem of the elucidation of the mechanism and the parameters of the
mtrinsic conductivity.

There are many papers about the iron group paramagnetic ions doped
in alkali halide single crystals Some of them are still intended to elucidate the
growth mechanism of these crystals with paramagnetic ions

The present work deals with the growth of the NaCl single crystals with
Mn2+ —, Fe3*—, Cu?t — and Ni2* — ions, as paramagnetic impurities, using
the following methods crystal growth from solution by evaporation procedure,
fiom melt by the Czochralski-Kyropoulos technique, zone melting technique
and impurification by diffusion These methods used by us are described in the
special reference materials and to enumerate all of them would not be practically
possible here. We are guided by the works [1,2,3,4,5,]. The existence and the
valcuey of the paramagnetic ions in the samples were controlled by the EPR—
method and chemical analysis The EPR measurements were carried out by
means of an ESR—spectrometer of JES—3B type in X—Dband

Experimental results. 1 NaCl‘ Mn?+ system * To obtain this system we
have used the same growth procedures which were described in the papers [6,7,8,9]
and we have also observed that the EPR—spectrum of the Mn?+ ion was not
resolved completely when the crystal was not anncaled, a fact we have met in
the papers [8,10,11,12]. Mn** ions agglomeratc at the crystal defects and for
ths reason the spectrum remains unresolved The elimination of the agglomerates
and the resolution of the resonance spectrum can be done by annealing the crys-
tals, that 1s a heating up to 400—500°C and a subsequently cooling to the room
or liquid mitrogen temperature But the resolution of the spectrum disappears
1 time because of the reformed Mn2?* ion agglomerations at the lattice defects
This reformation process takes place — at room temperature — in a couple of
days .
To increase the stability of the Mn?+ 1ons diffused in the lattice we have
introduced these ions simultaneously with the Fe®* 1ons The paramagnetic re-
sonance spectrum of the Mn%+ and Fe3+ 1ons doped simultaneously in NaCl single
crystal shows a broad line with a factor g = 2,009 4 0,007 due to the agglomera-
tion which contains Fe?+ and the resolved spectrum of the Mn?®*+ jon supertmposed
on it [13], these ions are in substitutional positions of the cubicsymmetry [13].
Thfol(;{on“ and Fe+ ions were doped in NaCl single crystals by diffusion at 360—
— C

2. NaCl Fe3t system In connection with the growth of the alkali halide
single crystals with iron impurities there are indications in [6,9, 21] In these
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papers it is also analysed the EPR absorption Andrews and Kim [14] givea
resonance spectrum for Fe3+ in NaF obtained by X-ray irradiation of the crystal.
They do not indicate the crystal growth and doping procedures

We have proposed to study the impurification procedure of NaCl with
Fe3* and then to identify by the paramagnetic resonance method The tests
used to obtain single crystals of NaCl with Fe®+ by crystal growth {rom solution
by evaporation procedure or from melt by the Czochralski-Kyropoulos technique
in argon atmosphere were not successful We consider that in the first case the
iron ion is absent from the samplcs but 1n the sccond case, if 1t is present, it 1s
in the Fe?* state due to the decomposition of the TeCl; (440°C) To avoid the
decomposition of the FeCl; we have resorted to the impurification by low tempe-
rature diffusion method (801—360°C) for 3—4 months For this we have used
little pure NaCl single crystals and FeCl, purified by repeated sublimations
which were closed together in a quartz tube at a vacuum about 1075 mmHg
Besides the diffusion method we have tried the growth of the crystals in chlorine
atmosphere by zone melting technique From these crystals we kept homoge-
neous crystals about 5 X 5 X 8 mm?® The crystals obtained by both methods
had a light ycllow-brown colour These crystals give a paramagnetic rcsonance
spectrum at room temperature and at the liquid nitrogen temperature too, which
consists of a broad limme without the fine structure with factor g = 2007 +
+0.006 and 114 4+ 6G linewidth due to the Fe?* agglomeration at the lattice
defects. The chemically determined iron concentration 1s about 0 0179, in weight
for crystals impurified by diffusion.

NaCl Cu®* systesn To obtain this system we tried the Czochralski —
Kyropoulos technique in argon atmosphere adding anhydrous CuCl, to the melt
The crystals obtained in this way have not presented paramagnetic resonance
spectrum we consider that the copper is present in the sample in Cut state
as CuCl, decomposes to CuCl and Cl, In order to avoid this we have resorted
again to the zone melting giowth in chlorine atmospherc The crystals obtained
in this way present a light yellow colour The average copper concentration in-
dicated by the chemical analysis was about 0 05%, in weight These crystals give
paramagnetic resonance spectrum at room temperature as well as at the liqud
nitrogen temperature only after their annealing The annealed samples present
a paramagnetic centre with tetragonal symmetry having its symmetry axis paral-
lel to the cube edge ([100] direction) The g — valucs determined from the line
positions are. gy = 2.298 - 0.004 (for the centrcs with symmetry axes parallel
to the applied magnetic field) and g; = 2 058 - 0 004 (for the centres with sym-
metry axes perpendicular to the applied magnetic field) The complete paramag-
netic resonance study of this system constitutes the subject of papers [15,16]
The isolated Cu?* 1ons produced by X — rays or Co — y-rays were studied in
single crystals of NaCl by Borcherts etal [17], in single crystal of LiCl
by Pilarow and Stevenson [18]. Abe et al [6] studied the EPR spectrum
of copper 1n polycrystalline NaCl

NaCl N2+ system For this system we have used the same technique as
for the NaCl-Cu?* system The Czochralski-Kyropoulos techmque was unsucces-
sful as the NiCl, has been separated from the crystal during the growth or the
nicke] was present 11 a monovalent state in the NaCl Positive results were ob-
tained 1n this case also by the zone melting techmique in chlornne atmosphere
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working with NaCl and anhydrous NiCl, mixture The crystals obtained in this
way were coloured in yellow-violet. The violet colour was accentuated by the
annealing of the crystals at 550°C. The chemical analysis indicates an average
concentration in nickel about 008 9 in weight The paramagnetic resonance
spectrum we have got at 77°K for this system gave a single line with 120 4- 6G
width and has a factor g = 2245 4 0006 The crystals did not present a para-
magnetic resonance spectrum at room, temperature even if they were annealed
All our measurements were carried out 1n 500—10 500 G range. In this range we
have not observed other lines for Nit+, as it was indicated in [19] which studied
the EPR of Ni%* ions in AgBr. Other EPR studies are found for Ni?+ ion doped
in alkali halides in papers [6,9,20]

Conclusions.

1. All the methods uscd by us w1 order to obtain impurified NaCl single
crystals : crystal growth from the solution, form the melt, zone melting, impuri-
fication by diffusion give positive results for Mn?+ ions.

2. In the case of the Fe?t only the slow diffusion for 3—4 months and the
zone melting technique in chlorine atmosphere give positive results.

3 For the Cu?* and Ni2+ only the zone melting technique in chlorine at-
mosphere was successful The diffusion method was not tried for Cu?* and
Ni2+ cases

QOur second and third observation confirm that Fed+, Cu®+, Ni?+ states of
the added impurity 1ons are promoted by the presence of the chlorine atmos-
phere. The fact that the valency of the impurity ions depend critically on the
chlorine pressure surrounding the crystal it is easy to understand if we apply the
mass action principles for the chemical equation -

IMCl, & 2MCl + Cl,

where M stands for the metal 1n question. It follows that a high external chlorine
pressure will favour the oxidation of the metal to the oxidized state from the
1educed state This fact has been also observed in the case of silver halides and
other metal oxides [3]

( Recesved Februmy 4, 1978)
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DOPAREA MONOCRISTALELOR DE TIPUL NaCl CU IONI PARAMAGNETICI

(Rezumat)

Aceastd lucrare prezintd conditfule de dopare ale monocristalelor de tipul NaCl cu 1onj

paramagnetict ca Mn*+, Fed+, Cult 51 Nitt+ A fost utilizatd metoda RES pentrn controlul prezen-
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SUPERHYPERFINE INTERACTIONS IN KDP: Cu?** SINGLE
CRYSTALS

AL. NICULA, M. PETEANU and C. HAGAN

1. Introduetion. As it is known, KH,PO, (KDP) belongs to the hydrogen-
bonded ferroelectrics The structural studies performed on KDP single crystals
and its 1somorphs reveal a tetragonal lattice structure at room temperature
(paraelectric phase), which changes in an orthorombic one below the Curie tem-
perature (123°K) The basic units in this structure are the PO, tetrahedra dis-
posed in a diamond type lattice, connected by hydrogen bonds of about 2 48 A

Structural analyses by means of X rays (West [1], Frazer and
Pepinsky [2]) or neutron diffraction (Bucon and Pease [3]) gave
the KDP lattice unit cell constants in paraelectric phase, as bang a=b=743 &
and ¢ = 6.94 A, The four molecules composing the unit ccil are spatially dis-
posed in such a manner that each potassium ion 1s surroundcd by eight oxigen
atoms, distributed in iwo almost regular tetrahedra (S; symmetry) having a
common weight center, occupied by the potassium 1on The dimensions of these
two tetrahedra being different (K—O distances are 2.82 A and 289 A respecti-
vely) it results, from a crystallographic point of view, two unequivalent s.tes
for the potassium atoms [4].

