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s

INSTABILITATEA DE DESCOMPUNERE A UNUI CiMP HIBRID IN
UNDE LANGMUIR SI UNDE POLARIZATE CIRCULAR INTR-O PLASMA
MAGNETIZATA

C. BALEANU

Existd un interes considerabil pentru studiul actiunilor parametrice ale cim-
purilor externe asupra plasme1 [4], [5] datoritd aplicatiilor in incélzirea plasmel
cu ajutorul laserilor, in radiotehnicd si astrofizicd

In lucrarea [6] au fost considerate procesele de descompunere a unui cimp
electric omogen polarizat circular la dreapta, la stinga §1 hibrid intr-o undid a
plasmei §1 o altd undi polarizatd, toate cu vector: de unda paraleli cu cimpul
magnetic extern. Au fost folosite ecuatiile cinetice in care se considerd termeni de
ciocnire de relaxare. Pe de altd parte, in [7] este reluatd aceeasi problemi
pentru o plasmi electrono-tonicd, folosind ecuatiile plasmei reci. Analiza este
facutd folosindu-se metoda mai multor scari de timp [1], [2].

In [3] este extinsd analiza din lucrarea [7] considerindu-se si efectele cioc-
nirilor, temperaturii si variajiei spatiale a cimpului extern

In lucrarea de fafi ne-am propus si studiem instabilitatea de descompunere
a unei unde hibride folosind metoda [3]. Se presupune o plasma 1nf1mta si

omogena care se giseste intr-un cimp magnetic uniform, static B0 = B, e,, unde

e, este vectorul unitate al axei OX. Plasmei i1 mai este aplicat un cimp electro-
magnetic de inaltd frecventd. Cimpurile electric s1 magnetic ale undei pompa
(aplicate) sint date de

E, = Re{e;E, - exp [z( 07’ — wgf) ]} . (1a)
unde EO = 2 Koy + 23 + Kos (lb)
si

B _ Ky, ~
Bp = E, cos {wg — Koy — Kos z)e (1c)
)

unde ?2 si 23 sint vectorii unitate ai axelor OY, respectiv OZ.
Dupi cum s-a aritat, frecvenja o, si numdirul de unda K, satisfac urmitoa-
rea relatie de dispersie [6], [7].

ol — 2KE — =0 2)

unde ¢ este viteza luminii in vid §i w, e frecventa electronici a plasmei
0p = 4nNe2/m (3)
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) este frecvenia ciclotronicd a electronjlor

Q= B 0

mc’
Viteza electronilor, indusi de pompi, este

Vs =V, [Qcos (0 — Koyy — Kosz) 5 + @ + sin (0ot — Koyy — Kogz) - 23] (5)
cu )

Vo= — o ©)

- mle? — Q)

La deducerea lui (5) s-a presupus cd |V,| - K,/ wy << 1. Ne-am propus si
studiem dacd, datoritd prezentel cimpului (la), plasma poate deveni instabili la
perturbatii de amplitudine micid In acest scop se porneste de la ecua];ule fluid
incluzind efectéle de temperaturd s1 de ciocnire Dupi liniarizare in jurul stirii
stationare dependentd de timp, descrisd de (5), ecuatule fluid se seriu ca

%E‘-i— N(VV) + (V,¥) n =0 " (7a)

o7 7 74 2 VpxB  V x(B+ B o YT
e+ TV + (VV) ,,=%[E+ 2xE 7X@ ,,)] P iElo o
vxE — L 28 (70)

c ot
VXE 1 0E  4x|e NI—/’ 4n(e) 75 (7d)
c ot c c

' V E = 4nle|n (7¢)
V B=0 (76)

In (7a—f) toate cantitifile se | referd la electroni. Aceste ccuatn diferda de
cele din [3] prin expresiile pentru Vp s Bj, N st » sint densxtatea numirulul de
electron1 la echilibru s1 perturbatia numirului de electroni, V este perturbafia
vitezei, T e temperatura absolutd, &-constanta lui Boltzmann $i y — coefici-
entul de cildurd specificd. Se presupune ci fluctuatule presmun $1 densﬂ:atn au
loc adiabatic

Vom presupune cimpul electric extern E, slab si frecvenja ciocnirilor mica
Astfel in problema studiatd avem un parametru mic, fapt care ne-a permis
folosirea metodei ma1 multor scdr1 de timp De asemenea s-a considerat cd undele
se propagd paralel cu B, cimpul magnetic perturbat fiind pur transversal. iar
perturbatia densitdfu pur longitudinald Cimpul electric perturbat poate f1
scris ca o superpozifie de componente longitudinali si transversald

E=EL4ET, V=VL4 VT, B=BT sin=nb (8)



DESCOMPUNEREA UNUI CIMP HIBRID IN UNDE 5

Datoritd cimpului megnetlc extern, pentru cantitétile transversale este convena-
bil si se lucreze cu vectori rotatori, definif1 astfel

B* = By +14Bf, E* =E, +E; (9a, b)
VE = V54Vl (9¢)

Cu presupunerile de mai sus sistemul (7) poate fi scris sub forma a trer sisteme
de ecuatii cuplate pentru cantitdtile longitudinale st polarizate la dreapta si la
stinga Acest sistem permite si se obfind ecuatitle diferenfiale pentru cimpurile
electrice longitudinale s1 polarizate Cimpul pomp# introduce un cuplaj intre
" cantititile longitudinale s1 transversale )

Mai departe se aplicd o dezvoltare dupd metoda mar multor sciri de timp
Et) = Eg(t, = t, =%, )+ <El (.=t <% )+ <2E3(t, <=t . .) (10)
EX(t) = Ef(t, =t, )+ € Egf(t, t, )+ <2EF (¢, =t .) (11

a8 @ d

5:74_ =Lt } (12a)
»_ & &

o e L2 [a(ez ] T (120)
» & &

— =43 . 2
w w o [3(t)8t2] + (12¢)

P

fn urma egalirn cu zero a coefictenfilor lu1 €9, se obfine

Ef(t, <t) = AT(=f) exp (s0"t) + AL(<t) exp (—10") (13)
E§(t, =t) = A(<t) explio™) + A(=fexp(—io*) (14)
Eq (¢, €t) = AL (st)exp (to™t) + AZ(=t) exp (—10 1) (15)
unde
o =) + K2, cu v = I% - (16)

iar w* sint fiecare o rddicind pozitivd a ecuatulor

(07) = (o7 4 22 (17)
(@4 = (o) =L 2 (18)
ol = wi + K22 _(19)

Pentru a putea f1 satisfacutd condifia de egalitate dintre numirul de undi al
cimpulu1 pompd st suma numerelor de undé ale cimpurilor in care se descom-
pune, trebuie si trecem la aproximatia dipol, punind K, = 0.
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Examinarea ecuatiilor satisficute de componentele perturbatiilor de primul
ordin ale cimpului electric aratd ci atunci clnd frecvenjele satisfac conditia de
egalitate

Wy =0~ 4+ ot (20)

apar termeni seculari. Impunind condifia de anulare a acestora se ajunge la
urmitoarele perechi de ecuatii diferentiale cuplate, de prim ordin, pentru A7,
Az, 4% s AT

dAt K A~
AL S e AT W

(st | 2 8wl (21)

P

' a4
Bo2 — wl?—2Q0w~) —— 4 v(o™2 — K%?) A” =

alet)
= i 0 4 og) (0 — opdt —i B2 (@ o) Q4L (22)
;’Z) LY “’ZZK (Q — o) —‘i (23)
Bu~? — T — 2Qu") 3% + v~ — K2?) AT =
GT)
= i 572 (Q + @) (0 — oF) (0, — oF — Q) 4% (24)

P4

Amplitudinea AZ este asociatd cu o undé polarizatd circular la stinga, de forma
exp (i (KX —w~ ¢)), iar A% este asociatd cu o undi Langmuir de fcrma
exp i(KX + wF £} Pe de alti parte AL este asociati cu o undd polarizati
circular la dreapta, de forma

exp (t KX + to 1)
in vreme ce AL este asociati cu o undd Langmuir de forma
exp (IKX — ioli)
Din (21) si (22) se obtin solutiile pentru 4% 51 42, care sint de tipul expo-

nential exp (v £), unde v este dat de o ecuatie algebricd avind structura ecuatiilor
care caracterizeazi instabilitdtile de descompunere

(y + by +o) =15 (25)

unde .
ol = v/2 (26)
o= — V(™2 — K%32) ) (27)

v 3w — ol — 200"
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si

W V3 K @+ e -0 (28)

2 __
16k 302 — ol — 200~

Yo

(26) si (27) reprezintd respectiv coeficientii de amortizare prin ciocnuri ai under
Langmur si a1 undei polarizate circular la stinga [3] Pe de altd parte din (25)
se obtine urmidtoarea expresie pentru cimpul prag

E%, — 3":::,L Vz(mg —_ Qz)z(m—z — I—{Zcz) (29>
b K262Q 4+ ag*(Q + o)

Ecuatule (23) 51 (24) dau in loc de (28) expresia

w; VEKR  (wg — Q) {0y + Q{wy — 0L — Q)

2 30
To 16l 8071 — o’ — 206~ (50)

1ar pentru cimpul prag se obtine
- B2 — 8m? wl Vel — Q%) (0t — K2c?) (31)

m; K2e? (0] — ol — Q)

Astfel, in luciarea precentatd s-a arétat cd existd doud posibilitdfs de descompu-
nere ale cimpulut hibrid fie intr-o undd Langmuir s1 o undd polarizatd circular
la stinga, cimpul prag fund in acest caz dat de (29), fie intr-o undd Langmur
st o undd polarizata circular la dreapta, cimpul prag fund in acest caz dat
de (31)

Ne-am limitat doar la perturbatile care se propagid paralele cu cimpul
magnetic extertor Pentru cazul in care se considerd cd direcfia de propagare
este perpendiculard pe acesta, ecuatule diferenfiale care se obtfin sint de ordin
superior, cu coefrcienti variabili

Multumesc prof M Driganu pentru sprijmul acordat in timpul elaporéni lucririt prezentate,
(Inirat in redachs la 11 morembris 1983)
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THE PROPAGATION OF ION ACOUSTIC WAVES IN AN ARGON-HELIUM
PLASMA WITH WARM IONS (III).

The kinetic theory

M. CRISTEA

We have analysed the propagation of ion acoustic waves in an Ar-He plas-
ma with unequal 1on temperature using the fluid model [1]. As it is well
known, such a treatment allows the calculation of the phase velocities of 1on
acoustic waves, but does not permit to derive the damping rate of these wa-
ves

The aim of this paper is to analyse the linear propagation of ion acoustic
waves 1n a collisionless plasma with unequal 1on temperature, within the frame-
work of the kinetic theory. In this way we can calculate both the phase velo-
city and the damping rate

The dielectric constant for a longitudinal wave 1 a multispecies plasma is

ka 8
(%, _1~Z"’f" BB (1)

‘U'—b)

where w,, 15 the plasma frequency for species 2 and £ 1s the unperturbcd distri-
bution function Considering isotropic ditribution func’uon equation (1) becomes

(4]

- (02 h Ufo
eho)=1—2rp, -2 ' dv (2)

If we take Maxwell distribution
\/nu =3 exp (—v2ful) (3)
where #, 1s the thermal speed of species 4

us = 2T m, ‘ (4)

and write the dispersion relation of longitudinal wave e(k, w) = 0 for £~ 0,
we obtain the dispersion relation of the ion acoustlc waves 1o a two 1on spe-

cies plasma
seVE ot V- e
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where . ! N

[e0)

Zifn) = 2 f L 6

B Ve J g —t
and the following notation have been used
« = nfn, p=mylm >1,  u,=mylm, > 1
0,=T,/T, : =1,2), s=wlku, (7)

Here 1,2 and ¢ refer to the light ions, heavy 1ons and electrons, respectively
The first term of equation (5) corresponds to light ions, the second to heavy ions
and the third to electrons

Equation (5) can be solved numerically for various values of plasma para-
meters We hmit our analysis to-the asymtotic regions and derive approximate
analytic expressions for the phase velocity and the damping rate of the 1on
acoustic waves

The function Z' has the asymptotic expansions

Z'() zn3+ni L. —demne™ for n]> 1, [Req> [Imn] (8

Z'(n>:—4(1—§n2+ i) for Il <1 9)

Using these expansions for large or small arguments of Z’ functions, equa-
tion (5) can be written n the form

Fls) = 0 (10)
Assuming the imaginary part of s much smaller than the real-part, one derives
ReF(Res) =0 (11)
Ims= —ImF (Res) “”M‘") (12)

ORes

From (11) we can find the phase velocity and from (12) the damping rate of the
ion acoustic waves .

For a plasma consisting of hot electrons and two 1on species with unequal
temperatures, the following three case} can occur [2]

Case A The phase velocity of the wave 1s much larger than the thermal
speeds of both 1on species w,/k > u,, %, Since s represents the phase velocity
normalized to u,, the previous inequality 1s equivalent to

o :
s> 1, s E>1 (13)

s\/% <1 ‘ (14)

On the other hand
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Hence substuting in (5) the expansions (8) and (9), and making use of (11), (12)
we obtain the phase velocity s and the damping per cycle 7

§% = 2%2 (1— o + an) (15)

, Ims Jn-s 0y 6
T T Res— % [el\/uel"'XP(“u_e )+—“eXP —) +\/]

These values correspond to the principal hight 1on mode [3]. The inequalities
(13) Iumit the allowed values of the light ion concentration. From (13) and (15)
it follows -

i a>2h-1 28 —1 (17)

_ p—1 - p—1

Case B: The phase velocity, 1s smaller than the thermal speed of light 1ons
and larger than the thermal speed of-heavy ions #; > w,/k < u,, or

s>1, s PL61<1 (18)

Thus we can use the small argument expansion (9) for both the electron and
light ion Z’, and the large argument expansion (8) for the heavy jon Z’. The
phase velocity s and the damping 7 are given by -

=0 1€ (19)

20, o+ 6
exp (—s?) + v ] (20)

and correspond to the principal heavy ion mode [3]. The inequalities (18) restrict
the range of values of the light ion concentration

_Ims __ «/r:sel [a
" Res 2(u + 6y) p.61 +

1 — 2p6, <a< 6,(1 — 26,) (21)
1+ 2p 0; + 26,

Case C. The phase velocity is smaller than the thermal speed of the heavy
ions, and larger than the thermal speed of the light ions u, > w,/k < u,, i.e.

8
s<1l, s\g>1 (22)
The quantities s and » are given by
‘ ‘ . — (23)
2(1 — « + 6,)

N

y - Jrs o, [ 0 ex (_ )
20 — a + 6y uo P
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The values of « are limited by the restriction

26,(1 + 85) < o< 2(1 + 8y) (25)
20, + 6, 24u

It is easy to see that (25) can be satisfied only 1f 0,/6, > p, consequently very
low 6, values are required As far as we know, this case has not been consi-
dered yet

We are going to apply the above results to the particular case of an argon-
heltum plasma, which has been investigated both theoretically [3] and experimen-
tally [5, 6] First we assume equal 1on temperature 6, = 6, = 8, as in the men-
tioned papers. Only the cases A and B are possible The results of calculation are
displayed in fig. 1, for 6 = 1/9 (this value being equal to that taken in [6], and
very close to those assumed 1n [3, 5]). The solid lines represent the phase velocity
s as function of the light 1on concentration, and the dashed lines the damping 7.
The branch A corresponds to the principal He mode, and branch B tothe princi-
pal Ar mode [3]. The two modes can propagate stmultaneously only for « values
situated in the vicinity of 0, 2, in agreement with the experimental results [6].

Now we assume unequal ion temperature. Fig 2 shows the varation of s
and 7 as functions of the concentration «, when 0, has approximatcly the same
value as 1n fig. 1 (namely 6, = 0,1), but the heavy ion temperature 1s smaller
by two orders of magnitude: 0, = 0,001 It can be noticed that the decrease of
the heavy 1on temperature affects strongly the phase velocities of the two modes
(which are larger by about one order of magnitude) as well as the damping rate
of the heavy ion mode (which 1s approximately three times smaller) In this
situation the thermal speed of the Ar 1oms 1s very different from the phase
velocity and these 1ons cannot resonate with the wave Thus the damping rate
is very small and the Ar mode can propagate even if the He 1on concentration 1s
relatively large. The two modes can propagate simultaneously 1n a wide range of
the concentrations. (0,2 < « < 0,8). Hence it appears that the linear propaga-
tion of the ion acoustic waves is modified significantly by the presence of cold

s r
/""’n\. 5 |-—~-<» —— T - - —r
8 /B o8 80{’ 08
/n A
4 -
! A o
/7 -/’ -
sl o ARy 60k o T 06
/ //' \\\ o i Tel o
7 ¢ 1l A<
/ e . e N
i/ e 04 40 e T 0k
/ T WA L N
!
/ N -~ 8 ~,
2 ~__B 02 N el oA o2
\_N\\ ! ! \\i’\‘ ~~~~~~~ — -
I ———
e j I ! — { —L L
0 01 07 04 06 08 1 o 0 02 04 06 08 o
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heavy 1ons, whereas 1n the case of nonli- s r
near propagation only quantitative changes 1o 4
have been mentioned [71.

The curves plotted on fig 3 correspond
to 6, =0,001, and 6,= 0,1 Only the B8
cases A and C are possible (The values of »
for branch A have been multiplied by 10%) |
The mode represented by the branch C
differs significantly from those represented
by branches B on figs 1 and 2, which are i}
situated approximately in the same range
of « values Its phase velocity is smaller

than the thermal speed of the Ar 1ioms, 2y o2
and 1t increases as o increases, whereas the O e AL
damping rate decreases. Hence this mode R el sin S
cannot be considered as a heavy 1on mode ° o1 02 0% 06 081 «
altered shightly by the cold light 1ons, Fig 3

rather, 1t 1s another branch of the light ion .

mode, which does not exist if the light ions are warm Its damping rate 1s
relatively large, but of the same order of magnitude with the damping rate
of 'the heavy 1on mode 1n the case of equal temperatures (fig 1) The latter mode
has been observed experimentally, hence 1t can be expected to also prove the
existance of the former.

In conclusion, because of unequal ion temperature, the values of both phase
velocity and damping rate of the 1on acoustic wave are strongly affected More-
over, if the light 1on temperature 1s much lower than the heavy ion temperature,
1t seems that a new mode can propagate

(Recewed July 3, 1984)
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N O U1 R G0N

PROPAGAREA UNDELOR IONO-ACUSTICE INTR-O PLASMA Ar—He CU IONI CALZI (III)
Teoria cineticd

(Rezumat)

In cadrul teorie1 cinetice se analizeazd propagaiea undelor 1ono-acustice intr-o plasmi cu doud
spect de toni cu temperaturi diferite Sint menpionate aspecte noi fatld de cele prezentate in lite-
raturd pentru plasma cu temperatur: egale ale 1omilor
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EFFETS NERNST — ETTINGSHAUSEN DANS LE RUTILE (TiO,)

V. CRISTEA, V. BABES et E. ALBERT

On sait que si on passe un flux thermique suivant la longuer d'un échantillon
semiconducteur réctangulaire (axe X), entre les extrémutés de l'échantillon on
obtient une t.é m U,0), appelée tension Seebeck ou thermoélectrique [1][2].
En superposant un champ magnétique pérpendiculaire B, suivant l'axe Z,
la tension Seebeck devient U,(B) ILa différence U(B) — U,(0) s’appelle tension
Nernst—FEttingshausen longitudinale, effet en étant caracterisé par le coefficient
Nernst-Ettingshausen longitudinal Q,, donné par la relation

B)

1 a(B) — «(0) s ‘
Ll T2 1
Q= . [T—2] (1)

ot «(B) et «(0) represéntent les coefficients Seebeck en champ magnétique,
respectivement dans I’absence du champ magnétique

En méme temps, une tension Nernst—XEttingshausen transversale U, appa,
rait ausst dans la direction de l'axe VY, le coeffictent correspondant étant Q-

donné par la relation
U v
0 =57 |7a] @)

o aBV, T ﬁ

ot a est la dimension de l’échantillon smvant I'axe Y et V,T est le gradient
thermuque swvant I'axe X

L’étude cxpérimentale des effets Nernst-Ettingshausen a été faite sous
vide (107®*mm col Hg), par la méthode de la compensation, utilisant comme
appareil de zéro un microvoltmetre électronique, & l'aide de l'installation déja
décrite [3]

Les résultats des mesures effectuées & la température ambiante ont con-
firmé la dépendance du champ magnétique des coefficents @, et Q,, suivant les
relations (1) et (2), mais on n’a pas réuss: a vérifier la limeéarité U,(V,T) & une
température constante

Le flux thermique a été établi suivant 'axe cristallograhique ¢ de I'échan-
tillon monocnistallin de rutile (T10,) dopé avec du niobium (0,7%) A partir des
valeurs mesurées, on a calculé le coéfficient longitudinal pour une différence
de température de 12 X, soit Q, = —1,3 107 T2 De cette valeur on déduit
la variation Ae du coefficient Seebeck due au champ magnétique, Aa = a(B) —
— a(0) = —3,3 1072uV/K

La valeur théorique Aoy est [4]

Aoy = I k u2 B2 (,, _ l) lI‘(sr +1) 1T 4+ 3/2)] 3)
8 e 2){D¢+2) 2 Tir+2)

ot west la mobilté des porteurs de charge et 7 le paramétre de diffusion. Vu
que la parenthése contenant les fonctions I' est positive, on obtient une valeur
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négative pour A« en supposant qu'a la température ambilinte, la diffusion par
les phonons acoustiques est prédominante, donc en prenant » = 0. Ainsi, pour

=142Tet u=1,1-10"2m2?V s [5], la valeur calculée est Auy = —4 -
- 1072 uV/K, donc en bonne concerdance avec la valeur Ao mesurée.

Pour I'effet Nernst-Ettingshausen transversal, on obtient & partir des don-
nées expérimentales, dans les mémes conditions que pour 'effet longitudinal,
le coefficient transversal ¢, = —0,9 1077 V/T K. L’étude théorique conduit a
la relation [4]

3x k 1

Q=T ufr— g (4)
et, en faisant les mémes suppositions que pour l'effet longitudinal (r = 0,
% =1,1-10"2m2/V's), on obtient la valeur Q;p = —5,6 - '10"7V/T K, six fois
plus grande que la valeur @, mesurée Cette discordance montre soit que la suppo-
sition 7 = 0, bien que confirmée par I'effet longitudinal, n’est pas correcte,
soit que les trés faibles effets de deuxi€me ordre qu’apparaissent dans les maté-
riaux avec une mobhilité tellement réduite, demandent des conditions de mesure
plus sophistiquées, pour pouvorr étre correctement évalués.

Nous pensons que cette derniére observation explique d’autre part ’absence
totale dans la littérature de spécialité, des références concernant I’effet Nernst-
-Ettingshausen dans le rutile

- (Manuscrit recu le 26 févrer 1985)
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[2 0 N OO N =

EFECTE NERNST-ETTINGSHAUSEN IN RUTIL (TiO,)
Rezumat)
S-au pus In evidents efectele Nernst-Ettingshausen longitudmal si transversal inrutil (TiO,

monocristalin impurificat cu 0,79 Nb. Rezultatele experimentale confirm#i predominanfa dispersiel
pe fononi acusticl la temperatura camerei pentru efectul longitudinal.
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UPPER CRITICAL FIELD FOR A p-WAVE SUPERCONDUCTOR

1. KOSZTIN and M. CRISAN

1 Introduetion. The occurence of superconductivity in some alloys and metal-
lic compounds suggested the possibility of the p-waves pairing treated first by
Balianand Werthamer [1]. Recently, Anderson [2] pointed out that
m the heavy-fermions model of superconductivity the triplet pairing is more
favorable at very low temperatures The temperature dependence of the upper
critical field H (T) for a heavy-fermions superconductor with siglet pairs has
been calculated by Crisanand Kosztin [3] However, recent experimental
measurements showed the existence of a strong anisotropy 1 UPty [4] a material
which also shows spin-fluctuations at low temperatures

In this paper we present the calculation of the upper critical field He as
function of temperature for p-state superconductors The spin-fluctuations effect
can be considered immediately as i [6]

The method for calculating He has been given by Werthamer, Helfand
and Hohenberg [5] for a siglet state superconducter We will present a
sumilar calculation for the p-wave pairing.

2. The model and the order parameter. We start with the Hamiltonian

H— Sda‘; “p:(;){[z—l,,} 0 —f—jz)i— P-l Oap + HOGZBH} S’Ja(—;) - M

_ % 5 @V V) VE —7) Yalr) dul?)

where the first term 1s the energy of the electrons in an external magnetic field
and the second term describes the p-waves pairing. In this case the Fourier

transform of V(r —7) is
VE—F) =g + 3 k¥ (2)

where (we consider g, < g) k is the unit vector of vector k. The general equation

for the order parameter Ag(7, 7') can be obtained for the Gor’kov equation and is
of the form

Bas(7,7) = VO = 7) T D (@HE% GurlF, %, 00) M@ 7y G (0 4, — ) (B)
where Gog(*, %, w,) is given as

— - — - 7 '.’;—)
exp [2ie @ (x, x)] - Gog (%, %, ) = 5 ;::, e’ . 4)
\ i — e(k) — poH(ah, — 0(,53) + rY sign o
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with @ = 2rnT(n 4 1/2). Equation (3) contains the electron-electron interaction
V(# — 7). If this interaction 1s of the short range order, 1t can be considered as
bemg proport1ona1 to 3(r —7 ") The Fourter transform of the order parameter
Ag(7, 7) will de written as

Bap (7', F) = | @ exp [~ R 7)) A7, 7) (5)
and in fact the order parameter is a slowly varying function of the center-mass

coordinate %(?—}— 1_'"), a variable which can be replaced by ¥ in (5) Equations

(3) and (5) can be transformed as
P 3g,m? [ 10~ 22
A =T A R
a8( ) 4t ; S =

— -

2 (ot — &) x] exp [1% [{(R)] Np(B)  (6)

exp [ 2|
This equation can be transformed (see Appendix A) and finally we get

+ 3 2 da_' ‘ 2
A“B = —glm: T 2 ST‘F" P. Py, XD ['94—'[" — e ] ia (7)

4m2 20| H = %y (@)

where

tep(0) = [2]3[[{]1/2[2[@[ n %juonsxgnm (of, — czﬁ)] ®)

3. The upper eritieal field In order to obtain the temperature dependence
of the upper critical field H, we write equation (7) as

' T, - 3y _ oW
Npln 2= 25 [|2n+ 1 S"‘"(m)] Ao ®

and because Syh(w) = Sap 8y, equation (9) becomes

) ‘ ,
winZe = 55 [ Sl 2k (10)
where
1
a Tl 11
Sap(w) = O (11)
o AT e At
( ) 2v4 ‘\/2IG[H 2 S ot pJ‘ P 4 “ccﬂ(“’) , ( ).
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S¥3 (w) = 8T S e p? exp [— al 7 ] (13)
B (@) 2oy TR ) B 1 @
N — 1
- 2nT,, =

7, being the scattering time associated with the mean free path,

In Appendix B we presénted the method of calculation of the integrals
from (12) and (13) and we obtained

S% () = —L ng dos e ™ {[1 — (otap () %) 2] aTctg ogp ()2 + (ctap (00)2) =1}
4o, J2[e[H

(14)

o) = St e (I (o0 ) et g () 4 s (0) )

(15)

while for the Balian-Werthamer state [1] it has two diagonal components
with « = B and a non-diagonal state with o # B. In the first case the paramagne-
tic effect is washed out, but in the second case we get the usual result

4. Dirty limit. In the case 1n which the mean free path of the electrons
is much smaller than the coherence lenght aup(ew) <€ 1, we get from (14) and (15)

S2* 0) = 4 [molw) =2 dlo ()] "2 g (14 2 dele))  (10)

R

Sie) = Awms(e) — 5 o) 2 gy (L 5 dle))  (17)

5
where 4 =2n TfvgA2|e| H
From (16) and (17) we calculate S;'Bz, Sﬁa as

6 &
20 + 114+
Sah () = (18)
Hm+u+3£wn+u+ﬁﬂy%9‘
! 5 ¢ 5 tJ
2 4114 = =
Saglw) = 5 ! (19)

[(I2n+1|+%%)(|2n+1|+%%)]+(?’.

2 ~— Physica/1985
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and the general equations for the ,reduced fields” h are

' 1 @ 1 toaLe
me=3 | ~ Si(o)] (202)
¢ #=—c0 [2n + 1]
mle Nl (e) (20D)
) []2n+ TR J
where _
e : . "__ 1 \
h= 3-n:TwH’ ™=
s . \ _ e
3 T
— Zf = —
* 2mvic Ty

5. Conclusions. For a p-wave pawrng we obtained an amsotropic upper cri-
tical field. The effect of the paramagnetism 1s ‘strongly afected by this pairing.

)

A;bpendtx A

7

The general equation (3) will be ‘cransformed usmg for the Green functlon

éw(;: x, co,,) and the expressmn -
Gy 7 , ) = exP [21e(D 7 D] G %, ) - (A
where L o o Lo
o, ?’):fd‘é?i(?) | (A 2)
v - . ) - L
Equation (3) for A, becomes = 5.¢ 7 ’ N S
A7, 7 —7) =V 7 T2§d3x Bx GoYr, 2, —w,) X
R A - (a3)
Ay (3, Fe #)iedp [2te B (3, ?)]fc;w [% @+ 77— m,,F)]
'ant{l ‘ DI

f

o@.7) —of# LBy e [3 0+ 9.7 (4 4)
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Using now the Helfand-Wethamer [_5] 1dent1ty we get from (A. 3) and (A 4)
the equatlon - , -

N Aag(f‘[ 7’—1’) = V E S dﬂ;%dazlégp(;/’ —_

o,

eip 1% — 7)1 (R'Z]\{exp [Fi - MR aEE-F @y

‘1): - :GG‘Y( :’_;:.—— ;’,(‘oﬁ)}—»

R

where 1 .
M (R) = ~i 7 +2¢ A(R)

The Fourier transform of (A.S),deﬁ.ned by (5) 1s

Ao (R, ) =‘S g”; T S BF BT exp [1 B (3 2)] ColF, — )
i ' e (A.6)

exp [— ‘ﬁ< )J {evp[ T (R A, ﬁyéa»(fe‘_, 7 on)

—

For the p-waves pamng we have for V( ) the form given by equation (2) and
for the order parameter N T R '

wiies o e o ST AN
Aw(R, k) = Ap(R)E,  1=1,2,3 (A.7)

N LY uo_ - vy [

Equation (A.6) becomes -

= 3 ' - :*" I a g 1 \: W \—bt:—» LT —
(R =3¢ T ; S adx' d3xS %k{ k; exp [tR' (%, — )]

G3y(%; —a,) exp [é %1l ‘(ﬁj] {é'xp [% X1 5] 'Agp’(’éj- G (R 7 0,) (A8

e

and if we use the identity

S ;’; ko k) exp (R %)] = %x,5(% — %) (A.9)

equat1on (A.8) becomes

AR =

3

3i1m2 ngd"x‘x::’ exp [—-z[w|x+151gan(o-m— opg) %]

._ Texp izl (z‘e') R, (A.10)
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In order o obtain this- equation we-considefed in (A‘.S) Gap = Gip as a ‘géoa-
approximation and the product of the two Green functions has been replaced by

~

— =N({0) ]2 A r x
Goa(%, ©,) Go(x, —0,) = [ﬁ] exp [—2|w]| x 4 2 sign w H(6ex — opp) %]

The operator = (IT, I_, I.) will be written using the operators as
ay =CIl. a,=C'Il], (A11)
and for A = (—Hy, 0,0) the constans C and C’ will be determined from the
conditions )
[H‘H H]:' = ’is‘lﬂink
[o_,ay]=C I, 1] =1
as

C2= [4[e|H]? (A.12]
Product- ¥ I1 will be written as ’

xIl = YoIl = vyp, (I, cos ¢ + I, sin @) + yo 1L, (A 13)
nd using for constant C the parametrization ¢ = e we get

- = 1
2l =y yle| H (C*ar. + ca_) + vpy =

equation which will be compared with (A.13). In this way we get v [|e] H]/2=1/ JQ—
and C’ = y~! Following the method developed in [5] we calculate
O] exp (iF11) 0 = <O exp [+ L ca_ + c*a,) + 10100 10> =
= (0| exp [’_P-_l Ca_] |0><0 ] exp [tp;l- c*a_,_] |0> exp [ N PL [a_a+]} (A 14)
NG} 4 2

. 2 12_ a+m Cacm m = _ s

= e et B[R] 55 1 a0y = exp e
From (A.10 — A.14) we get equation (7).