KD?P crystals do not exhibit electronic paramaguetism Therefore, para-
magnetic centers must be artificially induced by doping these crystals with
transition elements 1ons, or by wrradiating them with X or gamma rays. Conse-
quently we used the 1onic impurifying method, by controlled doping of Cu?*
paramagnetic ions mto the KDP host crystals

2. ESR spectra of Cu2+impurities in KDP. In order to study the peculiar-
ties of the ESR spectra due to Cu?* 1ons in the KDP crystal lattice chosen for
magnetic dilution, we have grown single crystals from an aqueous KDP solution
containing 5 mol %, cupric mitrate, Cu{NO;), - 3H,0 The growth was stimulated
by using phosphoric acid, H;PO, of 20 mol 9, against KDP The temperature
ot the solution was kept constant to be 25°C for prevent the crystals stressing
and to assure a untform growth of them. As result, we obtained platelike, color-
less and transparent single crystals of about 2 X 1 X 5 mm

The &SR spectra rccorded 1n paraelectric phase, at room temperature,
for H//c show the existence of two unequivalent positions of the Cu®* 1ons in the
host lattice, for each one corresponding a four-lines-group 1n the spectrum. This
is due to the hyperfine interaction between the 3d electrons and the cooper nuc-
lear spin, I = 3/2 The spectra corresponding to these two positions are A and
B in figure 1 Further, the A spectrum lines are splitted into equidistant compo-
nents

By rotating the crystal mn the ac (or bc) plane, we noticed that more we
depart trom the ¢ axis the spectrum A becomes more complicated, each line being
splitted in four groups of signals, these indicating the unequivalence of the A
type positions too. This situation 1s clearly plotted in the angular dependence ot
figure 2. One can also observe a deviation of the z axis of the paramagnetic center
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Fig 1 ESR spectrum of KDP Cu?+ crystals recorded for a H | | ¢ direction

from the c axis of the single crystal, the resonance spectia having maximum ot
their extention in the angular dependence at a position at about 23° against the ¢
axis Taking into account the lattice symmetry (tetragonal in paraelectric phase)
one can explain the unequivalency of the A type sites by four possible directions
of their bonds in the crystal lattice [5] The presence of groups of resonance sig-
nals, therefore an additional structure of the spectra, proves the existence of
some interactions which must be taken into account tor a complete understan-
ding of the spectra Otamni and Makishima [53]explained this additional
splitting by means of the isotopic effect, both Cu® and Cu% having I = 3/2,
and of slight misorientation of the crystal

The isotopic effect appears clearly in our spectra too, but as presented in
fig. 8 for the H//a (or b) direction, it is visible especially at the bordering lines
of hyperfine structure, the hyperfine coupling constant values characteristic for
the two isotopes not differing very much In fact, tor the above-mentioned spec-
trum, we estimated for the B type ccnters the values A® = 13509 x 10—
em™ and A% = 1475 X 107" an™! m good agreement with the magnetic
moment values (in multiples of the nuclear magneton) u%® = 2 2206 and n8 =
= 2.3790. We have chosen the B centers spectrum for estlmatiug the hypertine
coupling constants of the two isolopes because of their sumplicity compared to
the A type spectra Of course, the isotopic effect is identical 1n the case of the A
centers, but cannot explam the additional splitting of the central lines in the
hyperfine transitions group

Having in view the additional splitting typical for all the hyperfine transi-
tions of the four superposed spectra due to the four unequivalent A type sites
(fig. 1) and the tact that these lines are split in groups of signals almost equidistant
we arc able to explamn this structure by means of the superhyperfine interac-
tions between the paramagnetic 1on and the phosphorous nuclei (I = 1/2) trom
the neighbouring tetrahedra For a H//c positionof the crystal, when the four
directions of the possible partial directions for the A type centers bonds are equi-
valent, that is their speetra coincide, remain visible only the hyperfine structure,
1sotopic effect and the superhyperfine interaction in the spectrum. The borde-
ring groups of transitions have more peaks than the central ones because of the

1sotopic effect.
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Fig. 2 Angular dependence of the ESR signals by rotating the KDP crystal m the resonant

cavity, the magnetic static field lies in the (ab) plane.
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. Fi1g. 3 ESR spectrum of KDP . Cu?+ recorded for a H | | a direction.
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The B sites spectra, whose angular dependence .is also indicated in fig 2,
show the occupation of almost uniaxial field sites, the z axis of the paramagnetic
center being nearly parallel to the a (orb) axis.

The resonance spectra gave us the possibility of evaluating the experimental
values for the g factors and hyperfine coupling constants. These values are ta-
bulated in Table 1, compared with other experimental values of already published

papers.
Table 1
Ay Ay Al
Substauce gl gy (x1074em™) | (x10~%cm™?) | (x10~%em—) | =&
A | 2364 2 080 142 19 —
KDP :Cn - - -1[81
T sk B ] 2340 2072 145 20 —
- TSI '
KDP : Cu 2388 2 060 1148 5 191 - [6]
- - _ 1496 (@c '
Cu[S,P(OC,H,),T, 2085 | 2025 | a0 E”CB | 32,5 96 7]
Cu[S,P(OC,Hy),l, .| 2081. | 2024 | 1467 , 26'5 85 [8]
C ,
A | 23326 | 20655 | 12036 - 2304 8.8
. * of o, LI . y N our
EDP Cu ; - paper
‘ 135.09 (%Cu) (0]
, B | 28151, | 20648 | 135w 18.11 -
} [ ] s ' . -
4 — Physica — 2/1978 o
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3. Theory. Taking into account that Cu?* ions substitute for K+ in the
host lattice, we must consider its effect in rearranging the PO3—, ions in such a
manner that every Cu?+* ion to be octahedrally surounded by six oxigen atoms
[6]: four of them almost tetragonally in the (ab) plane, and other two above and
below the (ab) plane respectively, at the same distance from the K+ ion. The
ionic radius of Cu?+ being O 54 times smaller than that of X+, it tends to take
an octahedral coordination with six oxigen atoms This would explain the fact
tbat ESR spectra show the effects of an axial crystal field of symmetry higher

than C,.
The features of the resonance spectra which have a strong axial charactcr,

may be described by using the spin hamiltonian
76 = gl/pHSz + g_LB(SxI‘I, + SyHJ') + A/II.'.S: + A.L(Irsv _i- Iysy) (1)

The angulair dependence for the ESR transitions characteristic for the
Cu?* ions, may be described by

A2 Aﬂ K 1 Az __Az 2 g2 2
v = gBH + Km + 4—;{3%(—';;——\—) [I{(I +1)— m2]+"g€]—l ( ”1\’2 'L) ( ';j"')-
+ 0 -1} L]

o \2
- m? sin?fcos?6 +- %Qz sin26cos? 6 (%—LMJ m [8m* + 1—4I{141)] +
2g2

2 soapgfALeLt — 2 me 2
+ 2 sin e( L 200+ 1) = 2t — 1] (2)

where
¢ = gf| cos®0 4 g7 sin?0

K2g = A g} cos*d + A} g7 sin®d

Using the ESR spectra recorded for H [/ a and H // ¢, that is the transi-
tion field values into equation (2) written for 6 = 0° and 6 = 90° respectively, we
obtained theoretically the spin hamiltonian constants These values are-

Q =1735 x 10 cm™
Aff= 10156 x 10~% cm™ 3)
Ay =17.54 X 10~4 cm™

The discrepancy between them and those already given in Table 1 is caused by
the fact that the experimental values are the field separations between the ESR
central lines of the hyperfine group and would correspond in first approximation
to the hyperfine coupling constant only if the transitions equidistancy would be
rigorously respected Because the line separations are gradually increasing we
had to use theoretically a higher order of approximation

The additional splitting observed in the A type spectra we attribute to
the superhyperfine interactions of the electron spin with the neighbouring ions
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nuclei. The equidistancy belween the signals of such a

group (fig. 4) supports this statement. Consequently the
spin hamiltonian will contain the term

B = 2, SARI, (4)

corresponding to these interactions In (4) (S is the :::) Ep- ‘f)f Sli‘;fhgggﬁ;
electronic spin 1/2 of Cu?* ions, A% 1s the superhiper-  typical characteristics for

tine interaction temsor with the n-th phosphorous shf interactions.
nucleus, and I = 1/2 the nuclear spin of this.

1t is easy to observe from the angular dependence (fig. 2) that the superhy-
perfine interaction is isotrope, having the coupling constant A = 8.8 X 10~%cm™2.

Our statement regarding these interactions is supported by the similarity
of our spectra recorded for H//c, when site unequivalents are eliminated, and
that characteristic for copper diethylditiophosphate [7], [8], where Cu-P inter-
ractions are not doubted. The spin hamiltonian parameters reported in [7] and
[8] are in good agreement withthose obtained by us (Table 1) These arguments
seem sufficient to us to consider superhyperfine interraction as explaining quite
well the structure of our spectra.

{ Recesved February 4, 1978)
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INTERACTIUNI SUPERHIPERFINE IN MONOCRISTALE KDP . Cui+

(Rezumat)

Lucrarea prezinti concluziile obfinute prin RES in identificarea diverselor tipuri de pozifii
neechivalente ocupate de ionin Cu?+ in reteana monocnstalelor de KH,PO,. Se explicd structura
spectrelor de rezonanti pe baza interacfiumilor de tip hiperfin, a efectului izotopic $1 a interacfiu-
milor superhiperfine cu nucleele %P,
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THE FERROLLECTRIC PHASE TRANSITION IN THE @3-{;@4—MODEL (I

M. CRISAN, D. URSCHITZ, AL. ANGHEL

1. Introduetion. The theory of the second order phase transitions was
recently developed by Wilson using the ¢@*—model. The presence of the
g®—term plays a crucial role in the Landau theory of phase transitions and
up to now it is not clear what the role of the cubic term is.

Alexander [1] pointed out that the second order phase transition
is possible in the 3 + ¢! model, using the Ginsburg-Landau theory. A more
sofisticated theory was developed by Alexander and Amit [2] for this
model the main result of this paper being the existence of the critical point
in the first order phase transition. This critical point ,,seems to be” the isola-
ted Landau point which may exist in the first order phase transition. Such
a problem was treated by Lubensky and Priest [3] in connection with
the phase transitions in the liquid crystals, but the model is also a good one
for ferroelectrics as SrTiO, [4]. In these papers as well as in [5] the RNG
method which was used, poiuted out the possibility of the phase transition
in 4 — € —dimensions. However there is a pownt in which all the calculations
performed in [3—4] fail, namely if the bare interactions Vg respectively U,
are taken zero the recursion relation and the dimensions are not identical with
those of the ¢® or ¢* pure models.

We believe, that in 4 — = dimensions which are considered by Ale-
xander and Amit [3] the model is correct for a small value of U In
the language of the perturbation theory Crisan and Anghel [5] used only a
class of dyagrams (divergent in 4 — €) to analyse the Vy¢® + U,9* model.

The purpose of this paper is to use the Wilson [7] recursion relation
method in order to analyse the ¢* + ¢*—model.

Alexander and Amit [3] started this problem using the field theo-
retical method given by Biezin et al. [6] However it is our intention to
get correct recurrence relation. More exactly, we look for such recursion rela-
tions that if we consider U,=0 we get the recursion relations for ¢®—model
and if U, == 0 we should obtain the recursion relations for ¢*—model

Before we apply the Wilson recursion relation we are going to analyse
the model in the Ginsburg-Landau theory in section II.

II. The Ginsburg—Landau Theory. The free energy of the Vyp® 4 U,0?
model is

F(p) = ro* + Vig* + Uyp* (1)
and in this relation we write down ¢ as

o=+ @
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Using (1) and (2) we get for ¢ the value

V.
! = — 3
b 0 3

if the cubic term is eliminated from the free energy. The free energy (1) beco-
mes

V.
- - 4
F(0) = C(Vy, U) — (2 — ;3 @ + |1 (4)
and the phase transition appears if the ”effectlve external field”
V. V2
Hy =22 — 2 5
g 4U4( g 2U¢] ©
is zero, then
Vy=0 (6.a)
Vi
= (6.b)

The relation (6.a) will give the usual ®*theory and (6 b) describes an ordered
phase
if

r=r,<0 (7)
The next case is much more interesting; indeed if (6b) is used in (4) we get
F(®) = C(Vy, V) — = @ U0 ®)

and this Hamiltonian describes a ®!—imodel with the ordered phase if
9
w‘ Ll )

In this case there is a new critical point defined as
'Vz
= || (10)

w,

for Vg #0 and V, # 0.

These results present a real interest because m the next chapter we have
to analyse, by RNG method, the real gaussian point obtained for U, =0,
U, =0 and the other critical points obtained for U, s 0 and U, £ 0.

ITI. The Reeursion Relations. The Hamiltonian assoc1ated with the free
energy (1) is

H = [ 1ved®) I+ 0flo))] (1)

x

where
Qi) = 7,0* + v,9° + w0t (12)
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The general form of the Wilson [7] recursion relation 1s

Qri1(y) = —2° In [h(z—z—mﬂlj (13)
14(0)
where the integral I, is expressed as
+o0
L) = § exp| =% = 3 Qi +3) — 5 0t =)

Using (11—13) we get the following recursion relations -

. 35 ., 585
ip1 = 47, + 12q,u, — 36g7ui — 9giv} — ?1 qlupi — —2" g (14)
. 243 35
Uyyy = 240 (“z — 9qmi — 5 giupi — ':;*1 giui + .. J (15)
3-2 135 81
=2 ° (vl — 9qtuw, — - giuty, — b q?v‘?] (16)
where ¢, = - :_ .
14

These relations are quite general and seliconsistent Indeed if V, =0
we get the usual recursion relations for the ¢*—theory, and if U, =0 we get
the recursion relations

iy = 4r, — 9qui (17)

6—~D

; 81, ,
Vg1 =27 (Uz BT qlvl) (18)

which are in fact the recursion relations for ¢;—theory The fixed point obtained
from (18) is

v =2 [EE e (19)
inD=6—c¢

IV. The Phase Tranmsition. Now we analyse the problem of the existence
of phase transition in the model described by the Hamiltonian (1). From (14)
results that in this phase transition we have the condition
30} 1 20)
W .

in order to have 7, =74, =0
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The fixed points of the recurrence relations (15—16) are:

the gaussian fixed point

w* = —0,276 — 0,007 € In 2
2% = 0,286 4 0,061 € In 2
w* = —0,276 — 0,007 € In 2

u* =0
p* = —0,314 — 0,078 = In 2
{v* = —0,286 — 0,061 o= In2

55

(25)

These fixed points show the existence of the second order phase transi-

in 4 — ¢ dimensions for the ¢* 4 ¢*—model.

In the next paper we are going to point out the eigenvalues of RNG
and the critical exponents. However, we can conclude that for some ferroelec-
trics with a special symmetry where the ps—term is present, the phase transi-
tion can be strongly affected by this interaction. Our self —consistent treatment
is a good startmg point in the problem of the phasc transitions in ferroelectrics

¢® + o interaction
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TRANZITIA DE FAZX FEROELECTRICA IN MODELUL @® 4 ¢ (I)

(Rezumat)

( Recerved February 6, 1978)

Se studiazid existenta tianzijiet de fazi in modelul ¢? + % folosind metoda grupului de
renormare. Termenu! de interacfiune g; + @* este folosit in descrierea tranzifulor de fazd in feroe-
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EINE NICHTSTATIONARE METHODE FUR MESSUNG DER
WARMELEITFAHIGKEIT DER KILEINEN PROBEKORPER

FRIEDRICH KELEMEN

Einleitung. Die Autoren [1] beschreiben eine nichtstationare Methode,
deren Vorteil es ist, die Moglichkeit direkter Bestimmung der Warmeleitfahig-
keit bei Probekorpern mit kleiner Dimension und mit Warmeleitfahigkeit
der Grossenordnung von 107 bis 1073 Watt/cmoegrad zu bieten. Die Funktion,
die die zeitliche Andcrung der Temperatur und dic systematischen Fehler dieser
Methode beschreibt, wurde theoretisch von [2] gepruft

Die vorerwahnte Methode wird in der physikalischen Literatur oft zitiert
[3, 4]. Aber sie wurde experimentell nur durch Messungen bet Zimmertempera-
tur geprift. Im allgemein aber ist die Messung der Wdrmeleit{ahigkeit in einem
grosseren Temperaturintervall notig. Unscre Studien uber Verwendungsmdglich-
keiten der vorerwihnten Methode zwischen 100 und 450 K fuhrten zum FErgeb-
nis, dass das experimentelle Verfahren praktischer wird, wenn die Variations-
geschwindigkeit der Temperatur ungefdhr linear proportinal mit der Zeit ist,
und nicht so schnell wie bei der [1] bezeichneten Methode. In diesem Fall ist
die Registrierung der Temperaturvariationen genauer Unscr experimentelles
Verfahren ist neu, und deshalb beschreiben wir dessen Prinzip.

Prinzip der Methode. Der Probekorper wird zwischen zwel Kupferblocke
gefasst (Abb. 1.a.), und der untere Block B, wird .Jangsam mit einer konstanten
Geschwindigkeit gekithlt, z.B. mit Stickstoffdampfen Kurze Zeit nach dem
Beginn der Kdhlung, bildet sich im Probekorper P ein Tempeiaturgefalle
dT[dx, das sich in der Zeit langsam verandert, und die Temperaturveraderung
des Blockes B, wird gerade proportional mit dem Temperaturabfall des Blockes

B,. Indem man den Warmewiderstand der XKontakte zwischen der Probe P
und den Blocken B; und B, vernachldssigt, kan man '? =5

X ”
wo T; und T, die Temperaturen
an den Enden der Blocke B, und
B, darstellen, und I, die Linge
o3 der Probe P Dbedeutet.

— T .
~L__~% heschreiben,

Tt o Wenn man vom Warmeu-
P L(t;_ﬂ bergang zwischen B; und der
1
¥
1
f
i

. Umgebung abseht und die War-
117 mekapazitat C  der Probe P

dQy gegenuber C, des Blockes B, micht
‘ in Betracht gezogen wird, (also
B) C<«C,), so kann der Warmestrom,
..der durch den Querschmtt S der

Abb. 1.a, und 1b. Zur Erlauterung des Prinzips Probe P geht, als gleich mit
der Methode. der von B; in der Zauteinhert

a)
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verlorenen Wirmemenge betrachtet werden. In diesem Fall kann man
beschreiben -
aT, Ty — T,

Bkt QPSS 1
Cl ar Wm > ()

WO

L

W, =
Kp- S

(2)
und reprasentiert de Warmewiderstand zwischen den Punkten 1 und 2, aufge-
nommen in B; und B, (Abb.1 a), X, st der Koeffizient fur die erwahnten
Verhaltnisse bestimmten Warmelaitfahigkeit der Probe P.

In algemeinen aber wachst die Warmeleitfahigkeit der XKristalle schnell
mit der Temperaturabfall Im Falle der Proben mit 1—2 cm L#nge kann man
den’ Warmewiderstand der Kontakte nicht unbeachtet lassen im Vergleich zum
Waimewideirstand der Probe, das bedeutet, dass die Temperaturen T, und T,
von den Temperaturen T; und T; der Enden des Probekdrpers verschieden
sind (Abb. 1.a, b) Wenn durch die Kontaktoberflachen S; und S, und durch
den Querschnitt S der Probe derselbe Warmestrom ubergeht (Abb 1.b), kann
man schreiben

aT, T, — T,

€ V=—c—7-"—"2—, (3)
dt Wea + W+ Wep
wo
L , Lea L
Wo = —2 ) W= —"22_ W=—"". (4 a, b,c)
Keo - S Ke1- S, F(QRIN)

Die letzteren drei Formeln reprasentieren die Wdrmewiderstande der Kontakte
und der Probe Aus den Gleichungen (1) und (3) folgt

W, —=2W,+ W, )

wenn man voiaussetzt, dass W, + W., = 2W,. Weil die Blocke B; und B,
aus demselben Metall (Kupfer) bereitet sind, kann man schreiben W, =W, .=
= W, wenn die Temperatur T, sich nicht sehr von T, unterscheidet.

Aus den Gleichungen (2), (4c) und (5) {olgt:

. 2W,
K =K,[1+ W]. (6)
Von hier ist ersichtlich, dass der systematische Fehler, der aus dem Warmew:-
derstand W, der Kontakten stammt, nicht unebbeachtet beliben kanmn, ausser
Falle, wenn 2W, nicht hloher ist als ungerfahr 3% der W,.