Appendix B
We have to calculate the eigenvalues

— 2
0 3T 1 (d% 2 ] P
—. 9t (e — = B.1
S1a(e) 200 N2]e |H 2 S ot PLexp [ 4 aag(“’)] (B.1)
— 2
8y _ __ 8T @ 2 A e B.2
So(w) 20, fzn"lHS o PUEED [ 4 %a(w)] (B.2)
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which will be written in the general form

1= (@%/() exp [~ok/4]

The Fourier transform of function f(p) is

and (B.3) becomes

- d’_. - g
I= S &% o Flg) exp [~i5d] exp [~ /4]

= {22 7@) (% exp (o] = [ @5 2

°. Flg)

(2m)®

{7 T Ty exp (—i7e) =

EN I

S daaF (‘q’) @ty

2

°§ | degdgFig o) e~
0

20

LN

1ntegral (B.5) becomes
—(axote, o= (40 F (3
ki
0

and using the expansion

© 1 -

exp (iF7) = 4m 35 35 (k) Vim[~ )y,,,,( )

J=0 me=—{
i1
W) =\ g T 1

function F (—z;) will be written as

—

FQ) =4 @35 T 6 0260 Vin[ )} Yin ()

T =

o

gap A 3 itea)[[ 406 Vin ] YinGle)

l=0 mo—]

21

(B 4)

. (B.5)



If we write (B.1) and (B.2)-as
S
G

the ‘integrals '.1*"

dse asp
Xy = { %2 o} exp [—ol 4 — pfons(e)) = (L2
) % ; : N + P

and we get
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/a( )1, /16x o :
and for I =2, f(p) = 2 \/16— Yzo p/P)
F(g) = —4n § dp exp [~ p/ocae( )]Yzo(q/qm )
F AT
and in this case q, =0, thus -

F(g) = —4r | do exp [—p/uup(0)] jaleg) |

¥ -
1

(G %S)’\‘%}Sﬁ? dugye Q‘Bﬁ?@j a2)° ex
0 0

(1)'2(C9) = DX, Sg(“{) = 2DX2~ o

sin?@ exp [ S

-
(SO

IL’

— — 2
_{d% = 2 . ___ __"_ P_L_ 4

X, —5— piexp[—p1/4 — pfaep(w)] = j o .cos?f eXP[ i
can be calculated using the above results.
Let us define

X=X+X, Y=X;—-38X, . :2 .-
with )

= 2

. _ (% Pl _* ]
A X S p? EXP [ 4 % (w)

—(¥q _ cos _fL e -

Y = S = (1 — cos?6) exp[ el (m)]
and following the:method from [5] we get g
A ' © - '
X = 8n |\ du exp —u? arctg # aup(w)
(« /’1 A C e
For the calculation of integral (B 14) we use (B G6) with
© es moIdrr. ~ 4o» !
< Q) = =\ dedp [—4x exp (Zpfas(0)) 12(eq),.
(2] f(—“*—}’;§~f (SPIYEING e (I N R ol
? 4 v

N -

— =t Qw

(B.10)

(B.11)

. (B.12)

(B 13)

. (B.14)

(B.15)

(B 16)
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Using the relations

S IR = ) < i)

and
\ de’e;“‘ 75(%) = Za + a? arctg 1 + Z{a)
N J 1 ) a
o . RN h(a)ﬁ:"Q L + L arctg a
! P . oL LS a,'a
we get ; -
X, = 4 (du cxp - uz{[l = (mag(0) 1)~ ]é}cto aaﬂ( )+ (cua)) 1) ) (B.17)
) i ) \
w 14
X, = 4=. g duexp — w{{1 + (wap() ) 2] arctg wup()  — (wap () 1} (B 18)
) )

(Recesved March 14, 1985)
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CiMPUL CRITIC SUPERIOR PENTRU UN SUPERCONDUCTOR CU UNDE p

Rez uma t)
-1
i In lucrare se calculeazi dependenta de temperaturd a cimpului critic superior pentru un supra-
conductor in care parametrul de ordine apare din cuplajul electron-electron in stare de triplet.
Rezultatul este in concordantd cu misuritorile efectuate pe materiale in care supraconductibilitatea

se datoreste electronilor din piturie localizate (fermiom gres) §i explici anizotropia cimpului critic
_superior _
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MAGNETIC BEHAVIOUR AND SPECIFIC HEAT
OF DELUTED Mg-Gd ALLOYS

IULIU POP, GALIGER EVA, NEDA ARPAD and MARIN VANCEA

1. Introduction. There are very few studies on deluted Mg-Gd, system alloys
from the physical viewpoint, owing to the very reduced solubility of gadolinium
in magnesium — between 0.16 to 024 at. 9% at room temperature Neverthe-
less, from the magnetic point of view, this system appears very interesting, since
it represents a combination between two very different elements as magnetic
properties . gadolinium is ferromagnetic, with a strong localized magnetic mo-
ment, having 7,98 up effective magnetic moment in the paramagnetic region,
while magnesium is a Pault paramagnet with atomic susceptibility y, =13 - 25 .
- 1078 cm3/mol.

The solid solutions of the magnesium-gadolinium system crystalizes in cubic
lattice of CsCl type, having the lattice parameter a = 3 - 787 A (2).

2 Experimental method. The samples have been prepared by arcomelting
m pure argon atmosphere under pressure, using metal of 999, Gd purity and
99,999, Mg After melting the samples were quenched, and their composition
was determined by chemical analysis.

The magnetic susceptibility has been measured between the temperature
of liquid nitrogen and 800 K, using a Weiss-Forrer type balance, having 10-8
cm?/g sensitivity (3)

The temperature dependence of the specific heat was determined using an
adiabatic calorimeter (4) adapted for high vacuum and small dimensions of the
samples

3. Experimental results and discussions. The temperature dependence of
the reciprocal magnetic susceptibility for the samples with 0015 and 002 at.
% of Gd is given in figure 1, and for the samples having the concentration
between 0.156 and 2 065 at 9, of Gd in figure 2.

As 1t can be seen, at high temperature region, the thermal variation of the
reciprocal magnetic susceptibility is linear according to the Curie-Weiss law The
magnetic susceptibility points out an obvious increase with the gadolinium con-

centration increasing in the samples By extrapolating the linear part of 1 (T)
x

dependence up to the intersection with the temperature axis, for the most part
of the investigated samples, a negative Curie paramagnetic temperature, 6,
is obtained. Only for the 2 065 at. %, of Gd samples the 6, > 0

These results indicate the possibility of on antiparallel ordering of the gado-
linium atom magnetic moments Indeed, below 400 K the temperature dependence
of the reciprocal magnetic susceptibility 1s not a linear one, the-anomaly being
more pronounced when the gadolimium concentration decreases 1n alloys.
The phenomenon is very clear expressed for the investigated sample with
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the lowest gadolinium con- wtem s mm e e e

tains 0.015 at. % Gd, for [ ]
. 1

which the dependence — (T

. . p 3 (T) ‘ /

as a very sharp minimumn 6.5¢

around 108 X temperature

This minimum in thermal va- "

riation of the reciprocal mag-
netic susceptibility may be
very easily correlated with the 03fF .
antiferromagnetic ordering of |
the gadolinium magnetic mo-
ments, and the temperature 02
corresponding to the minimum
critical Néel temperature,
From the first and second fi-
gure 1t 1s easy to notice that

0,1

Néel temperature shifts to the A
160 150 200 THK)
lower temperatures when the Fi6. 3

gadolimtum contains increase.

It is 1interesting to un-
derline that the anomalous
temperature dependence of the reciprocal magnetic susceptibility maintains
itself even for the samples which are no longer in the solid solubility phase,
except the last 2.06 at. 9, Gd concentration.

In the purpose to elucidate the nature of the minimum of the temperature
dependence of the reciprocal magnetic susceptibility shown in figure 1, 1t
has been determuned the temperatwe dependence of the specific heat at con-
stant presure given 1in figure 3. From this figure it 1s obvious that the specific
heat presents an anomaly at 109 K. This anomaly 1s characteristic for magnetic
phase transition. So we can conclude that the anomaly corresponds to Néel
temperature, and the investigated alloys are antiferromagnetic at low tempera-
tures The negative values of the paramagnetic Curie temperatures, 9,, given in
figure 4, as concentration function, confirms these results. The concéntration
dependence of the paramagnetic Curie temperatures decreases linearly with con-
centration decrease of gado]imum atoms and below 0.05 at. % Gd 1t sudden’c]y
falls down to — 900 K. -

From the linear part of the temperature dependence of the rec1proca1 mag-
netic susceptibility the Curie comstant values for all investigated samples and
finally the effective magnetic moment values per gadolinium atom have been
determined

The concentiation dependence of the effective magnetic moment per gadoli-
mum atom is shown in figure 5 One can see that at high concentrations of
gadolmium atoms, the value of the effective magnetic moment 1s approximately
constant, and equal to 84 pp, greater than 7.98up which corresponds to Gd*+
" ion state Below the 03149, at Gd concentration the effective magnetic moment

value incraases as the gadolimum atom concentration deccreases, and reaches
31.84 pp for 0015 at 9, Gd.

Fig. 8.
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The magnetic behaviour of these alloys is very interesting and very strange,
especially for the solid solubility region. The emphasized antiferromagnetism and
the extremly high values of the cffective magnetic moment per gadohmum atom
are not very usual in such a type of alloys.

These so intercsting effects can be explained by the high density of states
of the conduction electron at the Fermi level. The antiferromagnetic coupling
between the magnetic moments of gadolinium is determined by an indirect ex-

change coupling through the
- , conduction electrons of the Ru-
Cdeé; () dermann-Kittel-Kasuya-Yosida
324 type (5), the alloys being diluted

The presence of the gadoli-
nium strong localized magnetic

20 moment of 798up/Gd at gives
! 267 rise to a strong polarization of
‘ 24 the conduction electrons around

the Gd3* 1ons in the crystalline

221 lattice, and by this to a giant
20 . effective magnetic moment per
18] gadolintum atom
In order to illustrate the
%1 effects of the strong polarization
14+ of the conduction electrons by
12 the localized magnetic moments
[" o- of the gadolinium 1oms, in fi-
. 1 gure 6 we represented compara-
‘ : N tively the temperature depen-
SRS S W ST f S J dence of the magnetic suscepti-

- bility measured for the samples
€8 - "Fig. 5. : with 0.015 and 0.029% at. Gd
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(curves 1 and 2) from which the Pauli paramagnetic contribution of magnestum
atoms has been extracted and also corrected with 1onic diamagnetism of gadolinium
and magnesium, towards the susceptibdity of a corresponding’ proportion of pure
gadolinium metal (curves 3 and 4). One can see from this figure that the measured
magnetic susceptibility of alloys is much hlgher than the magnet1c susceptibility
of the pure metallic gadolinium corresponding to the proportmn of 0.015 at.9,
Gd and 0.02 at % Gd in alloys The'difference 1n the value of magnetic suscepti-
bility of the alloys is arising exclusively from the polarizing effect of the conduction
electfons, and by this, also the glant effective magnetic moments per*-gadolinium
atom we had determined

e 4 Coneluswns The magnesium-gadolinium alloys system with cubic crys-
talhne 1att1ce presents interesting magnetic behaviour determined by the alloying
between magnestum which 1s a Pauli paramagnetic metal with temperature 1n-
dependent magnet1c susceptibility, and gadolinium which 1s a ferromagnetic
metal with a strong localized magnetic moment of 4f electrons.
; . Because of the indirect exchange interaction between 4f electron of gadolinium
ions and conduction electronic system of Rudermann-Kittel-Kasuya-Yosida type,
the magnetic moment of gadolinium atoms give rise to an antiferromagnetic struc-
ture characterized by an anomalous temperature dependence of the magnetic
suscept1b111ty and specific heat around the Néel critical temperature

As a consequence, of the polarization mechanism of the conduction electro-
nic system around the gadolinium ions, a giant value of the effective magnetic
moment per gadohnium atom was obtained. The giant value of the magnetic
moment is increasing as the gadolinium concentration decreases, so for 0.015
at. % Gd the effective magnetic moment per gadolinium atom is 31,84 pp

v (Recesved Marck 14, 1985)

, .. ., . - -REFERENCES

1 E'M Savitzkis, V P Terehova, .E S Stepanov, Izv An SSSR, OTN, Gornoe
delo 1 metallurgia, * Nr 3, 1960
‘2.A, Tandell:, Acta Nazl. Tancer, Rend Class Sci Fiz Met. Nat. 1960 V. 29, p. 62—69.



MAGNETIC BEHAVIOUR OF Mg-Gd ALLOYS . -, 200

3. V.I. Tchetchernikov, I Pop, PTE., 5, 180—182 (1964)
4 F.Kelemen, A. Neda, Studia Umv. Babe$-Bolyai Ser Phys Fasc 2, 39, 1970
5. RKei Yosida, Phys Rev, 106 (1957), 5, p 893898 ,

COMPORTAREA MAGNETICA $I CALDURA- SPECIFICA A -ALIAJELOR DILUATE DE
. Mg—Gd

. (Rezumat)

S-a studiat dependentia de temperaturd a susceptibilititn magnetice in domeniul de temperaturd
80—800 K, pentru o serte de ahiaje diluate de Mg— Gd de concentratie 0,015, 0,021, 0,156, 0,314,
0,474, 0,81 1 1,5 procente atomice de gadolimu In domeniul temperaturilor ndJcate peste 400 K, valo-
area remprocé a susceptibilitdtu magnetice variaza lmiar in functie de temperaturi, conform legu Cune—
Weiss In domenml temperatunlor scizute, sub 400 X, variafia nu este liniard, prezintd o anomalie
sistematicy, caracteristici transformirilor de fazd de speta a doua, de tip antiferomagnetic In
cazul probei de concentratie 0,0159%, at Gd, valoarea reciprocd a susceptibihititu prezinti un mnim
pronuntat la temperatura de 108 K, ' temperaturi ce corespunde temperaturn Néel Acest minim
al susceptibilitdtil magnetice este In concordant{i buni cu anomalia observatd la temperatura de
109 K in dependenta cildurnt specifice de temperaturii, anomalie ce este caracteristicd transformé-
nlor de fazd de speta a doua

' Momentul magnetic efectiv determinat pe atom de gadoliniu este foarte mare, fund un moment
gigant de valoare p = 31,8 pg pentrn ,0,015% at Gd s1 8,17 pp pentru 0,3159% at Gd.
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- MAGNETIC PROPERTIES OF SOME a(Fe,0;—Cr,0,—ALO,)
THERNARY COMPOUNDS

OLIVIA POP, LIVIU_ STANESCU and LILIANA POP

1. Intreduetion. The thernary oxidic system «(Fe,0,—Cr,0;—A1,0,) has
in the composition triangle a broad region of solid solubility of the components,
except the Al,O,—Fe,O; side, where the solubility of the two components 1s
limited only at the extremity of the side, so determining in the phase diagram
of the system a lacuna of nuscibility. The crystalline structure of the thernary
solid solutions is rombohedral of the corindon type. Two phases of thernary
solide, solutions with rombohedral structure of corindon type [1—3] coexist
in the lacuna of miscibility, one of them containing more a—Fe,O

According to the neutronographic data [4, 5], a—Fe,0, and o— Cr203
oxidés are antiferromagnetic with the spin magnetic moments onentated antipara-
llel on the crystallographic direction <<111> for Cr®*ions in «—Cr,0, and alter-
native beyond two Fed+ jons in a—Xe,0,, respectively. The a«— Al,O, component
is diamagnetic. The interaction of all the three components in the solid solution
determines 1n first approximation a ferrimagnetic spin structure, the magnetic
moments of Fe?* and Cr®* ions being different in magmtude [6].

The presence of component a— Al,O,in different concentrations in the com-
pound may change the magnetic structural picture as magnetic diluant by atte-
nuating the exchange interaction intensity and as partner wich may change the
reaction in the solid phase. This is the reson we took again the investigation of
the compounds o(Fe,0;—Cr,0,—ALQO,).

2. Experimental. The samples preparation was described 1n [6], and their
molar concentration is given in Table 1. The! samples concentraion was
chosen so that the number of the spins be constant in all samples.

Table 1

Sample numbper 1 2 3 4 5 6
Fe,05 mol % 4.55 11.36 18.18 56 82 63.64 70.45
Cr,05 mol % 59.09 47.73 36.36 38.64 27.27 15.91
AL;Og mol % 36.96 40.91 45.45 4.55 909 13.64

T, K <100 <100 . <100 620 670 730

Ty K 170 274 294 820 1,040 -
®afflu.f, 1B 3.11 8.48 8.41 5.001 5.005 5.31
wyff cale, pp 3.23 3.34 3.43 5.069 5.136 5.204

The magnetic susceptibility was measured using a Weiss-Forrer equipment
with 1078 cm?/g sensitivity [7], in the temperature range 80—1,250 K, and mag-
netic field intensity of 4,820 Oe.

3 Experimental results and their interpretation. The temperature depen-
dence of the reciprocal magnetic susceptibility is given in figure 1. On the figure
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one can see that with «a—Fe,O, increasing, the magnetic suscept1b111ty of the
compounds increascs, while the temperature dependence picture of the recipro-
cal magnetic suscept1b1l1ty radically changes with the exchange interaction in-
tensity increase A -common characteristic for all the investigated samples is
the ferrimagnetic behaviour, beginning from the low temperature The first three
samples, with less a—Fe,O, concentration, are ferrimagnetic ordered bellow
100 X, while the other three samples with high eoncentraion of «—Fe,O4 have
the critical temperature, T, when the ferrimagnetic ordering vanishes, including
the temperature range bétween 600 and 800 K.

In the temperature dependence of the reciprocal magnetic susceptibility for
samples 1 — 3 (Fig 1), one can see in the first place non-linear variation followed
by a mmmimum and an extended linear variation, corresponding to a Langevin
paramagnetism. For samples 4 and 5 the thermal variation is somehow similar
to the ferrimagnetic one in the paramagnetic region, but without asymptotic
part, because there 1s a minimum followed by a linear dependence 1/x(T). Only
the last sample, 6, has a typical thermal variation 1/%(T) as for the ferrits with
two sublattices, obeymg the Néel law

1 1 T c
Sl B

A 2 C Tr—6

2

where y,, o, 0 are the constants depending on the molecular field coefficients,
and C 1s the Curie constant, connected with the effective magnetic moment.
Thus, for the more concentrated in «—Fe,O; samples a ferritisation process in
the spinel structure begms If the observed minimum in the thermal variation
1/x(T) for samples 15 1s marked by T,, as critical temperature corresponding
to a second order phase transition from the antiferromagnetic state in the para-
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magnetic state, then we have less usual succession of two second order phase
transitions ferrnmagnetism — antiferromagnetism and antiferromagnetism —
paramagnetism The values of the corresponding critical temperatures for the
observed phase transitions are given in Table 1 The critical temperature, T,,
correponds to the transition from noncolinear ferrimagnetic spin structure to
colinear antiferromagnetic spin structure, according to the Yafet and Kittel model
[8] Therefore, the critical temperature, T, represents the Néel temperature,
T, = Tx
* The noncolinear character of the magnetic spin structure for samples 4 and
5 1n comparison with sample 6 1s cleaily pointed out in figure 2, which represents
the temperature dependence of the specific intensity of magnetisation, o(T).
One can see that the value of the intensity of magnetisation for sample 6 1s
about three times greater than that corresponding to samples 4 and 5, and has
the usual form for the colinear ferrimagnet, according to the Néel molecular
field theory [9]
From the slope of the linear part of temperature dependence of the recipro-
cal magnetic susceptibility (Fig 1) we have determined the value of the Curie
constants and then the values of the effective magnetic moments per compound

formula, and finally dividing the obtained results by \/f the values of the effec-
tive magnetic moment per unit formula were determined These values are in
good agreement with the values calculated by using the formula

Pettput = [£1(ppes+)? 4 fa(pee+)?t?

where f; and f, are the molar fractions for «a —Fe,05 and a«—Cr,O4, pps+ =592 up
and p.s+= 3,87us are the theoretical effective magnetic moments values
[10]. :

T
"]
LY

]
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Fig. 2
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WHISTLER WAVES EXCITATION BY A WARM RELATIVISTIC °
ELECTRON BEAM

J. KARACSONY and S. COLDEA

I. Introduetion. Whistler waves are readily excited in experiments and in
nature. The frequencies of whistler waves excited in atmosphere lie in the au-
dible range and are detectable as radionoises. Their excitation by a momnoener-
getic, as well as, by a warm nonrelativistic electron beam has already been
considered [11]. Instabilittes of whistler waves arising 1 a plasma penetrated
by a gyrating electron beam moving along the magnetic field were theoretically
studied by Zayed and Kitsenko [2] It should be noticed that the excitation
of whistler waves by the helical beam occurs both at negative (anomalous Dopp-
ler effect) and positive (normal Doppler effect) numbers of harmonic. In our
paper we will study the generation of whistler waves due to the anomalous
Doppler effect and Cherenkov excitation as a result of the interaction of a warm
relativistic election beam with a cold magnetized plasma

II. Dispersion relation. Unlike 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
plasma there 1s 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 equaland opposite
to the beam current [3]. In this way the selfmagnetic- field of the system 1s
nearly zero, but on the other hand in the unperturbed state the plasma electrons
are no longer at rest, so the plasma contains a current flow. We will consider
a relativistic electron beam with number density #; and we will assume that
the average velocity of beam electrons v, is parallel to the external magnetic

field B, ortented along the positive Oz axis. The 1lasma electrons producing
the Teturn current have a mean velocity.

;1 = — (7 /”o);o | (1)

where 7, denotes the plasma electron density satisfying the condition #y > #4,

Expression (1) for the plasma electron mean velocity follows from the
current neutralization condition

700 + 75 =0 (2)

where 7,,., = —emy, vy and 7;, = —enyv, denote the unperturbed beam current
density and plasma current density, respectively.

Considering small perturbations of the system from a steady state and for
the situations in which all perturbations from uniformity vary as exp[i(k » —
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— wt)], the general dispersion equation for the plasma waves can be written
as [2]

ANt 4- BN2 4+ C =0 (3)

A = £,,51120 + £3560820 + 2e,, sim O cos O
B=2(c10695—€99€13) $112 0 cos Bt-e3—e, 1835 (€298331-c2s) COSEO— (e11850-135) 51020 (4)
C = egy(ensten + €3a) + ensels + Zegseagern — enoels
where N2 = R2%c%[w?, e,(1,7 = 1,2,3) are the dielectric tensor components of
the system and 6 represents the angle between the wave vector £ and the
direction of the external magnetic field B,. (One assumes that the wave vector
% lies in the x0z plane).

The dielectric tensor can be expressed by means of the conductivity tensor
¢ in the following way [4]

. 4

€y = 81] —+ TM' Oy (5)

The counductivity tensor components (more exactly 4niwe,) for a relati-
vistic electron beam -cold magnetized plasma system have been calculated [5].
Taking into account that #,, <€ #, and expanding (3) with respect to ratio
N = Mpof#, € 1 and retaining only the linear term, we can writte the disper-
sion relation for the electromagnetic wave under the form:

Dy+D' =0 (6)
wheie

D= (051120 -+ €3 c0s20) N4 — [e%d(1 + c0s20) + (0" —e5) sin20 |N2 4 (0" —e) (7)
and

D’ = (e, $in20 44y c0s20 + 2e75 5in 0 cosO)N* 4 [2sin 0 cos O(ieless —elels) —
— efegs(1 + c0520) — ef(eq, + £22€05%0) — (e, +€35) 5E#20 — 24edey 5020 N2 4
+ cag(el’ — ef) + edebleis + eia) + 20 chele], _ 8)
is a small correction to D,.

In expressions (7) and (8) we used the following notations :
. .

, ©
f=1——2
o — o)
2
0 ©p @,
€y =—
o(w? —mf)
2
©
0 ?
gg=1———
3 o ()
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2
T\ = myyu

where 7' and T) are the perpendicular and parallel beam temperatures res-
pectlvely
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tion Fof a‘)cgld‘ Raghetized rfﬂésmg LF&’)% the g;Jeneral case of, 0 lique wave pro
pagation this 1s a very complicated equation and analitic solutloﬁ? 4B Gbtar!
ned only for certain frequency ranges . Assunnng, Wpe O >, at 0 deferent
from mf2, from)Do_‘\= 4] theYiollowmg_ekpres[smn—caxg be .obtamed? for="the whist-
ler frequenmes oL 4] vie | We

O fite &
[ N [ v c‘”“‘ﬂm f rcoRos 8 o 020 0 0. 0.7 ¢
V(A — 18 gl )= RS o 4 0% 2 — (12)

j ]
A

. Now, 1ctaining thg small c,orrectlon-,D we obseﬁrc)that the roots of the
d1spe151on relation f01 the’ beam-plasma Systent’ will-be il the neighbourhood
of the roots of D, = 0' Expanding equation (6) about &, yields to lowest order .

v

(uorisimzo ozl oo™y C o= "w asdwr

oD, ’

. — S0 + D'(w,),=0 , (18
dlyrn o o ol L ',(,3mr)m=,mw’* ' I—L—J ) g: "’z\hi 1) (61} orerti Jh( )
b cgnorot o wwedsZ 8 ey duynclr Tiorn osar Hlsime odd 1ebrenos o sor i

We are mostly interested 1n the imaginary part of Bm that can be. wntten
as reido on (1) 1 —— 12hro
n
. S ImD’ () | 0050
R - LD Syye Zm‘Bw (_=~ —-——-\ﬁ\_——wJ — J— o= Qi (14)
» o (3D°/(7m)m-= By, 5 STAES R

The imagniary pdrt of O redults'from thie anfagiiary pdrtief Z(s,)7 Wrnitting
this function under the form [6].

[ Y if "0 w N o 0 )
B1) (10003 2 0¥ = g - TR o o gy SRt
5 12 <@
Z(s,) = —exp(—s3 2] ei’/zd — | 15
"
orrvol ol peor SO waniur movl

a%gli )takmg into account that, in . th’e cdsé “When for & certain number # equal
to #’, the expression w, — E.o,— nm ‘/Yo \’céfzds to ' zero, ImZ(s,) with 12 # #’

+
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are small compared with ImZ(s,), we obtain for ImD'(w,) the following expres-
sion *

, ojn'e, [x\12 s%,\ (i N
ImD" = n—2 % (~) exp (——— ——“ A —I— A,,' [efed — (e9sem20 +-

kv |\ 2 By

-+ eQIN?] 4 [(-— — 20" + Za) w— ZaA,,_H] - [e%ed — (e9sin20 4- sgcoszﬁl)N?-]] —4—

- 2! [(——I)A +A,,+1]( N2 sin? e)—z’ﬂ'*;—f""ﬂ’[sg((%—i)/ias{tyi;.,,ﬂ)ig

RS A,.'} N 4 (M)z LUy N sijivztl —{-003279)]‘ (16)
a ©, a .
when #’ # 0 (exc1tat1on by cyclotron res6nance tnder the bond1t10n of anBas
lous Doppler effect), and

n

T, Y2y a4 [ 6 wih \
ImD’ = s, —L- (_) exp(:: _0) {_ﬂ"ﬂ‘f—fi Ne 2 2% (g - A
2 2 o)Ba

T” Yoty N \
[efed = (e sin2 b+ ed cos2 B) Ne] — 2. 2777 g, — A ) N2 &
O 63,
¢ 6., ,
4+ ”g D el — e = N1 L eosz o)l {17

G

when #' = 0 (Cherenkov excitation).

(SI)The expression {16) for ImD’ is one very complicated. In order to stmphfy

it we will consider the small wave number limit (¢ € 1) Keeping the terms of
vy, od sy 18idd 03 1
order —= in (16), we obtain

a

\ . ofn e, ZHFO AL ;sl 4,
) ImD = n——( )(,(m% )

m; kx;“’fo 0 a

mYo

stn? B N4 - 02

untth o [2e9)88 4o 28 v dNVZ(edrt e Los it LelsmnX D 4o 26dspn? 0) ] —
(9] rrrol ofdd obny
— QP VoSO g oy N2t (k”_oYo‘é’_e [0 — e — e N2(1 + cosze)]} (18)
W -
@ ‘.",:_'a ~\,~r,3§m AN PUINNEVINN
Now, writing D0 under the form

2
Isupe v odurny nisiteo p ool | 98 R" oep)” Q&Z i1 's.r)r[} tworos ol L}”Iflb] Ignw
0= T e o
% o oddty (@ISl oo ol cete) sty — g5 o noreeowqxe o) | 3\ ()J
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and taking intd account that for whistler waves o > 0, > o, and neglectin
g ) ’ » g g

[ T T ‘ . "oy,
e higher-order terms in ©
I3 - m&

- /3 352 — 2N 4, ("
e \/%exp(—l)i[ﬂiﬂ—“—.”(zwgze)]

2 731 +c*h%w})? 2 a cos 6 o,
(20

It results from (20) that Im8w > 0 only when #' << 0. Thus the whistler
waves can be cxcited by a warm relativistic electron beani B}'f ‘cyclotron reso-
nance under the condition of anomalous ?Do'p'pie‘r effect.

The growth rate for Cherenkov excitation can be obtamned using expressions
(18), (19) and (174) Neglectmg the higher- -ot der terms 1n w,/w,, after the algeb-
vidc calculations rcsults '

- T Ay — 4
Imdw = — \/% So% L a(—“—g—z (cos 6 — w—‘”) exp (—— L%J (21)
o | Yo (1 4+ & k/mj,) A w, 2

, we obtain from (14)

Remembermg that s, = (o-— k& vy)/k:#,, the 1nstab111ty (Imdw > 0) appears
when & < & vo -

IV Conelusion. The unstable whistler mode solutions of the Jlinear general
dispersion relation for a warm relativistic electron beam propagating through
an 1infimite cold magnetized plasma have been obtained We find that the
whistler modes can be excited by cyclotron resonance under the condition of
anomalous Doppler effect and by the Cheérenkov excitation. The growth rate
for cyclotron resonance for small wave number limit and the growth rate for
Cherenkov excitation have been calculated The obtained expressions show that
- the parallel beam temperature retards the growth of the wave, but the cyclo-
tron growth rate decreases more slowly than the Cherenkov growth rate, when
the parallel beam temperature 1s increased The relativistic electron beam exci-
ted return current has no wufluence on the growth rates of the excited whistler
modes

(Recewved March 20, 1985)
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i 3 L’équation de dispersion. Fliminant les fonctions K, ©, Z, X entre les
equations (13)—(17) on obtient I’équation de dispersion

(D* — @ — pro}{(D* — ) [(D* — & — $o0)(D* — a* — o) — QDHI[A(D* —

i

— @®) — 0))[D* — @~ pyo0) — QD] + TDD® — @ — pyof}W = (18)
= —Ra?[(D* — @ — p,0)(D? — & — o) — QD?] (D* — &2 — pya) W,
olt R =giﬁfﬂ est le nombre de Rayleigh, T == A’;Q:dﬂ est le nombre de Taylor,
e “
©oPo¥Pu

4 Cas partieuliers. Pour le cas d’un modéle de fluide en 'absence de l'effet
visqueux-élastique (A—0, Ay —0, 4 = 1), I'équation de dispersion (18) se réduit
a Uéquation "de dispersion obtenue par Chandrasekhar [1]

T (D2 — @)D — @ — pro){(D* — @ — o) [(D* — @ — py0) — QDFRIW =
= —T{(D? — a2 — p,0)2D? + Ra2[(D* — @ — ppo)(D* — &2 = ) —
— QD2 (D? — a2 — pyo)}W.

. Pour le cas d’'unt modele de fliude en 'absence de mouvement de rotation
(Q = 0), "¢quation de dispersion (18) se rédmt & I'équation de dispersion obte-
nite par Sharma [2].

(D — @)(D* — @ — $,0)(D* — a2 — $y0) [(1 + oT)(D* — @9 — o{l + oF)IW —

— Q(1 + Fo)(D? — @)(D* — @ — py0)D*W = — Ra2(1 + Fo)(D* — a2 — p,a)IV.