Den Widrmewiderstand W, bei einer gegebenen Temperdtur kann man
mit einem Probekorper bestimmen, dessen Warmeleitfahigkeit bekannt ist.
Nach [1] kann man eine aus Blei verfertigte Probe benutzen. Aber der Wert
von W,, bezogen auf die Oberflacheneinheit, hangt von der Qualitdit (Glattheit)
der Kontaktoberfliche ab, und, eventuell, auch von der Eigenschaft der Korper,
die in Kontakt sind. Den Warmewiderstand W, kann man auch so bestimmen,
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dass man die Messiungen an zwel Probekorpern aus demselben Stoffe aber
verschiedener Lange macht Wenn die Querschnitte der Proben sich nicht auch
in der Linge verandern, dann kann man nach den Gleichungen (4 a, b, ¢)
und (5) fir alle Proben schreiben -

ceL - )

Wenn die Messungen an zwei Proben, mit Langen I,; und I, (eventuell mit glei-
chen Querschnitten, S; = S,) vorgenommen werden, ist die Warmelertfahigkeit

- Ly — L

K= 2275 |, (8)
Ly L,
Km,Z ‘Km,l

wo K, und K,,, die Werte der Warmeleitfahigkeit an den zwei Proben nach
der Gleichung (1) erhalten sind. Ebenfalls aus den Gleichungen (4 a, b, c)
und (5) folgt, dass der Warmewiderstand der Xontakte von der Gleichung
gegeben ist:
2Wc=5.(—1——i), oder 2Wc=—.(—l——i} (9a, b)
S, K s K

Wenn die Beidngung C<C, nicht erfullt ist, so ist der Temperaturuntei-
schied (T; — T;) messbar beeinflusst auch von der bei der Probe verlorenen
Wiarmemenge Der Warmestrom, der von der Kuhlung der Probe stammt, ist

Wy _ & AL+ T Dieses Glied muss man zu der linken Seite der Gleichung

dt 2 dt
(1) oder (3) hinzufigen, damit man den realen Wert des K,, erhillt, also
K",=__L&__.‘£1(1 iif_ﬂl) (10)
S (Ty,— T, at 20, aT,

Wenn die Messungen durch Erwarmung des Blockes B, gemacht wurden, 1st
das zweite Glied in der Klammer der Gleichung (10) negativ, weil man den
Warmestrom p/dt zur Erwarmung der Probe benutzt

Wenn die Messungen sowohl durch Kuhlung als auch durch Erwarmung
gemacht werden, kann man den Quotienten C/C; annaherend bestimmen aus

der Gleichung
I dT, aT
cfmo)frEeml o
26, Kyn 2 4Ty, 4Ty,

wo K4 resp K, der Wert von K, 1st, bestimmt aus Gleichung (1), aus
den Messungen durch Erwdrmung, resp Kuhlung, und d7T,, und [dT,, resp.
dT,; und dT,; sind die Variationen der Temperaturen 7T, und T, in Zeit
dt bei Erwarnung, resp Kuhlung.

Beschreibung der Versuchsapparatur, Der vertikale Schnitt dessen Teiles
der Versuchsapparatur, in welche die Probe montiert ist, wird in Abb. 2. darge-
stellt. Um das System Block B,-Probe P-Block B, wird ein parallelepipedformiger
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Messtgschutzmantel A verwendet Der niedrigere Teil dieses Mantels 1st an der
Block B, befestigt, und seine vordere Seite ist abmontierbar Das System Mantel
A- Block B, wird im Block B, in eniem zylinderformiger Hohlraum montiert
Durch den Hohlraum C, der sich im niediigen Teil des Blockes B, befindet,
sttomen Stickstoffdampfe, die denselben akbuhlen. Ausserdem kann den Block
B, mit Hilfe eines Heizdrahtes, der auf seine seitliche Oberflache gewickelt wurde,
erwarmt werden Auf diese Art kann die Temperatur des B; sowohl durch
Kihlung als auch durch Erwarmung geandeit werden. Das gesamte beschriebene
System ist in einem Vakuumgefass montiert

Bei der Kuhlung, resp. bel Erwirmung des Blockes B, bildet sich in den
Wanden des Gefasses A, sowie in seinem inneren Teil ein Temperaturgefille
m dieselbe Richtung wie in dem System Probe P — Block B,-Stab D. Durch
die Benutzung des Mantels A sinkt gleichzeitig die Warmestrémung, die dem Bet-
rieb der Vakuumpumpe entstammt In dieser Art fallt der Warmeubergang
zwischen dem System Probe P — Block B; und der Umgebung wesentlich
ab,

Block B; wird an die Probe P mit Hilfe eines zugespitzene Glasstabes
D gepresst, um die Kontaktoberfliche zwischen jhnen zu verkleinern Der
Glasstab D wird durch die Springfeder R gedruckt Dieses Befestigungssystem
bietet eine genfigende Elastizitit fiir die Warmeausdehnung des Probekorpers.

Die Esen-Konstatan Thermoelemente Te,, Te, und Te, sind aus Drah-
ten von 0.2 mm Durchmesser hergestellt. Te, misst die Temperatur des Korpers
B;, Te, die des Blockes B, und Te, die Temperatur in dem Gefdss A an der
Hobe des Blockes B;. Die thermoelektrische Spannung wurde mit Hilfe einer
Kompensationsbrucke, von Prazision 1077 V, gemessen. Der zu dieser Brucke
benutzte Galvanometer hat eine Empfindlichkeit von 1076 V/div. Aut diese
Art haben die Temperaturmessungen eine
Prazision von umgefihr 0,02 X Das bedeutet
einen experimentellen Fehler von 0,2 bis 0,49
bei Messungen de Temperaturunterschiedes
(T; — T,), und von 0,3 bis 0,6% ber Messung
der Temperaturé.nderung AT,. Um die Prizi-
sion fzu vergrossen, wurden die Temperaturen
Ty, T, und T, nacheinander gemessen

Mit kleinen Erganzungen kann man die
Versuchsapparatur auch fur stationare Mes-
sungen gebrauchen.

Versuchsergebnisse. Um die vorliegende Te , g2 f 3 T
Methode und die Versuchsapparatur experi- \ I =l
mentell zu prufen, wurden Messungen mit st,c;rsto
NaCl-Proben durchgefuhrt. Hs wurde NaCl ¢ "mp‘e
gewahlt, weil die experimentellen Ergebnissc
der verschiedenen Autoren fur die Warme-
leitfahigkert dieser Substanz ubereinstimmen
Deshalb konnen die NaCl— (oder KCl-—) c
Proben als Warmeleitfahigkeitsetalon verwen- AIAIIIVAITIAVATTIN AR
det werden [5]. Die NaCl Monokristalle
wurden mit der Xiropoulos-Methode aus Abb 2 Versuchsapparatur

V0722777775555
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chemisch reinen Stoffen verfegtigt. (Auch bei dieser Gelegenheit danke ich dem
Kollegen A. Darabont fur die NaCl Monokristalle, die er mir zur Verfiigung
gestellt hat.).

Die ersten Messungen wurden mit drei Proben verschicdener Lange I,; =
= 0,385 cm, L, = 0,692 ém, L3 = 1,478 cm), ohne Verbesserung der Kontakte
zwischen den Blocken B,, B, und deun Proben P, duchgefiithrt. Sie haben bewie-
sen, dass die Wirmewiderstande der Luftkontakte beachtlich grosse sind. Um
die Warmewiderstande der Kontakte zu vermindern, sind bestimmte Flissigkei-
ten, Vacuumséle, oder Amalgame (z B. In-Ga) benutzt. Ich habe fur diesen
Zweck Zapfenschmiere beniitzt. Vor den Messungen wurde der Probekorper in
der Versuchsapparatur bis zu ungefahr 500 K ervarmt, und nach der Tempera-
turstabilisierung wurden die Messungen durch Kuhlung durchgefuhrt. Ohne
vorhergegangene Erwarmung der Probe war der Warmewiderstand der Kontakte,
bei der Bentitzung der Zapfelschmiere, grosser.

Abb. 3. zeigt die Anderung der Werte des Koeffizienten X, nach der
Gleichung (10)berechnet, als Funktion der Temperatur T. Die Werte der
Kurwe K,,; beziehen sich auf die Probe mit Lange I, = 0,7237 cm, die Xurve
K, . zu L, =1,1555cm, und K,3 zu IL;=1,7282 cm. Die ununterbrochene
Kurve K stellt die Warmeleitfahigkeit des NaCl nach den Messungen [5] dar
Die, mit kleinen Kreisen dargestellten Werten wurden aus der Gleichung (8).

H JO 2
3! 028
}\o '"02[0
3 ]
°% Kk 020 —
A o
/ 1 =8
+—|
Km3 0% Je
49 FRSTVERS ;‘{E . o0
& $10}-= Jaa \1\ Ll
= 8, o Ny RS
i <Kl e Ry b L 4008
o oosry AT . N [ N R AT
2 P oo, e ~£ 2504
Y] ool /v_ 2 oy °\“*59u1,;-8v_
< T P
&‘_ 004 L r\w
. x ~L | S S | B o1 fot 1 R
[5:4 I ] 180 220 260 303 340 3BO 420 460
T (&
Abb 3 Die Anderung der Koeffizientem K |, K, K,a und K als Funkt-

ion der TemperaturaT,. Km.l, Km,z' Km,s sind ber Proben mit Lange
L, = 0,7237 ¢m, L, = 1,15555 cm und L; = 1,7282 cm gemessen,
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auf Grund der Kurven K,, 1, K,,2 T T N
und K,,; Derechnet. Die ubere- 9r \\.
instimmung zwischen unseren g o Xﬂ\
und den von [5] erhaltenen i o 1
Werten ist entsprechend. EF \°\D\

Abb. 4. stellt den Wirme- 73 sl ° i
widerstand W, = W, - S dar. = 1 \
Die Kurve 1 bezieht sich auf % a .
Kontakte mit Zapfenschmiere, i\ a_
und die XKurve 2 auf jene mit : N |
Luftschichten. Aus den Werten 3t % . .
der Kurve 2 ergibt sich, dass \s} S
die Dicke der Tuftschicht r S . :
zwischen der Probe und den 1k The— L5 s
Blocken B; und B, ungefahr N s
1,3 - 10~% cm ist und sich mit B0 W0 T 2 20 10 30 %0 '1.21]0 ;‘{éu“

der Temperatur erhoht. Deshalb ‘

kann  die Vorhegen-de Methode ADbb 4 Die Andcrung des Warmewiderstandes W0
auch fur. die Bgstlmmung der als Punktion der Temperatur Die Kurve 1 Dbeziéht
Warmeleitfahigkeit der Gase und sich zum Kontakte mut Zapfenschmiere und die
Flussigkeiten angewendet wer- Kurve 2 zum Kontakte mit,Iuftschichte

den

]

Messfehler und Fehlerquellen. Die Prizision, mit der man den Koeffizienten
K,, bestimmen kann, hangt von den Messfehlern der Temperaturen T, und T,
ab. Wie sich erwahnt habe, bleiben diese Fehler unter 19, wenn die Messungen
sorgfaltig durchgefuhrt waren Deshalb kann man die Bestimmung des K,
entsprechend der Gleichung (1) oder (10), mit einer Prdzision von 2—39%, crzie-
len.