(Manuscriigrelu le 3 mars 1985)

BIBLIOGRAPHIE

1. 8. Chandrasekhar, Hydrodynanuc and Hydromagnetic Stabuity, Oxford, Clarendon Press,
1961, § 51

2. R Sharma, Acta Physica Acad Scient. Hungar., 38 (4), 293 (1975)

3. M. Vasiu, Studia Univ. Babeg-Bolyai, Physica, 29, 74 (1984) '

INSTABILITATEA MAGNETOHIDRODINAMICA A UNUI FLUID VISCO-ELASTIC IONIZAT,
IN PREZENTA UNUI EFECT DE CONDUCTIBILITATE TERMICA, ECUATIA DE
DISPERSIE

- + (Rezumat)

In lucrarea de fa{# se stabileste ecnatia de dispersie pentru cazul nuum model de flud visco-

. elastic, 1oni1zat, cu conductivitate electricd fimitd, in prezenta unw efect de conductibilitate termicd

Fluidul se consideri in migcare de rotatie umformi g1 se giéseste sub actiunea acceleratier gravita-

tionale 1 a unuw cimp magnetic umform XTeuafra de dipsersie obfinutd generahizeazid ecuatnle de
dispersie obtmute de alft cercetitor: pentru modele parficulare de fluide 1onizate
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RADON AND THORON EXHALATION \EEASURE‘VIENT
FROM GROUND USING vy RAY SPECTROSCOPY

{ , .
C. COSMA, I. MASTAN, V. CACOVEANU

; l Introduetlon }‘he atmosphenc IadloaCtIVIty is mamly due to the Radon
(mRn and Thoron (* and also £ therr radloactive products which are fixed
on the aerosol partlcl\_s Thehe radiofiuchdes are arisen from the 28U and 22TH
Fadioactive families, respe%:twely Radon concentration in the atmosphere 1s
f:stimated at 6 - 10“13% i yolume [1]. The nlan source of this concentrationt
is the exhalation of Radon located in the upper lithosphere [1, 27. -

The Radon exhalation measurements can pfovide valuable information con=
cerning ’cﬁe areas with large concentraiths of radioactive substances (fissionaplé
matenals) and large helium concentratibns in fatural gases [3; 4; 9] S’ta1‘cing
from the systematic measurements on the Radon exhalations, espemally in areas
with large tectonic dislocations and/or kn®wn efrthquake epicentres, a new mes
thod for earthquake prediction has beed developed [5 10]

2 Experlmental The half-lives of Radon {2Rn) and Thoron (20Rn) are of
3 82 days, respectively 54 sec. These radionticlides decay only by a-particle emis=
sion (no ‘yzemissions) but their decay products, 24Pb and 2#B1 for Radon and
212Ph and 208T1 for Thoron, are strongly y=emitters [6]. The radioactive deposit’
of Radon has a lifetime of about 40 min., while that of Thoron of about 10
hours. The Radon exhalation was gathered by adsorbtion on activated charcoal
[7, 8%. The gathering operation was performed using special frame-boxes which’
were fixed on the earth surface for a well-determined period of time In the first
set of experiments we have used two kinds of activated charcoal, that is, med:-
cinal (anthrax) and a specialized one, for ammonia adsorbtion Radon was gathe-
red from the Colina area (Mdndstur) in the West of Cluj-Napoca City Colina area
is characterized by a stony soil which was not cultivated 1n the last 10 years.
The measurements were performed by using a spectrometer equiped with a
great scintillation detector of the type ND 424 [9] For the y-spectrum calibra-
tion the radioactive sources of 22*Am, 337?Cs, and %°Co were used.,

In order to obtain the photopeaks for both the Radon deposit (242 keV,
205 keV, 352 keV and 610 keV) and the Thoron one (580 keV), in the first
set of experiments the activity measurements were performed in a large energy
range, that 1s, between 180 keV and 650 keV. The countmg rates were averaged
between 10 measurements each of 100 sec.

Sample No 1 was gathered in November 16/17, 1984. In Fig 1 the counting
rate variation has been shown From Fig 1, it can be seen that the activity
decrease 1s faster than it might be due to the Radon half-life of 3,82 days It
can be concluded that the radioactivity 1s due to a mixture of two radjonuch-
des, that 1s Radon and Thoron. A half-life of 2,42 days has been computed star-
t11,1g from the first part of the experumental curve shown i Fig 1 This 15 an
intermediary value between 3,82 days for Radon and 10 hours for Thoron.
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COMPORTAREA ELECTRICA SI MAGNETICA A FERITELOR ‘
GRANATE MIXTE EraFeg_ snxo12 .

OLIVIA POP, L. STANESCU, I. COSMA DA GTI{{I\K si M. VANCEA
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Introducere Prezenta licrare are ca scop\stuchul\p;roprleta];ﬂor electrice si
magnetice ale granatului Fr;Fe;O,, dopat cu SnOsy. intr -t studiu anterior [1]
s-au prezentat rezultatele - obfinute referitor la comportarea granatulm de hol-
miu dopat cu SnOz, studiu din care s-a desprins concluziaci ionii. Snf\‘*\ substitu-
1e preferen’ual pozijiile octaedrice ale iomilor Fe?* din re;ea~\Ac€asta substitutie
se face cu mduc’ge de valent#, in retea apdrind o concentratiel cor\spunzatoare
de Fe2f! Mecanismul-de- conductie este similar cu cel din magnet1ta realizindu-se
prin saltul —electrontlor intre- torli1 de Fe?t.s1 Fedt [2]. Rentru-a stabili daci-meca-
nismul propus s€ regase§te s1 la alte ferite granate mxxte s-a studiat s1 gra-
natul de erbiu. * 2*

oiFehmien, experimentald, Din o X}%PJE%%E@ QasshB1Qs de punitaterp a.is-au
prcgf& %rf‘ln}?ﬁﬁ?ﬁf probe.redate, in fabelul:de may, JQJS:mqb ob Ssriiriatab 2ted
ruu‘m el ob oo ongitenno ot of Mad wohinor slosoiq otig 83 oh o4
91 nk)nr) ¢ JrN{) probei fﬁf“Snor[celulé”loz‘ sl ob zliibFormu]aJr ohoolrosiinng e
-1 71eIND L 5O T B i ot T T ST T S “,mmcn“,u“ el Sisaloy
-tagr 92 O 5o 1liginne g i obofs'uflI grs?[ Ehisy! [S sDug 22ty 528 | IIIRT
i mdont oo fslie rér;[r ANSTHESIN D )u‘érn 550,905 ’Sﬂf’m Busrisy ol 1o S129)
o5 00108 20,01 Q12 &3 P11
4 1. Fe; 3012
-rrot ob lisls s19%nd ol pleuioot Jinofnxrtmb)[ﬁn (5T °f°?ré1L°'J\ Bletdmirnio sl
-5us.g & w it ob oleglidioshioy o giuobivo rrlF)Isk[ 0% u'IO‘ 38~()UL) Burs g
5 )mwmgguog b prriiotosr Blehot ofes b opinglt 1570 ol ik ol e g mly
1009 nm‘rmq )uumomun‘)ﬁ om; 103 r)Jlot
1 oReactia in fazd solidd, sca, efectnat, ingdoudh etape, o presinterizare la, 1100

uJ J\_I B NRER Nt Wil Ry \/IOUO

timp de 2 ore a amesteculm de OXlZl 1mpre a1 umed cu 1— 2% amestec de. sulfat
de soditi’gi potasia VAl Wirfat ébof’d%pala i 1A Soluti& 1iBera de 1onil Sulfat
uscare, presare st din nou smterlzare de 30 ore la 1150 °C. Incercdri de prelunglre

a timpulm de sintérizatefinald & pastﬂelo?r!(pma—fa dé 10 ‘oti) ntt 'au condus la mo-
dlflcarea rezultatelor misurétorilor electnce si ‘magnetice.

magnetice au fost efectuate cu o balanti de tip Faraday [4].

Masuritori eleetrice. S-au efectuat misurdtori de rezisténtd functie de tempe-
raturd fn imntervalul 400—800 K ; limita inferioard a temperaturii-fiind cond11,'1-
onatd de rezistenta mare a probelor (10 MQ) In figura 1 se prezmta \grahcul de-
pendente1 rez1st1vctta;11 electrice functie de inversul temperaturu rezultind o
dependenti lintar4, fapt ce inditd un caracter semiconductor al probelor\studlate.
Din panta dreptelor semilogaritmice s-a calculat energia de activare corespunza—
toare, valori-redate-infigurd 2. Pe acelasi grafic s-a trasat 1zoterma rez1st1v1ta]:11
funcfie de_concentratia de oxid de staniu, luatd la T = 600 K. Din anahza
1zotérmiei'tezultd o micsorare a rezistivitifti granatului de erbiu pe misura cre§-
terii adaosului de §n®2, pind la fractia molald 0,05 SnO4 unde atinge un minim.
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1og ¢ [m]

log p [(fim] AE [ev]

T=6C0 X

Fig. 1. Fig. 2.

Efectul de minre a conductibilitdfn electrice pind la continutul de 0,05 SnO,
este determinat de aparitia ionilor Fe?* care favorizeazd mecanismul de ,,hopping”’.
Pe de altd parte prezenta iomilor Sn** in refea conmstitule centri de impristiere
a1 purtitorilor de sarcind, care de la concentratii mai mar1 decit 0,05 SnO, pre-
valeazd asupra mecanismului de ,,hopping” avind drept efect mdrirea rezistivi-
tdtii, aga cum se vede in figura 2 Efectul dopdni granatulur cu SnO, se mani-
festd s1 in variatia energiei de activare, care prezintd o alurd similard cu izoterma
rezistivitafi.

Determindrile de forf{d termoelectromotoare efectuate in intervalul de tem-
peraturd (400—800 K), au pus in eviden{d o conductibilitate de tip » a grana-
filor purt §i dopati (fig. 8). In figura 4 este redati izoterma de concentrafie a
forter termoelectromotoare pentru 600 K.

Pentru granatul Er,Fes_o0055100,00s0;, s-a calculat mobilitatea purtédtorilor conform

A

- 1 . cp :
relatiel p = , In care concentrajia purtdtorilor s-a calculat cu formula
e pn -7

"= Ngexp (——;—EJ; unde Ny, =271 - 102 cm™3

. 500 600 790 T {0
Nl
— . -1 »
I e
I / 2 2
2 1 =600K
A
3 j j & a a
@ © 1 :
o [mvk™] 1 3 5 7 Sn0z/cc10?

Fig. 8. Pig. 4.
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Pentru proba mentionatd s-a calculat:
n =243 10 electroni/em® 1ar p = 0,075 cm?/v s

Valoarea foarte micd a mobihtaiii purtdtoitlor indica faptul cd in granatu studiati
mecanismul de conductie are loc prin saltul electronilor de la 1onii Fe** spre
ionii Fe3+.

Masuritori magnetice. Sub aspect magnetic granatii Er;Fe;O;, au o compor-
tare metamagneticd [5], avind o structurd magneticd cu trei subretele formati din
1on11 Erdt, ionu Fedt dispust in nodurile de sumetrie tetraedricd, respectiv toni
Fe3t aflat1 in nodurile cu simetrie octaedricd

Pentru caracterizarea din punct de vedere maguetic a 1)1obelor din sena
FryFes_,Su O, au fost efectuate misurdtori de magnetizare g1 susceptibilitate
magneticd intre 80—1200 K.

In figura 5 sint prezentate rezultatele masurdtorilor efectuate in domeniul
de ordine magnetma Deoarece magnetizarea variazd foarte putm cu concentrafia
de impuritate s-a ficut o translatie a curbelor pe verticald Pe aceeast figura este
redatd 1 dependenta temperatuinn Curie de concentrafte, mirime ce scade cu
cresterea numirulut de atomi de staniu substituift flerulur. Aceastd scddere a
temperaturii Curie este datoiratd efcctului de dilutie produs de staniu, care este

) & v emsp)

Te [K]

) 100 260 30 200 560 §00 700 T[K]
Fig. 5:
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o impuritate nemagneticd. Tinind cont de faptiibedla-aceast® temperaturid ecriticd
se distruge ordonarea, magnetlca in cele”doqa subretelgde det, putem conchide
cd Sn se substituie jontlor de Fed+ in refeata granatulm }3‘,r3I«‘e5_xSnxO12
il )D io rgrm't) i él[ obsér\llé"(':éupf uctrﬁlrﬁwf; SleMTnes hljéd(rﬁ”grhé’tmg ”‘ﬁ%‘c’fﬁ‘”{ﬁ”{ /
gne’usmuifn)“aparebinr AprOpidre de' 89K f”” aﬁﬁtu Sut §8eHad 3 2 A {[fé t’én[
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Pentrd a élucda’ modul' fi care se, supstltule”stajnmlIH pSpbret elLe
au fost, efectuate misuriton de suscept1b111tate magnetllc)a,,rm lomneniul Qaragnag-

netlchtl‘{ee,zgltatele acestor masura‘con sm’c prezentate in ﬁgurlam, 1q care se th aI
dependenjca de temperatura a inversulti susceptlblhtattnnmagnethe;“pent}ru,l
pusii,cuifractia molard 0,01 510,05 Sn0,, Se, obserya”conpporta)r garag e[r}stma

oot it |
i’ 't

11 e SRS
fer}lmagnelt«lﬁmulm’f CareL gste dgspr}lsa_“ € J]qge,a,Flul Neeloa o \rr;_;wrr aurbte ob
ey Brunt 1e50700 fi Arooryigs 2o el oo b oorgslenn s o sl e oin i b
o obno- L smnbon 'J,.rl‘nn[m RIS P ST TR TS, stunboogoh 12 fiaho,
8 oonbBse nleoasl ol ofor XS psronte o otn b rymBnng 6otoie 3o
otes tno g r(-,, b zrharny it ol Yol Sinoish o3l stnaD o et ol

L LAY [Q/uer"\ .

) a00 900 1000 00 T} 200,



COMPORTAREA ELECTRICA $I MAGNETICA A UNOR FERITE 49

Folosind aceatd relatie s-au putut determina constantele x, o, 0 cit si constanta
Curie C, fapt ce a permis calcularea momentelor magnetice efective.

Dupi cum se stie, momentul magnetic efecttv al unui amestec de ioni para-
magnetict se objine prin mediere pétraticid. Pentru cazul granafilor analizafi:

3 2 5—x
&L'ff= 20 W g3+ +—— P«F,s+

Daci sistemul de 1on1 magnetogen: se afld in fazd ordonatéd, momentul magnetic
efecttv este (pentru granatul pur)

.

1 * %
by =g Brpsr — Bups+ — Zipa+)]

Folosind valorile momentelor magnetice ale tonilor liberi pp a4 = 9,50, 51 pps+ =

= 5.9u, se obtine “ '
Petoar = (472 — X - 1,74)p,
y"fordme = 2'83PLB'

Rezultatele experimentale sint p (x =0) = 4,37u,, p, (x =001) = 4,38p.p si
py(x = 0,05) = 4,42y, Se observd ci valonle experimentale sint mai apro-

piate de valoarea teoreticd pentru regiunea paramagnetici, dar ci sint mai mici
decit aceasta Faptul acesta trebute pus pe seama mentinerii unor corelatii anti-
feromagnetice de micd distan{d chiar s1-peste temperatura Curie. |

O a doua observatie este ci momentul magnetic creste lmear cu concentratia
de impuritate in loc sd scadd Acest lucru aratd cd prin impurificare cu staniu
corelajiile antiferomagnetice din domemul paramagnetic sint sldbite. Aceastd
observatie demonstreazi cd Sn substituie preferentfial ionit Fe?* din nodurile
cu simetrie octaedric, astfel momentul magnetic efectiv pe subrefeaua de Fed+
dat de expresia:

Brps+ — (2 — Xpgps+]

ar putea explica cregterea, proporfionald cu concentrajia de Sn, a momentului
magnetic efectiv

Pentru confirmarea acestor concluzii ar fi necesare mésurdtori de saturatie
magneticd la temperaturi joase.

- (Inirat in redactic la 12 aprilie 7984)
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ELECTRIC AND MAGNETIC BEHAVIOUR OF GARNET FERRITES Er,Fe;,_ Sn 0,

(Summary)

Magnetic and electric properties of garnet type ferrites Er;Fe O, doped with Sn0,, aie
studied The behaviour of electric-conductivity, of the thermoclectric power and magnetic proper-
ties indicates that Smit jons"substitute preferentially the Fe?* iomns 1n the sites of octhaedric sim-
metry, producing the formation of Fe?* 1ons The conduction mechanism 1s shown to be the hopping
of electrons from Fe?* 1ons'to Fe’t 1oms
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75 RES A IONILOR Cu?* st V4+ IN STICLE FOSFO-SODICE

0. COZAR, I. ARDELEAN, L. BALATICI

1. Introducere. Studiile RES efectuate asupra tonilor Cu?* in sticle fosfatice
au retinut in mod deosebit atenfia datoritd valorilor neobisnuite obfinute _pentru
parametrit g 1 4. Astfel, Bogomolova sicolab [1—3] au ardtat cd para-
metrii caracteristici tontlor Cu2+ in aceste sticle sint g“ =240 — 245, g, =
=2,05—-208 A;=110—-130 10%cm™ 51 4; <20 10~% ecm~1.  Valor:
similare au mai fost obfinute de Bogomolova st colab. [4] siin cazul stic-
lelor (309, Na,0—709% $SiO,) 4+ CuO, wradiate v Ace§t1 parametri (g) = 2,41,
gL =205, 4 = 110 - 107 cm ™) au fost atribuif1 unui nou centru paramagnetm
Cutt care consti dintr-un ,,gol’ captat la 1onul Cul™, Spre deosebire de aceste
valori ale parametrilor RES, in cazul sticlelor pe bazi de SiO, sau B,0O; s-a
obfinut in general pentru Cu?*. g, <2,36 st 4 > 140 - 10~4 cm [5——8,].

Este de remarcat faptul cd s1 in cazul 1onilor V4+ parametrii RES an
valori net diferite pentru sticlele fosfatice [1, 9, 10] (g <198 g, 2198 A4, 2
2176 10™em™ 51 4, 2 67-10"4cm™) fata de cei ob‘;1nu1;1 In alte st1cle
oxidice unde g = 1,935 51 A“ < 170 107%cm™ [1, 11, 12]. De asemenea in
cazul sticlelor fosfa‘mce cu Be, Mg, Zn 1 Cd [10, 13, 14] au fost evidentiate doud
seturi de structuri hiperfine ‘ale tomlor de vanadiu.

In vederea obtinerit de noi date, am investigat™
prin RES sistemele de sticle xCuO(1 — x) [2P,05 -
- Na,0] st V,04(1 — %) [2P,0f - Na;0] cu 0,5 <
g < x < 509% mol. Mésurdtorile s-au efectuat cu o
1 instalatie de tip, JEOL-JES-3B, in banda X (9,4
GHz) la 295 K.

~ 2 Rezultate si diseutii. a) Sistemul xCuO(I —
; — x)[2P,0; Na,O]. Spectrele RES obfinute pen-
tru sticlele cu » ¥ 5% mol CuO prezintd rezol-
vati numali structura hiperfind din banda paraleld
(fig. 1) Parametru caracteristici 1onilor Cu?t izo-

# lati sint dat1 in tabelul 1. Odatd cu cregterea con-

, ' tinutulut de CuO (x > 109 mol) forma spectrelor
-~ _B_ se modificd. Aceasta constd in aparifza unet linn
. 20Gs largi la g = 2,19 caralteristici ionilor asociati.

Spectrele RES ale sticlélor cu % > 30% mol CuO
constau numai dintr-o astfel de linie, f4rd structuri,
cu lirgimea &H ~ 200 gs.

Pentru explicarea valorilor mari ale lui

gy (~ 2,426) si mici ale despicérlor h1perf1ne
—4 -1 -

Fig. 1. Spectrul RES al sonilor (Ay €120 10 cm )2301 considerdm cd in stic
Cut* 1 sticlele xCuO(1 —x) [2P,0 lele fosfatice 1onii Cu?* sint coordinati in mod
+ Na 0], pentru # = 19, mol. esential prin cite patru atomi liganzi de oxigen

~

>



'

59 O COZAR, I ARDELEAN, L BALATICI
Tabel 1
Parametrii RES caracteristicel lonilor Cu*' in sticlele [2P,0; Nay0]
x A A
[% mol] ol L [10““tl|m‘1] [lO“chh“]
0,5 2,427 2,089 119,4 19
1 2,427 2,089 119,4 19
3 2,426 2,089 119,4 22,8
‘ 5 2,425 2,093 119,3 22,8
intr-o configurafie tetraedrica (7d) st nu tetragonald N
— octaedral alungitd) asa cum s-a pre i A LN
(Dy.v dr gitd) asa cu presupus in " A 57
lucririle anterioare {1—3] P BZ '
In figura 2 este prezentati schema mnivelelor : m_—‘-r\_ﬁ_,__A .
2+ 2 2 ‘ YN
energetice pentru Cu?* intr-un cimp cristalin tetraed- 34%p)/ BV
ric Nivelele de triplet (T,) st dublet (E) sint apo: ! ,_L_z(_—jé‘*
despicate datoritd prezenter unor distorsu tetragonale % X2, yI \—gh—
sau rombice [15]. Absenta centrulur de inversiune in © B 8
stmetria I'd determind o comportare diferitd a ionulm Xy- ‘——’—xy ,
paramagnetic fatd de cea din simetria octaedricd !Jgf;r ¢ ggp Distorsie Distorsie
Aceasta constd in faptul cd configuratia 3d84p sc efroedral fefrogonald rombic o
v puriTd) (D)  (Dy)

poate amesteca cu cea 3d°. Un alt punct de vedere
constd in a presupune cid ,,golul” paramagnetic nu
<este situat intr-un orbital 84 pur o intr-o starc care
rezultd prin amestecarea funcfilor de undd 3d s1 4p

F1g 2 Schema nivelelor ener-
getice pentru Cu®+ intr-o coor-
dinafie tetraedricd

Orbitaln molecular: caracteristici, in ordinea cresterii energetice, se pot scrie

astfel [16—18]
[%y)> = adgy + o'Or(xy)s + o«"ps
| %2) = 8du + 8'Dp(x2)e + 8P,
|y2) = 3dys + 3'Qp(y2)s + 8"'ps
|22 — 92> = Bda_y + (1 — B (42
|2y = B'da + (1 — B"WDL(2),

(1
(2
(3
(4
{

)
)

)

~

- yz)r:
5)

Aic1 d, p reprezintd orbitalii 34 si 4p ai tonului Cn?*, 1ar functiile @; sint

orbitaln snnetnzat1 de ligand corespunzitori.
prezentdrit T, a grupuhn punctual T4, iar celelalte

Primele trer funcin aparfin re-

doud reprezentiru E In

prezenta uilor: distorsus diferite de conf1gura’;1a Td-puri, aceste functu aparjin

reprezentdrilor mdicate in figura 2

Utilizind functule (1—5) sc obtin, in aproximafpia de ordin II, urmdtoarele
relatii intre patametru RES si coeficienfu MO [16—183-

824 3Bt
8l :_2 — A ’

»—y

(6)
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. 23q 230 - . .
, g =2- Zj‘, S R )
Ay =06+ Pd[_.i a? 4 —2 2[32 3 2x 2;52]_*_
.\ 7 A - 7 sy " R
" 4 6 1’ 1 o . .
+ P,[— (ay + 232 (s p
T2 22 3 a8? - 13 -
— 64+ P d 2 e Z B2 s
* "[7 Bl vl Ik [ sA,,(a)(S)] ©)
unde ) . ) T
~ 0 = —K,(a2Py + o' P,) - (10)
st ] )
Pap = 2yppopn{r )34 40 7 (an

Asci (%) se mediazd pe funcinle 34 si 4p ale tonulu Cu?* liber. Valorile uzuale -
pentru termenul de interactiune -dipolara sint P; = 0,036 cm™ si P, = 0,0402
cm ™t [18] 24 51 3, reprezintd constantele de cuplay spin-orbitd pentru ut electron
in orbitalul 3d, respectiv 4p al Cu?* si au valonle 2y = —828 e, Ap= —925
cm™1 [18]. K, = 0,43 51 reprezinti termentl de contact Fermi pentru jonul Cu?*
liber Prin: A,, §1 Ap_y s-au notat tranzihiile optice d— d dlntre s‘farlle |xy> —
— |xz), lyz), reschtw |ay> — |x% — 32>, ‘
" ' Bogomolovasicolab [1—2]au gisit pentru st1c1ele fosfatlce confinind
1qoti1 de cupru (II) o singurd bandi ‘de absorbtie opticd avind pozitia maximulul
intre 10500 — 12000 cmn ™. De asemenea Yotsimirsk: st colab.. [19] au
evidentiat in cazul 'complexulul CuL,(l,, unde L = [(C4H,,)2PO]2(CH2)8, doud
benzi- de absorbtie la 9270 cm ™ g1 11500 cm ™ Menfiondm totodatd ci para-
‘metrii RES caracteristici acestur complex “(gy = 2,422, g, = 2,103, 4, = 118 .

- 1074 cm ™) aun valori foarte apropiate-de cele obtmute pentru Cu?* in sticle
fosfatme In generdl, aga cum s-a ardtat in lucrérile [15, 16, 18], tranzifiile
d—d au valor1 mic1 (£10000 cm‘l) pentru complecstt de cupru (II) cu s1metr1e
tetraedricd

Aceste date opt1ce 1mprcuna cu acuatule (6) st (7) exphcé. valorile mari ale
lui ¢ objinute pentru Cu®* in cimp cristalin tetraedric, in partlcular pentru stic-
lele fosfatice K :

- Mentionim de asemenea ci pe lingd termenul de contact 8, contributia cea
mar importantd la 4, 51 4, (ec 8, 9) provine de la primii termeni din.fiecare
parantezd multiplicaf1 cu P, si P,,, 1ar contribufia datotratd orbitalilor p este de
semn opus celer datd de orbitalu d- Astfel, un amestec foarte mic al orbitalulu -
"4p, in starea fundamentald 3d,, are ca efect reducerea considerabild a despi-
carilor hiperfine [15, 16]. Shar noff [16] aaritat cdin cazul i1onului tetra-
edric CuCl{~ in monocristal de CszzuCI unde despicdrile hiperfine sint mai mici
de-51 10‘4 cm ™, electronul paramagnetic isi petrece 129, din, timp in orbi-
talul- 4p, al.cuprulu si 70% in orbitalul 3d,, De asemenea in cazul Cu. [Cy,
T HGN,ZnClL pentru care A, =123 10~%cm™! s-a obfinut un amestec de 3%
al orb1ta1u1u1 4p, in starea fundamen’cala 3dyy.

1



54 O COZAR, I ARDELEAN, L BALATICI

Comparind valorile parametrilor
RES obtinujt de noi cu cele din lite- 1%
ratura de specialitate, putem con51dcra i
pentru_sticlele studiate cd Au_, =
— 11500 cm— 31 g2 =090 Astfel, \ |
din ecuatia (6) rezultd o? = 0,82 in \ l !

{
AN

bund concordantd cu valorile rapor-

tate de :Bogomolova s colab . /

[1, 2] In plus, dm (8) si considerind " 5
Ap=—119 10 cm™ s-a cstimat 7 —
cd parametrul «'?~ 0,05, sugerind o, 0s,

faptul cd pentru ionu Cu?+ din sticlele
{osfatice existd un amestec de ~59)
al orbitalului 4p. In starea funda-
mentald 3d,, a electronului paramag-

F1g. 3 Spectrul RES al fonidor V4% in sticlele

tic.
netic b) Sistemul 2V,04(1—x) (29,0,  XV:Osll = ®)[ZPa0; NexO). pentru # = 5% mol,

.Na,0] Pentru st1clele cu x €19

mol V,05 se obfin semnale RES foaite slabe, indicind prezenta unet cantitati
reduse de 1oni V4+.

Probele cu ¥ = 3—109, mol prezintd insd spectre RES cu o structurd hiperfini
foarte bine rezolvatd (fig 3), tipicd ionilor VO2* inti-o ccoidmatie C,, Atit
parametrii RES obtlnuh pcntru accste sticle (tabel 2) cit sistermenul de Contact
Fermi (K ~ 0,80) sint in concordani cu cci atribuift de Hosono st colab.
[107 setului de structurd hiperfind notati « 1 A4, caracteristic 1onilor VO2+ intr-o
coordinatie cu tetragonalitate i scirzutc

’ Tabel 2

Parametrit RES caracteristiei jonilor Y4+ in sticlele [2P,0; Na,0]

* A A
Il 1 K
[% mol] £n €L [10—¢cm—1] [10—*cm—]
3 1,930 1,997 184,7 69,2 0,799
5 1,931 1,997 1848 - 69,2 0,799
10 1,937 2,000 185,3 69,3 0,797

Odatd cu cresterea conpinutulut de V,05 (x > 209, mol) in spectrele RES
apare o lmnie largd la g == 1,96 tipicd lomlor asociafi. Spre deosebire de sticlele
boro-plumbice [12] la care spectrele RES prezintd urme de structurd hiperfini
chiar st pentru x = 509, mol V,0;, in sticlele fosfatice aceasta dispare complet
cind x » 309% mol Ladrgimea linier caracteristicd i1omilor asociafi scade de la
235 Gs (pentru x = 309, mol) la 117 Gs (pentru x = 509, mol) indicind astfel
prezenta unor putermce interactiuni de schimb intre ion11 paramagnetici Aceste
interactiuni conduc in cazul sistemulm x(CuO  V,05)(1 — %) [2P,05 Na,0]
chiar la formarea unor cluster: trigonah de 10m paramagne‘nu cind x > 209%
mol [19].

’
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3 Coneluzii. Studule RES efectuate asupra iomlor Cu?t in sticlele fosfo-
sodice aratd ci acestia se afld intr-o configurafie tetraedricd (I'd) st nu octaedral-
alungitd (Dy) asa cum s-a presupus anterior de_ citre alfi autor:. -

Analiza LCAO-MO a parametrilor hamiltonianului de spin explicd valorile
mar1 ale tensorului g st mict ale despicdrilor hiperfine printr-un amestec de ~59%,
al orbitalului 44, in starea fundamentald 3d,, a electronului paramagnetic.

In cazul sticlelor cu vanadiu, atit parametrt RES cit §i termenul de contact
Fermi indici faptul ci acestia se afli sub formd de VO?* intr-o coordinafie Cy
cu tetragonalitate scizutd Spectrele RES ale sticlelor cu confinut mare de 1om
paramagnetict (x > 309 mol) indicd prezenta unor puternice interactiuni de
schimb intre acestia, interactium care in sistemul x(CuO V,05)(1 — x)[2P,0;

+ Na,O] duc chiar la formarea unor clusters tr1gonah
(Intrat §n redactse la 14 marbse 1985)
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ESR OF Cu?* AND V¢* IONS IN SODIUM-PHOSPHATE GLASSES
(Summary)

The #CuO(1 — #)[2P,0; Na,O] and »V,04(1 — #)[2P,0; Na,0] glasses have been investigated
by ESR method The g and 4 parameters obtammed for Cult 1oms suggest that these are in an
unusual tetrahedral (Td) configuration It has also been estimated that there exists an admixture
of ~59% of the 4p, (Cu) orbital in the 3d,, ground state of paramagnetic electron

The vanadium tons are present in the studied glasses as VOt — complexes with a low tetra-
gonality For & > 30% mol, the strong exchange interactions occur between paramagnetic lons.
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STUDIUL PROPRIETATILOR MAGNETICE ALE UNOR ALIAJE DE
CROM-FIER

VASILE IUSAN si IULIU POP

1. Introducere. Proprietdfile magnetice ale cromulut §1 aliajelor sale au fost
mai intens studiate dupa ce in 1953 Shull si Wilkinson [1]au pus in
evidentd antiferomagnetismul cromului prin difractie de neutiomi Iu cazul cro-
mului fenomenul de ordonare antiferomagnetici are loc in sistemul electronilor
tineranfi sub forma undelor de densitate de spin (S.D W), in acest sens fiind
ficute numeroase 1nvestigafi experimentale pentru determinarea tipului undelor
si perioadei lor [2—4].

Alierea cromulur cu alte metale. de tranzijte a permis un studiu mas
aminuntit al proprietdtilor sale magnetice [5]. Un interes deosebit prezinti
aliajele de crom-fier deoarece in faza « cei doi componen}i au aceeasi structuri
cristalind (c.v.c) si aproape aceeast perioadi a reteler Structurile magnetice ale
cromului §1 fierului diferd Asifel, in timp ce fierul este fero-magnetic in faza «,
cromul este antiferomagnetic

Anomaliile relevate pe curbele de variatte ale rezistivititu clectronice [6, 7]
si cdlduri specifice [8] cu temperatura, au permis determinarea temperaturu
Néel pentru aliaje de crom-fier cu concentrafii pind la 209 Fe. Extiapolarea
diagrame1r de fazd magncticd indicd prezentd fazer antiferomagnetice in aceste
aliaje pind la concentratii echitomice Dupd Matthews st Morton [9]
este posibild coexistenta fazei ferommagnelice cu taza antiferomagnetici pentiu
concentratii de 209 Fe in crom, fcnomenul de coexistentd putindu-se extir de
st la concentratu 'mai mari, pind la concentrafi echialomice

Studiul proprietdtilol magnetice ale aliajelor de crom-fier s-a ficut, pind
in prezent, In special in domeniul concentratiilor mict de fier in crom [7, 10, 11, 12]
st a concentratitlor mic1 de crom in fier [13], mai ales la temperaturi joase unde
faza « este stabild Faza o a fost studiatd prin misurdtor: de susceptibilitate mag-
neticd de citre Read, Thomas s1 Forsythe [l14] tot In domeniul
temperaturilor joase -

Aci se prezintd o parte din rezultatele studiulut efectuat prin mésuritor: de
susceptibilitate magneticd pe alaje de crom-{ter cu concentraii de fier intre
70% si 97%, masuratorle fiind ficute in domemul temperaturilor inalte de la
temperatura Curie feromagneticd pind'la 1500, grtade Kelvin

2. Procedeul experimental. Misurdtorile de susceptibilitate magneticd au
fost facute cu o instalatie de tip Weiss-Forrer [15] cu compensare elcctromagneticd,
avind sensibilitatea de 1078 ue.m /g Piobele au fost preparate din crom cu pu-
ritatea 99,9999, si fier cu puritatea 99,99%,, prin topire in arc electric sub at-
mosfera controlaté de argon. Dupi preparare, probcle au fost tratate termic
timp de 12 zile la o temperaturi de 1200°K pentru omogenizare In vederea
masuritorilor de susceptibilitate magneticd probele au fost dimensionate s ca-
psulate in vid de 10~ toir in tuburi de cuart pentru a evita oxidarea In timpul
mésuratorilor. . - '
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. - — : . 3. Rezultate experimentale si
- interpretarea lor. In condjtiile sus-
s menfionate, noi am studiat depen-
‘denta de temperaturd a suscepti-
.bilitdii magnetice pentru un set
,de aliaje de crom-fier cu concen-
"tratri de fier mai mari de.709%.

in figura 1 poate fi urmiritd
dependenta de temperaturd a sus-
ceptibilitdfn reciproce pentru pro-
bele Cr —70% Fe 51 Cr — 759, Fe.
Anomalia prezentd la ambele curbe
¥ HT) la.cresterea si scdderea tem-
peraturii relevd fenomenul de ter-
' , mo-histerezis, dar la temperatur
*diferite indicd prezenta umel tran-
zitii de faza -

Natura acester tranziti de fazi
. este sugeratd de forma curbei
°l ’ 3 7HT), mai ales pentru proba
Cr—809, Fe, reprézentatd in figura
¢ 2. Aceasti curbi ca st céle din
figura 1 se fiteazd destul de bine
. cu curbele téoretice, ’crasate cu linie
_con’clnua pe figuri s1 care sint des-,
cfisc de o lege de ‘clp Neel de
forma ;

) Cr-70%Fe~
6b - 2 Cr-75%Fe B

L u
T T

X0 lghemt

5f Cr 80%Fe

w
T

X0 (glem?)
(o)
T

| specificd “tranzifier din faza feri-

. ¢ ‘'magneticd in faza paramagneticé.
N s ":J_ - l ]' Asadar aict este posibild o' tranzi-
0 w0 hw e e e i - e de fazd de naturdy magnet1ca .