Der relative Fehler bei der Bestimmung de XKoeffizienten K nach der
Gleichung (8) ist ungefahr-
AR AK AKm,Q
K [ % TE. T

m,1 ”,2

(12)

AKm.l -+ AKM'Z
b
K, ,— I

#,2 m,1

dementsprechend kann man den Wert des X mit einer Prazision von ungefdhr
109, bestimmen Dic Fehler, die aus den experimentellen Daten bei veschiedenen
Temperaturen stammen, sind auf der Kurve K in Abb. 3 angezeigt Die
Prazision ist grosser, wenn die Messungen mit zwei Proben sehr verschiedener
Liange I, und I, durchgefuhrt wurden.

Wenn der Warmewiderstand W, der Kontakte bekannt 1st oder unbeachtet
bleiben kann (W, < W), unterschiedet sich AR micht von AK,.

Es gibt Fehlerquellen auch aus folgenden Grunden- (a) Warmeleitung
der Luft m der Umgebung der Probe; (b) Warmeubergang zwischen B; und
seiner Umgebung; (c) Warmeleitung durch die Kontaktoberflache zwischen
B, und D. Die ersten zwel erwihten Fehlerquellen sind nicht beachtbar, wenn
das in der Versuchsapparatur erzeugte Vakuum besser als 10~ Torr ist. Weil
die Temperatur der Stabes D sich von der T unterscheidet, kann der Wirmes-~
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trom durch die Kontaktoberfliche der B, und D nur in dem Falle vernachli-
ssigt werden, wenn der Warmewiderstand des Kontaktes viel grésser ist als
der der Probe P.

Die erwdhnten Fehlerquellen erklaren es, dass bei Temperaturen uber
350 K die aus der Gleichung (8) berechneten Werte des K grésser werden als
die aus der Arbeit [5] entnommenen Werte

(Eingegangen am 9 Februar, 71978)
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O METODA NESTATIONARA PENTRU MASURAREA CONDUCTIBILITATII TERMICE
A PROBELOR MICI

(Rezumat)

Se descrie o metodi nestafionarii pentrn misurarea coductibilititn termice a probelor mici
Fa se bazeazi pe misurarea rezistentel termuce intre cele dou# capete ale prober Proba este mon-
tatd intre doud blocurt de cupru s1 blocul inferior este ricit sau incidlzit in mod contmuu. Pentru
determinarea precisi a coeficintulu1 de conductibilitate termicd a probei este necesar si se cunoasci,
san si se determune, §1 resstenta termicl a contactelor intre probd $1 blocurile de cupru Masuritorile
de verificare s-au ficut cu proba de NaCl de lungim: diferite
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MOLECULAR ¢ VALUE CALCULATIONS FOR AXIALLY DISTORTED
d? LOW SPIN CONFIGURATION IN STRONG CRYSTAL FIELD

LIVIU V. GIURGIU*, AL. NICULA

I. Introduction. Metal complexes, based on platinum atoms, which possess
a columnar structure and contain an infinite number of directly interacting
metal atoms arranged in a linear chain throughout the crystal, have attracted
considerable attention [1] as a result of the highly amisotropic character of their
electrical properties The ESR measurements were reported for some of these
complexes [2, 3, 4, 5] showing that the observed magnetic centers are holes in
d.like states. In the case of Pt(NH,)PtCl,, such states are formally equivalent
to the localized Pt3* like states [2]. As ESR provides a tool for determining
the relative ordering of the d-orbital energy levels, one has to compare the
experimental g values with the calculated ones, in order to determine the charac-
ter of the ground state. Being involved in a systematic study of one-dimensional
complexes containing platinum species, we undertook a theoretical calculation
for the case of a Pt¥+ complex, with axially symmetric g value, in a 5d7 low spin
configuration, S = 1/2

II. The first-order g tensor calculation in strong crystal field The d-orbital
energy level schemes in tetragomally distorted octahedral complexes and in
planar complexes, can be predicted by considering symmetry arguments [G]
For Pt species in a 5d7 configuration, S = 1/2, with an axially tetragonal dis-
torsion, the dy, d,y or d — 4 orbitals are the possible ground states.

The metal ground state 1s subject to admixture of various excited states
by spin-orbit coupling It 1s possible to calculate the g tensor elements directly
from a well-known general formula [6]. In the case of strong crystal field pro-
blem, it is better to perform the sequential perturbations of spin-orbit coupling
over the ground state wave function |0>, followed by the Zeeman 1nteraction
[7]. The prnincipal g tensor elements are "

Gxx =2E<all;x +2$H’Iﬁ>
Gy =200 <ally, + 25,8 > (1)

g:z=22<“llu+2sx:lﬁ>
1

where |x> and |B> are the doublet ground state improved wave functions.

? Institute of Isotopic and Molecular Technology, Cluj-Napocs
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As an example, the case of a complex with an axially symmetric g value

(8 = &1, 82 = gy = g1) and the unpaired electron in d, and d,, orbitals

ill be examined. In the hole formalism, the zero order Kramer’s doublet, for
a dp ground state is:

0> = |(x* — »%)3(z%) *>
07> = (%2 — y%)*2%)~ >
and for a d,, ground state.

(2)

04> = |(#* — ?)%(xy) *> 9
07> = |(#* — »)? (xy) "> ‘

where [0> refers to the groﬁnd state wave function. The calculation is facilitated

by the use of two tables : the first, the effect of the operator / - s on the d-orbital
set is represented 1n Ballhausen’s book [8], the second, giving the matrix
elements of the orbital angular momentum within the d-orbital set, 1s compiled
in Mc. Garvey's review [9] The first-order improved configurational
wave function |«> for d, ground state, is obtained by applying the spin-orbit
interactton Hamiltonian, as a peturbation, and using standard first-order per-
turbation theory:

| = N{|(a* — () *> + 14, |(x2 — y3) (%) ¥(2) *> —
— sy [(a® — 58) () ) *> — dayf2] (4 3 TR () > —
— a2 (@ — P HyR) HE) TS + @f2(8t — ) () ()T > —  (4)
— ayf2|(x* — %) H(x2) () *> — a5 4/3[2|(x* — 1) (wr) "> —
— 1a54/3/2|(x* — 32)(y2) >}

where N is a normalization constant and 4, are the mixing parameters, g, =
== §JAE,, { being one-electron metal spin-orbit coupling constant ({ is always
positive), and AE, a configurational excitation energy. The first order [§ >
function is tound from (#® — »?)%(z%)~> in a similar manner

For d,, ground state, the wave function |a> is-

la> = N{|(x* — ")) > — iay |(x* — %) H{ay) " (wy) ¥> —
—1ay[2 (% — %) (y2) T (xy) T> — 1a,/2|(x* — y¥) H(yz) F(xy) > +
Fay2)(x* — ) (x2)T(8) F> — ayf2)(2* — %) F(x2) H(ay) > 4+
a2 (22 — R (yz) "> + 1352 | (2% — y2)2(xz) ">}

(5)

.and similarly we can obtain the furst order |B>function.
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With _doublet ground state wave functions |x> and |B>, by using
the Zeeman spin-Hamiltonian expressions of Equation (1), the following princi-
pal g tensor clements were found:

— for d, ground state:

gi = 2N? 4 N*(4a} + 2a} + 4a?)

(6)
g1 = 2N + 6Nay + N3(4af + af + af
— for d., ground state:
gy = 2N® — 8Na, + N*(2a% — 2a3 — 2a,a, — af — 3a2 — 2a,a,) )

g1 = 2N* + 2Na, + N¥(af + af — 241 — a,a,)

The perturbation coefficients;-a,, being: usually small” enough, any product of
two coefficients can be ignored, and equaticns (6) and (7) become:

g1 = 2N?
, (6"
v gy = 2N* 4 6NY/AE,
and -
gy = 2Nt — 8NY/AE,

gL = 2N® + 2NY/AE, o .

where AE, = [E(x* — y*) — E(vy)|; AE,= |E(xz, ») — E(xy)|; AE;=
= {E(xz, y2) — E(%) |

In the case of a complex with d._, ground state, by using the same
method, the principal g tensor clements are:

g1 = 2N* 4 SNY/AE,

(8)
gL = 2N2 + 2NY/AE,

where AE, = |E(xz, vz) — E(x2 — 42)|

III. The second-order g tensor calculation in strong crystal field.

Due to the large spin-orbit coupling constant of Pt*+ ion, an improved
set of crystal field g values was calculated by carrying the treatment to
second order. The second-order correction terms can be computed by the method
of Tippins [10], or one hasto derive a ground state wave function correct
to second order:in { and then apply the magnetic perturbation. By calculating

5 — Physica — 2/1078
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the third-order correc‘cion to the energy of tHe ground state, Tippins oi)tained
the-following general formulae for the Second-order g shifts (Ag, =gn —2):
= Zz[f_;’(z'/AE,AE‘k)(z,,xjhy,,o + g Yz + FoEnyw) —
()
—2 (AED) (1%, * + 1y 1)

(2) g [E ("/AE AE M (Yo Zjrzao '\L o YiEre + Yo%k Xro) —
(10)

-~ Z}’(IIM?)( 5o, 2 4 2o [%)]

where x,; = <j|l,|k> and similarly for the other components of the angular

momentum [, AE, being as before.
For the d,, ground state, the nonzero matrix elements of the angular
momentum are: \ : ;

<dallyldyy > =i 4/3
<l | > = —i4f3 (11)
<dulhldy> = —1
and from the expressions (9) (10), also considering the normalization constant
N of the zero-order configuration in the wave function that arises from the

spin-orbit interaction, we obtained:

Aglt) = —3N3AE}

- (12)
Agl®) = — 6N*I/AE]
For the d,, ground state, similarly were found:
Ag® = —4N*AE,AE, — 3N*(3/AE}
(13)
Ag® = —4N?C2[AE}
For the d.._,» ground state the results are:
Ag® = —4N?C|AE,AE, — 3N}/AE}
(14)

Mgl = —4NW}AE}

The calculated g values for d7 low spin state are summarized in table 1.
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Table 1
5d o order
orbital 21k f1 3
dg 2N® — 3N [AR} 2N% 4 6N¢/AE,— 6N*{*/AES &) >8 ™2
d, 2N? — 8NE/AE, — ANRQYAEAE, — 3N(}/AEY | 2N* 4 2N{/AE,— 4N2(8[AE} £1>2>g
d ., 2N® 4 8NG/AE, — ANQYAEAE, — 3N*CYAE] | 2N® + ING/AE,— 4N*CYAE] g, >g | >2

g

ALy = |E(x* — %) — E(xy)|, AE; = |E(xz, y2) — E(xy)|, AEs = |E(xz, y2) — E(g%)]; AEs=
= |E{xz, 32) — E(x* — %), ... ; .

- TV. Conclusions. The comparison between the magnitudes of the experi-
mental ¢ values with the calculated ones (table 1), allows a correct determi-
nation of the ground state for d7 low spin complexes [2].

( Received February 20, 1978)
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CALCULAREA VALORILOR g MOLECULARE PENTRU CONFIGURATIA DE SPIN MIC
d’, DISTORSIONATI AXIAL IN CIMP CRISTALIN PUTERNIC

(Rezumat)

5

Pentru configurafia clectronicit d?, de spmn miuc S = 1/2, au fost calculate expresule teoretice
ale tensorulu1 g axial in aproximatia cimpulu cristalin puternic Funcfule de undi caracterstice
stinlor fundamentale de tipul d_, dyy, $1 da _ as-au obfinut in urma aplicdri interactiunu de cupla)

spin orbitd asupra,functulor de undé ale duble;xlor Kramers respectivi S-au determinat corecfule
de ordinul do: ale tensonlor g axiali pentru fiecare stare fundamentald
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SUR UN MODELE DI PLASMA COSMIQUE AVEC UNE DENSITE
VARIABLE -

MIRCEA VASIU

1. Introduetion. Dans le présent mémoire nous voulons déduire 1’équation
de dispersion d’un modeéle de plasma infini, compressible, visqueux, doué d'une
pression anisotrope et d’une conductivité électrique finie, avec une densité
variable, en mouvement de rotation, en présence du courant Hall, sous I'action
de son propre champ gravifique ¢t aussi sous 'action d’un champ magnétique
uniforme-axial. )

Nous utilisons les résultats obtenus par Sharma, Prakash [1] et
par Bhatia, Gupta [2]. A la difference des travaux cités, nous prenons
en considération, simultanément, I'action des grandeurs physiques qui définis-
sent le modéle de plasma analyse la compressibilité, la viscosité, 1'anisotropic
de la pression, la conduclivité électrique finile, la densite variable, le mouvement
de rotation, la présence du courant Hall, 'action de son propre champ gravifi-
que et d’un champ magnétique uniforme-axial.

Nous choisirons comme systéme de référence le systéme de coordonnées
cartésiennes Oxyz. On suppose que, dans 1’état d’équilibre, le plasma posséde
une vitesse nule (v, = 0), une composante Q du vecteur v1tessg angulaire Q,
dingée d’aprés l'axe Oz (((0, 0, Q))et aussi une composante H, du vecteur
champ magnétique H,, dirigée d’aprés Iaxe Oz (H,(0, 0, Hy). La densité o,
et aussi le potentiel gravifique V, sont fonctions de variable z{2]:

polz) = p1 exp (B2) ' (1)
et

Vafe) = 8 [—exp(Bs) + 2 +1) S

olt p, est la densité p, pour z = 0, B est une constante et G est la constante
gravitationnelle.

Nous admettons des variations de type adiabatique pour la pression du
plasma -

2. L’état - perturbé du . plasma. Admettons maintenant que de petites
perturbations de la densité, de la vitesse, de la pression, du potentiel gravifique
et du champ magnétique se superposent & l'état d’équilibre du plasma, de
maniere qu’'on peut écrire

v=uv,+0(x, ¥ 2 1) =0(x, 3, 2 t),
p=rpole) + o' (% 3 2 1), p=0po+ (2, 3 % 1) (3)
V=V + V'(x, y, =z &), H= ﬁo + fl”(x, ¥, 2, )



SUR UN MODELE DE PLASMA COSMIQUE 69

Les perturbations pcuvent étre considérées comme petites, de sorte que
leurs carrés et leurs produits peuvent étre néglgés. En remplagant les pertur-
bations (3) dans lecs équations magnétohydrodynamiques pour le modéle de
plasma étudié, on obtient le systéme d’équations

poZ ==V +P) (VX H) X H 4 o7V + TV +

. . (4)
+ 20,(0" X Q) + pAY + gv (v - &)

ap’ O A 5
at+Pov = —( - V)eo (3)
T =V X 0 x H) v, A — KV x (9% H) % Hy] (6)
v -H =0 (7)
AV' = —dnGo’ 8)

olt V est l'opérateur nabla, A est 'opérateur de Laplace, ;?;’ est la perturbatlon
du tenseur de la pression, p’ est la perturbation de la pression du plasma, ¢’
est la perturbation de la densité, V' est la perturbatlon du potentiel gravifique,

o est la perturbation de la vitesse du plasma, H' est la perturbation du champ
magnétique appliqué, p est le coefficient de viscosité du plasma, v, est le
, olt ¢ est la vitesse

coefficient de viscosité magnétique du plasma, K = purY
Tive

de la lumiére en espace libre, N est lc nombre de densité des particules char-
gées du plasma, ¢ est la charge électrique. On suppose que les perturbations
se propagent dans le plasma sous la forme

@ = o exp (k% + Rz - o) ®)

ol ¢’ est la perturbation considérée, k&, k. sont les composantcs du vecteur

d’onde #, o est la pulsation d’onde.
Les composantes #y (J, 2 =1, 2, 3) du temscur p’ s’éerivent sous la

forme [1]
. au;+av' av; &, 0
Drx = —poY (‘a'; ax ) Py = poV (ay ) Pus ==
, . av,, _ dv,, . dv, vy
po=te=ow (2] = pu= 20 (T 43 0O

du; ov,
P Psy—'zPoV(ax +E_‘)

oft pov = ;XZ (T est la température du plasma, o, = &% est la pulsation
oL :
cyclotronique pour le plasma, M est la masse des particules (ions) du plasma).
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On peut _crire les vecteurs (V X H)x H, v xI[vxH)xH) VX
X (0" X H o) v’ X0 sous la forme

— 5 - oH’, BH - JoH! oH!
(VXH’)xH0=3,HO( )— E}HO( ’__y) (11)
oz ox oy oz
o'H;, ’ 0H! - &H’, ‘ o%H !
H H E4 e H — -
VXUV X H) X s asz) * et ( P 8A62)
(12)
- o’ otH! GtH’ JtH’
i () (5 ’)]
oxdy  0x0z oyéz  dxoy
VX(zT’xﬁ)=H——e,Hov (13)
V' X Q= e — v (14)

ol _e:;, Ey, ;:: sont les verseurs du systéme de référence Oxyz.

La substitution des perturbations (9) dans les équations (4)—(8) nous
conduit, en négligeant les carrés et les produits des perturbations et tenent com-
pte de (11)—(14), au systeme d’équations, qui, en projections sur les axes Ok,
Oy, Oz, prend la forme

[co — —3‘? (3% + k;)]v; - —( ’m) o 120 — 1v(B + D),

fo
(1%)
Rk, + o (R H,— B HY)
3 4z=p,
(o — iukt)o) = [—ov(B? + B -+ 2Qv, — vk ko, - Tk H,  (16)
TPo

[m i Bt %)]v — vk, + L g o [ i ipv, | Y (17)

190

By — 1Dpgt], — pokst,
o= — (po 1Dpg)v; — pohst (18)

(0]

(io + vP)H, = ik Hw, — KH A H, (19)

(i> + v,k8)Hy = ik, Hw, — KH(k,kH; — kH") , (20
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(lo + v, H, = — 1k Hp, + KHk kH, 21
z}e,H; + ik H, =0 (22)

RV’ = 4=Go’ ' (23)

ot Bt = By + kL, p' = Vip', V, est la vitesse du son dans le plasma et D = é .

Si l'on applique l'opérateur divergence (\/-) dwus 1’équation (4) et temant
compte des égalités suivantes

9 W8 L1 ”_ &’
_— . e -— —_—— — v: = —— —— —
0o 5 (V- 7) =g, a:{ |5 T (Ded) v
ov,
— (DPO)E = w?p’ — (Do),

V (VD) = AP = R = —RV,
o ~(3b,, 8P\ - (0P,  Ob,
V@B =7 [F (T g 2o

ox oz ox 0z
+ g’ (af;x + apfz

o 2 | = et + 48 24)
V - [V X B) x Hyl = —kkHH. + KHH,
V() =T [ - T)] = — ikl + A
V o (peV V) = Vo - TV’ + poAV’ = ik (Do) V' — 4nGpyp’,
V(97 Vo) = Vo'V + ¢'AV, = th(DV o)p’ — 4nGpp’

bt v=2c 128 . Aer=218. 2
ou v—b‘#s’_{—aza” A—\—/ _ax’+5:2’ -D -

& , on obtient l'égalité
dzﬂ

.