. Ty — datoritd localizirii par‘pale a mo- °
Fig. 2. mentulur magnetic al a‘comulul de
crom . .

o In figurile 3 51 4 am reprezentat variafia, cu temperatura a susceptibilitdfii
magnetice réciproce pentiu probele Cr—88% Fe's1 Cr — 91% Fe, 1espectiv -
Cr—949, Fe si Cr—979%, Fe (f1ig..3 sl 4). . LT .

- Cu linie intreruptd’sint trasate. curbele expenmentale 1ar cu 11n1e contmua
ca §1 in figurile 1 12, 'sint trasate curbele teoretice’ descrise de’legea, Neéel:

Este 1mportant de observat ci pentru “carbele X"l(T) corespthatoare con-
centrafiilor de 91, 94 51 97 procente de fier, saltul in dependenta de temperatura
-a suscep‘mblhtatu magnetice reciproce este briise, iar tempera’cura la carecare
- loc_saltul coincide .cu temperatura de tranzitie din faza o in faza, y datd,de
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=
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(q : :[ 10r-688%Fe 4
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44! i 1
#0444 . f
VN
65’ - L 4 __5:@ 1 1 1
wo 100 1200 52 1480 JREN 1000 100 2% T 130 1600 1500
(e e : ) e
Pig 3. Pig 4
Hansen [16]in diagrama de cchilibru pentru 1 q
ahajele binare de crom-fier. Asadar, pentrtt 12} 1151 qpper atom de ag
aceste concer&tra;'n avem de-a face si cu o tranzi- 2297 ~mpg)per atonde Fe 7'
tie de naturd cristalind. ) pe
Curbele 1 si 2 din figura S reprezintd vari- — L 2/
afia momentulur magnetic efectiv pe atom de ?6 5
alia], respectiv pe atom de fier, in funcfie de =4} : PN
concentratia de fier, 2l M),L-—“‘T
Aceste momente au fost calculate din panta . T B
curbelor y™Y(T) sub temperatura de tranzitie 0 LY 4 ” Arég 0 w0
() e

Curbele 1’ s1 2’ reprezintd momentele magnetice
pe atom de aliaj si pe atom de fier deasupra

temperaturn de tranzifie, calculate cu ajutorul
legii Néel, 1ar curbele 1" 512" reprezintd valoarea momentelor magnetice pe atom

de alia], respectiv fier in faza vy in functie de concentratia de fier
Momentele magnetice efective pe atom de aliaj, respecttv pe atom de fier
obtinute de noi prin accastd metodd se coreleazd cu cele obtinute de alt1 autori
1ar valoarea lor poate f1 explicatd sub temperatura de tranzitie, in baza modelelor
cunoscute Valoarea momentelor magnetice deasupra temperaturii de tranzifie
este foarte mare si nu poate fi explicatd decit in mod simplu
(Intral n redacfse la 15 marie 71985)

Fig. 5.
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- MAGNETIC BEHAVIOUR OF SOME Cr—Fe ALLOYS

(Summary) '

A study of the temperature dependence of the reciprocal magnetic susceptibility of some Cr—Fe
alloys with high iron concentration (70, 75, 80, 88, 91; 94, 979% Fe) in the paramagnetic region
was made

The temperature dependence of the reciprocal magnetic susceptibility was fitted with the
Néel hyperbolic relation for the ferrumagnetics The thermal variation of the reciprocal magntic
susceptibility presents a thermohysterests loop, corresponding to the phase of the Cr—Fe alloys.
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CONTRIBUTII LA LALCULUL SUSCEPTIBILITATII PARAMAGNETICE
VAN VLECK LA HMALOGENURI ALCALINE IN RETEA CRISTALINA

1. GH. POP*, 1. POP, AL. M. IMBROANE* -

1. Introdueere. Compusu cu legiturd 1omc de forma A*B~ se prezintd ca
o totalitate de 1om cu configuiaiic de gaz inert, avind moment magnetic nul in
starea fundamentald 'S; Susceptibilitatea maguncticd este datd de suma a do
termens [1]

X = Ya T Aps (1)

unde y,; cste susceptibilitatea diamagneticd Langevin, dependentd de dimensi-
unile invelisurilor electronice ale ionilor $1 y, reprezintd susceptibilitatea paia
magneticd van Vleck, determunatd de deformarea orbitald a invelisurilor elec-
tronice

Determinarea experimentald a lut y, separat de y, este practic unposibili,
deoarece ambu termeni sint lndependenp atit de temperaturd, cit s1 de cimpul
magnetic aplicat, rezultatul masurdru fund valoarea globalda y (xs <0, %, > 0)
Cunoscind valoarea susceptibilititii totale y din misurdtor: [2] st calculind pe *
%a prin difente metode [3, 4, 5], sec poate determina y, pentru sistemul 1onic
considerat Valorile obtmutc depmd de precizia determinarii lui y; Dorfman
[6] presupune existenfa unei rclatn intre y, s1 polarizabilitatea dipolard « a sis-
temulu 1onic in retea cristaling, in timp ce Deltour [7] obfine pentru y
valoarea y=0,89 (31 + xs—) Ruffa [8]stabileste o relatie de calcul pentru
%p in functie de ¥, obfnind pentru halogenuri alcalne y, = 0,11 y,.

Lucrarea de fatd propune un model de calcul a susceptibilitdfii paramagnetice
%p In functie de energia de coeziune a refelel 51 de susceptibilitatea magnetici
masuratd y

2 Caleulul suseeptibilitafii paramagnetice’ Van Vleck. Expresia analticd
a susceptibiliidfun paramagnetice de polarizare y, este data de teoria lu1 van
Vieck [1] R

A
Nedy, [ <l | LY |n'V ) |*
Xp = dmr- o (0) E© (2)
. En’l’ e

Folosind regula sume1 [8] st funcfu de undd ¢r adaptate simetrier cristaline [9],
n locul functulor de undi 1on liber ¢, se objiue [10]

Ned g, 1 ~
Ap = 22— | L2 ) (3)
AE

4m?

* Politechnical Institute of Cluj Napoca

-
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Cu ajutornl matricii de densitate uniparticuld [11] sc defineste amplitudinea de
probabilitate uniparticuld 1on liber v, s1 1on in refea yp prin relajiile

Y5 (1) vol2) =vo(%1, xl)ZNS bo(%1, %, ) U8 (%, %y, . xy)dxy - dxy

(4a)
respectiv
yr(®)ye(%) = yo(¥, %) :Ngdr‘r‘(xl: A2 an)br(xy, *a xN) dxy .. day
\ (4b)
cu condifia
AL 5)

N fund numirul total de electiom: a1 sistemului ionic Se observd cd N 12y (x,)
reprezintd analogul functier de undd uniparticuld normatd la wmtate La tre-
cerea ionulut din stare liberd in refea cristalind are loc o deformare radiald a in-
velisunilor electronice cxterioare ale 1onilor, precum si o modificare a simetrier
orbitalilor, astfel cd amphitudinea de probablh‘cate umpartlcula pentru 1onul in
retea cristalind este datd de expresia

Yo%) = Yo(xl) + f(#1) @zl.myl.rn(ep CPJ) (6)

Inlocuind pe Yp prin v dat de (6) rezulta
Net, 1 N oy
BNl ol l
Zp 4m?  AE <‘le '(2 ! ) T

si folosind aproximarea [12]

’ < K(J:’AJ) *P> <‘”F (,é?’) Y> _5 (8)
. < Ji?i Yp> <Y,I‘ é?? YI‘> E,

se obtine
' Nety, ¢ g
) = —_—— —_— l -
. Ly 4mr E, <Y 4 ) YP>' (9)

unde ¢ = E3JE, AE reprezmta un coeficient energetic adlmensmnal iar E,
este datd de expre51a , ‘ . ,

__3N},’ o )
g YI‘ﬂ:Y 'YI"'YP <YF E 7 Yr‘> o (10)
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Acoperirea orbitald a invelisurilor electronice atrage dupd sine modificarea
energlet cinetice a electronilor din zona de acoperire, egald s1 opusd ca semn cu
_ energia de coeziune E, a refeler Deformarea radiala a mve11§ur110r electronice nu

contribuie la modificarea energier totale, astfel ca

N = 92
o= L 2w ()
1=1 1, =1, 721 "

unde 7, este indicele specier 1onice (r; sc rcferd la 1onit pozitivi, 1ar T, la 1on11 ne-
gativi) 51 N, reprezintd numirul de electroni at spectei 7, Efectuind o mediere

dupd functule de unda radiale in partea de suprapumnere a 1onilor, se obtine

o~

Netw (o . AN
4ms ( C) wr Ep ' (12)

X =

cu

= 3Nj, N, 7

Fo=50 [R5 cnlPhoiv| (13)

1=]1 =T

Folosind expresia pentru susceptibilitatea diamagneticd Langevin [1] y,; se
obfine expresia finald pentru calculul contiibufier paramagnetice de polarizare
la susceptibilitatea sistemelor 1onice in discutie, -

Xplx 2m

_KpX  _m Wr-c X
0= 2 ha( E) e (14)

unde N+ reprezintd numdrul total efectiv de electroni, 1ar %, depinde de gradul
de acoperire al functiilor de unda ¢ in refea

X,0x 3. Rezultate si diseutii. Utilizind valo
(-5t ' rile mésurate pentru y [2], E,[18], cal-
018} . culind numairul total efectiv de electrom:
016k N* [14] si aproximind e = 1, w, = 0,33,
se obtin valorile y, la halogenun alcaline.
Otr In tabelul 1 sint prezentate comparativ
o1 rezultatele lui Deltour, Ruffa, prin metoda
ook indirectd si cele obtinute cu relatia (14).
il Reprezentind grafic (fig. 1) (xp/x)|(1 —
7. — xp/%)* = f(x) pentru bromurt si loduri
e X Bramars ' ale metalelor alcalme rezultatele date de
. o, Xkl metoda indirectd si cele obtinute prin cal-
(0 L0050 60 80 50100 Mo cul in lucrare, se observid o buni concor-
Flg. 1. Graficul varafiel y,/x/(l — dant4, abaterile fiind explicabile prin apro-
x,/X)? = f(x) pentru bromun $i oduy  Xtmdrile ficute in ambele metode. Suscep-
’alcaline (metoda propusd — + — 4 — tibilitatea paramagneticd y, creste cu cres-

metoda indirecti —-—-— -) terea numdrului total de electroni ai gru-
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= Tabel 1

Valori calculate ale susceptibilititii paramagnetice Van Vieek la halogenuri alealine

X, 108m®/kmol
5. 108 2

Sistem jonic md/kmol Deltour, Metoda Metoda
Ruffa indirects propusd

i F 12,685 1,569 R 0,377 1,490
Na F 20,615 2,648 . 0,000 1,898
X F 29,665 3,667 0,126 2,982
Rb F 40,098 4,956 3,394 4,962
Cs F 55,936 6,913 5,028 7,289
In C1 30,545 3,775 « ~ 0,000 3,582
Na Cl 37,710 4,661 0,377 4,148
X Cl 49,400 6,106 < 0,126 6,297
Rb ClI 57,822 7,147 8, 285' 7,952
Cs C1 71,282 8,810 10,895 10,433
Ia Br 43,618 5,391 5,656 5,447
Na Br 51,537 6,370 4,148 3,942
X Br 61,719 7,628 6,109 6,481
‘Rb Br 70,895 8,762 10,810 9,939
Cs Br 84,470 10,440 16,088 14,823

A

In I 62,850 7,768 10,433 11,029
Na I 71,469 8,855 8,798 6,877
KI 80,197 ‘ 9,912 12,192 10,186
Rb I 87,487 10,813 21,870 14,176
Cs I 103,828 12,833 23,128 23,377

parn 1onice Halogenurile litiului se comportd diferit din punct de vedere
magnetic fatd de halogenurile iomlor Nat, KT, Rb*, Cs™*, datoriti dimensiuni-
lor reduse g1 a numirului mic de electroni, ceea ce determind-o foarte slaba
deformare orbitald g1 radiald a ionulur de litiu si o puternicad deformare a 1onulm
de halogen

4 Concluzii. Relafia obt;muta de autori inlocuieste suma infinita din (1)
s1 permite calculul lu1 y, in funcjne de y, rezultatele fiind comparabile cu cele
obtinute prin metoda indirectd in cazul bromurilor si iodurilor alcaline Metoda
propusd poate f1 aplicatd g1 la alte sisteme 1onice.

(Intrat in redachre 1a 18 martre 7985)
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CONTRIBUTIONS TO TI:IE DETERMINATION OF THE VAN VLECK PARAMAGNETIC
SUSCEPTIBILITIES IN THE CRYSTALLINE ALKALI HALIDES

(Summary)
In this paper we present a relation available in the numerical determinations of the Van

Vleck susceptibilities instead of the infinite series formula Comparatively with the indirect method’s
data, the results obtamed for the crystalline alkal: halides (bromides and iodides) seem to be correct
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DETERMINARI DE PURITATE A MINERALEILOR PRIN METODA
ACTIVARII CU NEUTRONTI (I). CUARTUL

V. ZNAMIROVSCHI, M. SALAGEAN*, A. PANTELICA*, I. MIRZA, C. GHEVREA

1. Introducere. Tehnologiile actuale din cele mai variate domenn reclami
materiale de inaltd puritate, ceea ce impune rezolvarea problemer determindrn
impullté’;ﬂor intr-o gami largd de substante minerale (metale i nemetale),
stilndu-se c& proprietdfile fizice sau chimice sint puternic afectate de existenia,
chiar si in urme, a impuritdtilor. Investigatille noastre au avut ca obiect crista-
lele de cuar}, alegere motivatd de multitudinea aplicafiilor industriale pe care
acestea le au, urmirindu-se totodatd stabilirea posibilité{ilor de wvalorificare a
resurselor interne de cuart

In naturd cuarful este forma cea mai frecventd de aparifte a SiO, fiind cr1s-
talizat trigonal, a-cuart (stabil sub 573°C, la presiunea atmosfericd) sau hexa-
gonal, B-cuart (stabil peste 573°C). Dimensiunile celulei elementare sint - a, =
= 4,913 A s1 ¢y = 5,505 A pentru «-cuar}, respectiv g, = 5,010 A 51 ¢, = 5, 470 A
pentru B-cuart [1]. Sub aspect genetic cuarful se formeazd in toate procesele
geologice endogene (magmatice, metamorfice) si exogene, explicind s1 pe aceastd
cale frecvenja sa in naturi. Cristalele de cuarf cercetate de noi sint de genezi
hidrotermald s1 provin din urmitoarele ocurente Baia Sprie, Tarna Mare, Valea
Sdrati.

2. Aspecte mineralogice. Cuarful de la Baia Mare (jud. Maramures) este
incolor, semitransparent, aceasta pierzindu-se de la virf spre bazd. Mineralogic
formeazi o paragenezi cu sulfurl (pirt, calcopirit, sfalerit, galenit) s1 carbonaft
(calcit, dolomit). Geotermometric se inscrie in grupa mexotermald. Dimensiunile
exemplarului analizat sint 3 X 0,8 cm

Cuartul de la Tarna Mare (Jud. "\/Iaramure§) este incolor, perfect transparent
In zicimint se afli dispersat in masa argilitici a unui andezit brecifiat de formi
columnard (pipe) mineralizat cu sulfuri comune (pirit, sfalerit, galemit) s1 barit.