+

; BVY  dkan
Q, 3

) Vi + i[9 + 4k — 20,0705 —

sk %)
—i[o oo — e |or 4 g — ot (25)

41p, i

+ [0 — Qfuys) — DYV ) I =0,

Ot Q, = iw + vy, Qe = V2 -+ “k—"—G [ik,(Dpo) — k2po] -+ ik,(DV )
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Remplagons maintenart dans Iéquation’ (13) et ausst dans 1’équation
(20) la composante H; donnée par I'équation (21). On obtient

-~ 2 kiVl
(m — O A T A by 020 — vk, 4 B o, —

3 Qy,
(26)
~ KRRV Y
_ 1,|J-kxk‘,v; _ Hok, H; tkf AH;; + k_zg} 7;' — O
3 4mp, Q,, k?

et

[Q2, + (KHo )RR H, = Q, 1tk Hpw,) + KHEH) - 1K HEEy,. |

S}
~J
-

Introduisons les notations suivantes

uls)

PR ot 1) __1: 3 (1) ____1'; S 3
o=apkt, QY = T @k R, OF,) = Bk + B

bghth, o - suhah o VY
25 Qiam = *‘5—' Qi = ;
m

-+

uis) ==

+ 41“:}‘]"; Qug = 20Q — (R + £7), Quam = 20vk.E,

1 . RV
Qo = ik, [V(A + 3B) — 20], Quey = —
Q K ERVY o K& R, VY (28)
Alx)s) = T . Alam & a ’
" "

2 ~ k, 2 kx . .
Dy = Qyas) + DV o) ; Qrin = 2QY, Qpy= = Q%; Q) =iD(V,) +
#2 Bt

3 3 ko :
+ = Qf; A(x)=ﬁ,: Ay = “H“} C =1Dp,,
ke 4rp, 4rp,

Dy =ik H,, Dy = KHok5; Dy = iKH3EIR,; Doy = 1Q,k,H,

Dgzz) = KH Q% ; £12¢():,)(:) = Q, ++ (K H,)*k3k:
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Le systéme d’équations (16), (17), (19), (25), (26): et (27), tenant compte
de notations (28), prend la forme - )

- ¢ N

Qus + (Qz— m) — Q,,(,,(,)v, + A(:)H =0, | (29)

Qﬁx)(’)v; + Qv(z)(’)uy‘ - (w - Ql';z') );), - Q.Il(t)c = 0-1 (30)
D, — QuHe — DGH, =0 . - (31)
Qs + Doy —{Co — Qa)ol + (32)
+ ApgwHe — QiwH, + (0 — Q) =0
(“" - Qx(xl()x)'— Qu)0e + Quoy — '

. , (33)

- sz)(’)v; - A(‘)H; +sQ;§(x)(z)H; + Q](I)CI‘_—_: 0
D’s + Dy + DilgHi' = DaomHy= 0. (34)

3. L’éqLanon de dlspersmn. Lequatmn de dispersion pour le modeéle de
plasma étudié¢ s’obtient par r anuulatlon du déterminant D forme par les coeffi-
cients des grandeurs . v}, v, v, Hx, H, et -

v
i

oo . t B .

Quy Qy —o —Qv(x)(z) 0- Aw 0
- A N Y o}
~ : g m
Qo Qg Qg— o o 0 — Qe

' t t N . M
1
Dy 0 -0 -Q, —D{ 0

~ N e 2 | = 5
Qi Uive - Uy — Co Ay —Qu , 0! — Qb [ =0 (35)

(1
W — Q.:'(,) —

—Quy  Quy —Qolgw © —4p (e Sy

Dy Dmx-  0- . Duly  —Duwaw - O
On obtient alors 1'égalité CoL oo

[ Dpea + D} Dinl (02 — Q5y0) (R — )0, +

) - ~ 2 (1)
— Qi i Qitayn — v(nr(Q w) +

an

Lk (O — )@Y — o) — Qg — Ques) —

uln)

=)@ e v T (0 — Qi — Qi) Qv(v)m] +
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+ (it ~ Co) [(QF — 0)Qj0 Qe + (0 —
— Q51 — Qu)(QF — ©)QFh — Que (Quens ey +
+ Qun Q) T + (5 — ©) [Quity Qi Q5L —
— (QF) — ©) Qi Uin] + Qo (Quia [ —
— Qo — Qup) Oy + Qtaw Lrn] +
+ Quy Qe (QF), — ©) — QFy Qatnw]) —
— Qi) (Quty Qugein AUy + Qi L)} —
— [Qu Qa0 + 4w DE{UQE, — ) + Quia Lt [(0? —
— Q079) Doty ] + (i) — Co0) Doty Q) Doy —
— (QF, — 0)(Q5 — ©)(©* — Q) D} —
— (2,40 + A DR 1{IQE,) — ©) Qua +
+ Qe Uit Lo Doy (A — 0)( Q5 —
— & ) D Qi) — Qo) Lt Doy A} +
+ [Qn Diaiy + DDty {[( Qi — Coo) Qg — | (36)
— Qg Quw)(Qz — ©)Qy + (0 — Q670 Qe o —
— Qiad ) — (OF — 0)Qndw] + [(QF, — 0)Qn —
— (Q5n — Co) Qe 1A + [ Qo Lo +
+ Q) + Qa0 1@} +
+ [DEDen — DDl H{( Qi — 0) [(Qiin — Co)Qfd ) —

— QzeQd me] + (0 — Qo) Quamde +

+ QueQrm A + Qs Q5 A +

+ QA 1 Qe + QaeQibAd @ [Qu(Qaiw Dinw —
— QwDwm)] + (QF) — ©) (©* — Qi) [419Q,Duwle —
— Oty — Q) — 40Dt Dy — D@~ — o)A Do —

~ Qi Dinta) 1+ (A, — )2 [(Qf — ©)Dia(QuaDinty —
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— Ay Diaae) — 4D AweDe + Qi) 1 —
— A Q5 Qi — Co){Dw(dwDme + DilsQuw) +
+ Q,, [Dygs) (QA(&) + Qi — ©) + Dyevn — DusQinm 1} +

2 2
+ A, D (02 — Qose)Q3,, =0
Cas particulier. Pour le cas d'un modéle de plasma infini, nou
visqueux, compress1ble en mouvement de rotation, doué d’une conductivité
électrique finie et d'une demsite comstanfe, avec unc pression anisotiope, en
présence du courant Hall, sous l'action de son propre champ gravifique et
aussi sous 'action d'un champ magnétique uniforme-axial, nous avons satisfait
aux conditions suivantes. w = 0, p, = const., V== const, D(p,) = 0, D¥(p,) =
==O D(V ) =O D2(V) =0 et les grandeurs Q;, Q~,), Q;(\)(z),(g,g;(*), ;(2;(5),

1 zk d
Q4 ()g), onz), QJ(,), C deviennent Q7 =0, Qfy=0, Quyy =0, Qi ; ,
m

2 2 1 k 2
Qi =0, Q 0, Qosm = QF, -Q_(]()x) = Q= k—ZQj, C =0.

u(z)

Dauns ce cas paiticulier, I'équation de dispersion (36) se réduit 4 'équation
de dispersion obtenue par Shaima et Prakash [1]

L’équation de dispersion (36) a une grande importance pour 1'établisse-
ment du critére de l'instabilité magnetohydrodynamlque du modele de plasma
étudié, probléme qui sera analysé dans un autre mem01re

(Manuscrst vegu le 10 jus 71978)
¢ i
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ASUPRA UNUI MODEL DE PLASMX COSMICA CU DENSITATE VARIABILA

(Rezumat)

In lucrare se stabileste ecuatia de dispersie pentiu un niodel de plasmi cosmici. Autorul
1a in consyderare acfiunea simultani a compresibiitdfn, a viscozitiitn plasmel, anizotropia presiunii,
conductivitatea electrici fimti, prezen’;n curentului Hall, miscaiea de rotatie, densitatea variabild
a plasmer st acfiunea propriui siu cimp gravitational g1 a wnur cimp magnetic uniform-axial

Ecuafia de disperste obfmutd generalizeazd eccuajule de dispersie stabilite de sutori citaft
in lucrare.
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LE SPECTRE D’AMPLITUDE DU CHAMP ELECTRIQUE PRODUIT
PAR LES ECLAIRS ’

STELA GIJU

1. Introduction. Pour déterminer le nombre des décharges électriques atmos-
phériques dans une région quelconque, on avait créé de nombreux types d‘ap—
pareils Parmi ceux-ci, les compteurs d'éclairs jouent un réle important, grace
A leur -multiples possibilités d'utilisation [1, 2, 3] Les compteurs d’éclairs sont
des appareils & l'aide desquels on peut compter les mpulsions & basse fréquence,
provenues des éclairs dont le champ électiique induit dans I'antenue dépasse
un certam niveau indiqué - le seuil de sensibilité de Fappareil.

~2. La descnptlon de Pappareil. En partant du schéma du -compteur de
type Pierce & tubes de décharge [4], nous avons construit un compteur d’éclairs
formé par trois étages, mais ayant en commun I'antcnne, le circuit d’alimenta-
tion et le circuit d’étalonnage (fig. 1). Les trois étages ont les seuils de sensibilité

1, 25 ;2,5 X et 3,75 Ya correspondre aux tensions 5 V; 10 V, respectivement
m

15 V Le, comptagp des éclairs est accompli par voie électromagnétique. A lap—
proche d'un orage, celui-ci est signalé d’abord par les-compteurs a sensibilité
majeure, puis en ordre de succession par les autres, selon la sensibilité décroissante

I appareil permet I'étude du spectre d’amplitude du champ électrique
produit par les éclairs & I’endroit du récepteur, en enregistrant le nombre d’éclairs
qm produisent au récepteur un champ électrique au-dessus de la valeur de seuil

o bien définie

3. Lesrésultats expé trimentaux. 1’ amplitude du champ électrique E, causé
par une décharge électnque at~
mosphérique, est soumise a I'endroit
de Ia source & une loi logarithmi-
que normale de distribution D’a-
prés' Horner [5], la probabilité
de la formation d’une décharge
électrique 4 l'amplitude du champ
électrique F, est définie par la
relation :

__u_l

Plu) =——& (1)

oN2m
oll p=in E, et w représente I’écart
Fi1g 1 Le compteur d’éclairs 3 3 étages normal de la distribution.

*# Institut pédagogique de Tirgu-Mures
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Pour distances suffisamment importantes et pour de plus longues périodes
d’observation, on peut admettre, & bonne approximation, que les éclairs sont
uniformément distribués, c’est-a-dirc l¢ nombre moyen des décharges électri-
ques dans T'unité de surface ne dépend pas de la distance. En ce cas, le nombre
des décharges électriques, qui produisent dans I’endroit du récepteur un champ
électrique a4 'amplitude p >p,, c’est-a-dire comptable par un appareil a sensi-
bilité de seuil p, = £, résulte [5] de la relation -

g(By) = 55 o

oli G représente le nombre moyen des décharges electnq.ues prodmtes dans une
unité de surface. Ia relation (2) peut dtre vérifide expérimentalement

I appareil construit fonctionne a partir de I'été de P'année 1974, chaque
jour, entre 8 heures du matin jusqu’a 20 lieures du seir, saut I'hiver, la lecture
ayant lieu de trois en trois heures

Le spectre d’amplitude ‘du champ électrique produit par les éclairs a I'en-
droit du récepteur (fig. 2), en considérant le nombre des éclairs enregistrés pendant
les mois de juin, juillet et aofit des années 1974, 1975 et 1976, montre que le nombre
des éclairs, qui produisent au récepteur un champ electrique a amplitude mineure
est beaucoup plus grand par rapport aux autres, parce qu’a cette valeur de la sen-
sibilité de ]apparul son rayon de réceplion est plus grand et peut détecter plus
d*clairs. En comparant les enrégistrements de 1974, 1975 (1 1976, on peut cons-
tater quindifférémment de la période de temps Con51deree le nombre des éclairs
enregistré en 1975 est plus-grand. Ce fait pourrart etre en corrélation avec les

340 30 30}
1974 - 1975 ' 1975

t i . b
€
Y 2 2w 2 '
'~ . ,
N [
R
] ;

0™ o Y

|
)
I . I v I [ v
¢ 1z 3 4 f/{/‘ VAR e [/7-7/0 T 4[/;,7—) )

F1g 2 Te spectre d’amplitude du champ électnque ‘produit par les
éclairs au récepteur,
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phénomencs météorologiques déterminant les inondations de juillet 1975 dans
notre pays. .

En vérifiant la relation (2), on avait obtenu les résultats suivants:

Tableaw 1
v Nombre d'éclairs 8(Eq) « E}
E, (—— R{km)
m 1974 | 1975 | 1976 1974 | 1978 | 1976
1,25 1551 | 8217 | 1906 | 242343 5026,56 2978,12 60
2,5 1891 | 859 | 418 | 244375 5368,75 2612,50 30
3,75 197 | 319 | 145 | 2770,31 485,93 2039,06 10

Il est a remarquer que g(E,) E} = e2*'nG, représente en boune approxi-
mation une constante pour les premiers deux étages, qui ont le rayon majeur
de réception. Pour le troisi¢me étage on peut constater des écarts plusimportants,
parce que le rayon de réception est trop réduit et le nombre d’éclairs, ne pent
pas étre considéré uniformément distribué, selon I'’hypothése admise.

- IL’appareil peut fournir des données évaluables en ce qui concerne la dis-
tance jusqu’a l’endroit de production des éclairs. - :

Chaque étage a scuil de sensibilité E, a un rayon moyen de réception R.
Pour les distances suifisamment importantes, on peut admettre que ’amplitude du
champ électrique, produit par les éclairs & ’endroit de réception, soit soumise &
une loi de proportionnalité inverse a la distance R En ce cas’

E, - R = constante 3)

Celte constante doit étre la méme pour tous les étages inclus dans l'appareil
respectif [5, 6]. Si 'on peut déterminer le rayon de réception 4 l'un des étages
conformément aux données expérimentales, alors le rayon de réception des au-
tres étages scra donné par la relation (3).

En nos cas, selon la pratique, le rayon de réception de l'étage a semil de
sensibilité £y = 2,5 Y monte & R = 30 km. Alors, pour l'étage 4 seuil de sensibi-
m .

lité E,=1,25 v , on obtient un rayon de réception de 60 km. Le rayon de réception
m

del'étaged E =3,75\L ne peut plus étre déterminé de cette maniére, parce qu'il
m

ne s’encadre pas dans 'hypothése admise. Le rayon de réception de cet étage
s'étend 4 10 km, et cela grice 2 la sensibilité réglée de la sorte qu’il ne détecte que
les éclairs produits par un centre rapproché d’orage, dont les tonnerres sont mé-
me audibles.

4. Conelusions. I’appareil peut étre utilisé pour la détection des éclairs
produits & distances jusqu’a environ 60 km. Le compteur d’éclairs & trois étages
peut fournir des données évaluables en ce qui concerne la distance jusqu’a I’en-
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droit de production des éclairs. On pourrait obtenir des résultats plus complets
4 Yaide des appareils avec un nombre plus important d'étages et 4 une sensibilité
plus élevée. Mais, en angmentant la sensibilité, ces types de compteurs risquent
d’étre autoexcités ou bien de réceptionner de faux éclairs.

(Manuscrst regy le 29 janvier 1977)
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SPECTRUL DE AMPLITUDINE AL CIMPULUI ELECTRIC PRODUS DE FULGERE

(Rezumat)

Lucrarea prezintd un contor de fulgere de tip Plerce cu tubun de descircare, cu trer etaje
(ng 1), avind fn comun antena, circuitul de alimentare si circuitul de etalonare. Cele tre1 etaje

v v
ale contorulu1 au pragunle de sensibilitate 1,25 — | 2,5 — g5 3,75 —
m m m

Aparatul permite stadiul spectrulur de amplitndine al cimpulnt electric produs de tulgere
la locul receptorului, prin Iuregistrarca numirului de fulgere care produc la receptor un cimp
electric ma: mare decit o valoare de prag E, bine defimtd (fig 2) Contorul triplu de tip Pierce
poate turmiza date estimative cu privire la distan{a pind la locul de producere a fulgerelor
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RECENZII

Lueriirile Simpozionuluf nagional de (fizica
sollduluf (Proceedings of the National Sym-
posium on Sohd State Physics), redactort coord
Al Niculas O Cozar, Cluj- Napoca 1978
339 pag.

This volume contains 123 papers presented
at the National Symposmun' on ihe Sohd State
Physics, which took place m Cluj-Napoca on
13—14 May 1978 The Symposium covered
the ncw aspects ot solid state physics, problems
refering to some crystalline and noncrystalline
materials

The volume is divided into three sections
(A) — New materials and preparation technologies,
(B)—Alodern conceptions 1n  the physies of
crystalline and amorphous state, (C)—- Up-to-
date experimental methods in solid state phy-
slcs

Section A contains 38 papers dealing with
superconductive materials with high entical
temperatures, alloys with special magnetic pro-
perttes, senuconductors and photoelectric mate-
rals and preparation technologies of some one-
dumensional molcenlar complexes

“Section B contawns 44 papers about. electz:c .

transport phenomena, radiative processes 1n
p—n junctions and heterojunctions, contribu-
tions on amorphous semiconductor modelling,
some problems refering to the eritical tempera-
ture and Rusceptlbluty m excitonic transitions,
Hall and Seebeck effects 1 hopping conduction
Section C contains 41 papers presenting some
F. P R. results on the ferroelectric phase transi-
tions, locahzed vibrations in solid and magnetic
properties of 1iron jons in oxidic glasses The
other papers are dealing with Mdssbauer spectro-
scopy on some itermetallic compounds, solide
state-gand terface phenomena, fluorescence,
X-ray diffraction and N M R studies of magnetic
dipolar relaxation in uranium hexafluornine

R CAMPEANU

"describes the theory of critical

M Crisan, Teorla cuanticlt a magnetismauluf
(Quantum Theory of Maguztism), Ed Dacia
Clnj-Napoca, 1977,

The book starts with a chapter trealing tlL.
exchange interaction in the insulators, met~! .
and alloys The second chapter contains a she
review of the Green function method, will
the perturbative dyagramatic expansion, ti.
motion equation method, and the Bethe-Salpet
equation tor the wertex {function The thiri
chapter deals with the Heisenberg ferromagne-
treated by the motion egnation method of the
Green funetion in the Tyablikov aad Callo,
approximations The antiferromagnetic ordered
phase as well as the spin waves approximation
are also discussed in tlus chapter The forth
chapter contains the theory of the stinerami
electron ierromagnetism. The fifth surveys the
estensive theoretical results (So*vue“c scheks
Swiss School) on the coexistence between su

conductivity and magnetic order of impunures.

i the superconducting alloys.

The sixth chapter contains the problen
the itinerant- electron antiferromagnetism 1n
tals and alloys A part of these results L
been obtained by the author in lus Ph-D-tL .
and pubbished in prestigions journals The sevenis
chapter treats the Anderson theory of-diluted

alloys and the Kondo effect ' The last chaptrr
phenomer:
The Ginsburg-Landau theory 13 presented auu.
the perturbative calenlation (on the basis °
Sudakov equation) of the critical index 15 grven
The method presented by the author gi.c.
by the Sowviet School from Xandau Instital-
of Theoretical Physics 1s qute general «
equivalent with the RNG-Wison theory

oniu B

@ Intreprinderea Pohgraficd Cluj, Municipul Cluj-Napoca 3961978
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