Cuarful de pe Valea Siratd (Luna de Sus, jud. Cluj) provine dintr-un filon
de cca 10 cm grosime la suprafatd, hogatin cristale ce strdbate argilele virgate
eocene. Cristalele (de dimensiumi 5,5 X 2,5 cm pentru cele mai dezvoltate) sint
dispuse in druze cu aspect ,,pietros”, total lipsite de transparenjd. Genetic se
leagd de magmatismul Jaramic

3. Procedeul experimental. Pentru determinarea concentrajulor elementelor
existente in probele de cuart s-a folosit metoda activarid cu neutroni termici [2],
efectuindu-se doui seturi de iradier: la reactorul VVR-S al I.F I.N. — Bucuresti.

Iradierea lungd s-a efectuat timp de 30 ore la un flux de 8 - 102 njcm? s
Probele analizate avind mase de ~ 200 mg au fost iradiate fmpreund cu etaloa-
nele Soil-5, SL-1, GSP-1 (roci standard) si cu un etalon de Au, masurate fnnd
dupd timpii de récire de 10 zile §i 20 zile.

* Institutul de Fizicd s1 Inginerle Nucleardi, Bucuregti.

5 — Physicaf1085
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Fig. 1. Spectrul gama al cuartului din Valea S&rati (iradiere lungi)

Iradierea scurtd s-a efectuat timp de 30 munute la un flux de 10 nfem? s
Impreund cu etaloanele G2 (rocd standard) si Dy,O,, Tespectiv KMnO,. Probele
analizate au fost mésurate dupid tlmpu de ricire de 2 ore si 24 ore

In ambele seturi de iradiere, inregistrarea spectrelor s-a efectuat cu a]utorul
unut detector de Ge(Li) avind rezoluﬁla energetici de 2 keV la ®Co, cuplat la
un analizor de energile multicanal.

4 Rezultate si diseutii. Din primul set de iradier: s-au determmat concen-
tratile a 20 elemente cu tumpt de injumatdtire lungt® Fe, Sb, Zn, Rb, Ce, Th,
Cr, Ba, Ca, Ta, Co, La, Br, Cs, Sm, Eu, Sc, Au, 1ar din setul al dotlea con-
centratule a 5 elemente cu timpi de Injumitéfire scurti Dy, Mn, Na, K, As.

In fig 1 s-a reprezentat, ca ekemplu spectrul gama al probei de cuart din
Valea Sdrati in uwrma wradierii lung1 1ar in fig 2 o porfiune din spectrul gama al
probei de cuarf din Baia Sprie in urma wradiern scurte.

In tabelul 1 sint prezentate caracternsticile nucleare ale elementelor mai sus
mentionate [3, 4], in ultima coloand fund date energiile gama utilizate in calculul
concentratiilor.
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Tabel 1
Albundenta Sectiunea Energia gama
Elementul Radionuchidul (%) ¥ (btl arn) T, 12 (ieV?

As 76As 99,99 4,3 26,4 ore 559
Au 198A Y 99,99 98,8 2,695 zile 412
Ba 181Ba 0,1 11 11,6 zile 496
Br 828y 49,31 2,7 35,34 ore 554, 777
Ce 10 88,48 0,57 32,5 zile 145
Co 80Co 99,99 37,2 5,272 ani 1173,1332
Cr 81Cr 4,31 15,9 27,7 zile 320
Cs 14Cg 99,99 29 2,06 ani 796
Dy 18Dy 28,18 2700 2,35 ore 94
Eu 1625y 47,77 5900 12,7 am 1408
Fe 5Fe 0,31 1,15 45 zile 1099 ;1202
Hf 181§ 35,22 12,7 42,5 zile 482
X 42K 6,70 1,46 12,36 ore 1524
Ia 10T, 99,91 9,0 40,23 ore 1596
Mn 58Mn 99,99 13,3 2,58 ore 847
Na 24Na 99,99 0,53 15,03 ore 1368
Rb 88Rb 72,17 0,46 18,7 zile 1077
Sc 483¢ 99,99 26,5 83,9 zile 889
Sm 188G m 26,63 206 46,8 ore 103
Sb 1843}, 42,75 4,3 60,3 zile 603 ,1692
Ta 1897y 99,998 21 115,1 zile 1221
Th 28pg 99,99 7,4 27 zile 312
Zn 6Zn 49,89 0,78 244 zile 1115
Zr 9%BZr 17,40 0,056 65,5 zile 724, 766

Rezultatele obfinute in determinarea concentratiilor celor 25 elemente de-
celate in cuarturile naturale provenind din diferite ocurente sint prezentate in
Tabelul 2.

fn ultima coloani a acestui tabel sint prezentate pentru comparatie datele
experimentale rezultate din analiza bioxidului de siliciu, obfinut prin sintezd de
Mallinckrodt Chemical Works §i comercializat sub denumirea de ARCC-4. Acesta
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Tabel 2
Elementul Ba(i:;.l ag{)ne Tarizaﬁare Valecauglg;até Cc%arl\z.
As(ppm) 10,04-0,5 7,040,5 0,6640,15 —
Au(ppb) 8+3 194-5 11+3 1,84.0,5
Ba(ppm) - 7+1 — -
Br(ppm) 0,84-0,2 0,54-0,1 0,94-0,2 1,44-0,2
Ca(ppm) 6730 — 190420 97425
Ce(ppm) 0,824-0,09 1,7240,17 0,774-0,05 -
Co(ppm) — — 0,114-0,01 0,354-0,03
Cr(ppm) 0,540,2 0,540,3 0,504-0,06 0,404-0,06
Cs(ppm) 0,184.0,02 0,214-0,04 0,304-0,02 0,0240,01
Dy(ppm) 0,24-4+0,02 0,304-0,03 0,24 40,02 —
Eu(ppb) — 78431 1543 —
Fe(ppm) 205420 210432 113856 -
Hf(ppm) — 0,104-0,03 0,0640,01 1,96+ 0,05
K(ppm) 172417 185418 206421 1142
La(ppm) 0,314-0,02 0,954-0,05 0,3540,02 0,054-0,01
Mn(ppm) 6,6-£0,1 3,540,2 14,040,2 0,514-0,05
Na(ppm) 22443 16442 16642 594-2
Rb(ppm) 2,74+0,5 1,54+0,7 1,94-0,2 —
Sc(ppb) 494-3 8045 8544 2,04-0,5
Sm(ppb) 5642 11343 65 4-2 -
Sb(ppm) 2242 8649 0,59--0,06 0,0440,01
Ta(ppm) — — 0,034-0,01 —
Th(ppm) 0,194.0,02 0,154-0,04 0,1740,02 —
Zn(ppm) 641 454-3 2,84-0,4 —
Zr(ppm) . - - — - 40+7

contine ca impuritate doar 14 elemente in concentratu foarte mici in raport cu
cuarfurile naturale, excepfie fidcind doar Hf s1 Zr Se observa totodatd exis-
tenfa unor concentrafii mari de Zn, Sb $1 Ba in cuarful provenit de la Tarna
Mare, precum §1 Fe mult in cuartul pietros de la Valea Siratd

5. Coneluzii. Caracteristicile microchimice ale cuarfulm furmzeazdindien
pretioase asupra mediulut chimic de cristalizare al acestuia Astfel, cuarful pre-
venit din-zicimintele de sulfuri polimetalice de la Baia Sprie i Tarna Mare se
caracterizeazd prin valori mail ridicate ale concentratiilor de Zn, As 51 Sb, 1ar
cele din Valea S#ratd printr-o concentratie mare de Fe, luat cu sigurantd din
argilele virgate feruginoase prin care a circulat Elementele paminturilor rare
(Ce, Dy, La, Sm) apar in schimb intr-o cantitate aproximativ egald, indiferent de
provenienta.

Analiza prin activare cu neutroni, datoritd inalter sale sensibilitéti, se profi-
leazi tot mai mult drept o cale de stabilire a chimismului global al medrulu: in
care au cristalizat, sugerind continutul posibil (metalic, nemetalic) al ocurentei
cercetate si de asemenea stabilirea fazer metalogenetice in funcfie de asociafia

microchimici a elementelor.
(Intrat in redactre la 21 martie 1985)



DETERMINAREA PURITATII UNOR MINERALE 69

BIBLIOGRAFIE

1 V Ianovici V. Stiopol, E Constantinescu, Mmeralogte, Ed Didactici g1
Pedagogici, Bucuregti, 1979.

2.D DeSoete, R Gijbels, J. Hoste, Chemical Analysis Series, vol. 34, Wiley Interscience,

1972.

G Erdtmann, Neulron Actwaiion Tables, Verlag Chemie, Weinheim, N.¥, 1976,

W W Bowman, X.W.Mac Murdo, Alomic Data and Nuclear Data Tables, 13, 89

(1974)

L)

PURITY DETERMINATION OF MINERALS BY NEUTRON ACTIVATION METHOD (I).
Quartz

(Summary)

It was performed an analytical investigation by neutron activation method on some geolo-
gical quartz samples from Romama By this method the abundance of 25 of minor and trace ele-
ments in natural quartz crystals have been determined From a comparative analysis of quartz
composition interesting conclustons concerning thetr nature and origin have been drawn
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SPECTRELE RPE IZOTROPE ALE IONILOR 3d® IN COMPUSI
DEZORDONATI

ELEONORA TRIF, AL. NICULA

1. Introducere. In ultimii ani s-a acordat o mare atentie [1—97] expliciri
absorbtiei RPE 1zotrope cu g4 & 4,3 si 3,3 observate pentru compusi total diferiti
care confineau ion1 3d% distribuif1 haotic. In aceste substanfe nu existi un numir
limitat de vecindtdf{i bine definite ale ionilor paramagnetici si rezonantele cu
& izotrop pot proveni de la ioni cu vecin#tdfi total diferite Spectrele obtinute
expertmental sint independente de compozitia compusilor si de orientarea
cimpului magnetic static, atita timp cit compusul prezintd un anumit grad de
dezordine. Lucrarea prezintd o noud metodd teoreticd de explicare a semmna
lelor RPE tz20trope ale ionilor cu S = 5/2. Metoda se bazeazd pe urmitoarele
presupuneri

1) spectrul RPE 1zotrop este privit ca o suprapunere a unui numéir mare
de linii de absorbtie [10] care pot fi descrise fiecare separat printr-un hamilto-
nian de spin rombic, continind un set diferit de parametri B?, in spectru rdmin
vizibile numai acele tranzijii care sint independente de parametru B?

2) dezordinea impune o izotropie globald [11] a compusilor, iar aceastd
proprietate ,,universald” duce la independenia despicdru dublefilor Kramers in
raport cu clmpul magnetic static.

2 Teorie. In lucrare se considerd cd, pentru explicarea trisiturilor spectre-
lor RPE ale ionilor 34° continufi ca impuritdft paramagnetice in materiale dez-
ordonate, in hamiltonianul de spin rombic trebuie considerati toti termenii (#=4).
S-a utilizat aproximatia cimpului magnetic slab, adicd hamiltonianul de cimp
zero, ¥, este mare in comparatie cu termenul Zeeman, iar cuanta de microun-
de, hv, este mai micad decit energiile despicdrilor in cimp nul Hamiltomanul de
cimp zero cel mai general, cind axa z coincide cu axa unui cub, are forma-

%, = B0} + Bi0i + B0} + B30 + Bi0: - (1)

Diagonalizarea lu1 %, in spatiul de 25 + 1 = 6 ori degenerat conduce la doud
matrict 4 identice de forma

soED [ FD
n §> By Bys B o
+ %> Tty Tipg Tips
¢%> Fay By -

S
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unde :
Jyy = 10 BY + 60 BY By = hyy = 4/10 B2 + 9 4/10 B}
hy, = —8 By + 120 BY hyg = by = 12 4/5 BS 3)
hgy = —2 BY — 180 BY hyg = hyy = 34/2 B2 — 154/2 B2

Se observi cd functiile proprii vor f1 trei dublefi Kramers de forma -

>+@& >tu|Try (k=123 (4)
w&+@44=1

Daci termenul Zeemmna actioneazd ca o perturbatie asupra stdrilor d(4),
tianzifule de rezonanti vor avea loc numai intre nivelcle fiecirui dublet in parte.
De obicei, linule de rezonantd sint 1dentificate in termem de factor1 g ,,efectivi”,

qu( = ag

) o .
Loy = WB , care pentru dublefnn Kramers se calculeazd cu relafiile
wph,

Ey(+) — Eal=) _ v
ppB, uBB,

i) = (¢ =% 3, 2) (5)

unde E,(+) si Ex(—) sint energule starilor ¢(+), respectiv ¢,(—) in cimp mag-
netic static, iar B, sint valorile de rezonantd ale clmpului- magnetic static
in directiile pr1nc1pale ale clmpului cristalin.

Nu s-a rezolvat ecuatia seculard corespunzatoare matrict h, c1 s-a ales un
set ortonormat de funcfi propru ciruta 1 se cere si diagonalizeze matricea. Acest
set s-a luat de forma

Yek) = (cos a cos  — sin acos B s ) [ S + (in acos v +
+ cos o cos Bsin y) ( + %> + sin ﬁsmy’ ¢%>

$a() = (—cos esiny — stn o« cos f cos y) |:F§>+(—sin asiny+  (6)
+ cos a?osﬁcosy)li%> +- smgcosy{?%>

Ya(£) = Sin“51nﬁ‘:t%>——cos<zs1n{3l%>+cosg‘ :F%>

Parametrn «, 8, v nu sint considerati ca unghiuri de rotatie, valoarea lor
fiind de fapt determinatd de rapoartele elementelor matricii %

Calcularea valorilor factorilor g izotrop: a fost efectuatd numai pentru dub-
letul u(4) care are do1 parametri independenti, suficient: sd acopere toate valo-
rile posibile ale componentelor principale ale factorului g efectiv.
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S-au gdsit [11] urmatoarele expresii pentru componentele g,(7)

&3(2) = go(4 sin?B sin?«a - 4 sin?f — 3)

gs(v) = go (3 sin?p cos?a + 2 «/5 sin B cos Bsin o — 4 J2_sin B cos B cos «) (7)
25(%) = go(3 s102B cos?a + 2 4/5 sin B cos B sin « - 4 4/2 sin B cos B cos «)

unde g, = 2 peantru 1oni in starea S = 5/2

Valorile 1zotrope ale factorilor g; s1 formele particulare ale functiilor proprii
Us(4), in cazul 1zotropiel, au fost determinate printr-un procedeu care consti in
doi past, inti1 se obfin functiile propru care rezultd daci se pfesupune |g,| =
= |gy| = g, iar in final acestor functu proprit li se impune conditia

lgs| = g = g1 Aceste doud cerinte vor conduce la functu propri cu valori,
bine determinate ale parametrilor ag, by, cx si vor determina ca intre parametrii

B} si existe anumite relatii de dependenti.
Condifia |g.| = |gy| conduce la urmétoarea ecuatie

sin B cos B cos @ = 0 (8)
In continuare se cousideri separat solufiile posibile
1) sin B = 0. Funcfule proprii sint §,(4) = ’ :F%> cu g, = g,=0, si g;=6
Aceastd solutie nu este in acord cu datele experimentale.
2) cos § = 0. Functiile proprii du(4) vor f1
N .
Condifia g = g; conduce la ecnatia

5 sin?e = 2 cos? « (10)

Uy(d) =sin a :]:—Z— S —Cos «

cu solutiile
tg o=+ \/% | (11)

30 N
pentru care g, = —, valoare care este In acord cu cele observate experimental
7

Cu solufrile cos B =0 si tg e = \/% matricea unitard corespunzitoare

functitlor proprii (6) va f1
5 2
4 \/~7— cosy \/7 cosy siny
U =+ '\/—g— siny '\/% siy cosy (12)

ViosVE
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Transformarea unitara

ULUT =N (13)
trebute si diagonalizeze matricea % astfel incit
=0 (i #) (14)
Conditia (14) conduce la urmétaorele relatii intre elementcle matricit /
AJ5 Bgg TF Af2 By = 0 (15a)
10
fryg =4 —— J (h1y — Ta)
{VineVin
" M o s
tg 2y = 7 ! (15¢)

5hn - 2hsa — 3y,

iar valorile propru vor fi

S5hyy — 2h9g — Bhgy cos?y
g, = hi, = h
! 1 3 cos2y T o
5hyy — 2hey — 3 in2
& = ffy = e = o+ g (16)
Shyy — 21
gy = Njy = 2 . 1= 20 BY + 160 B}

Examinind relatia (15a) se constatd cd ea este ecluvalentd cu
hza ~\/—2—
=2 = —=tgu«
hys = 5 &

34/2 (B - 5B . _\/_ —tga (17)

12 4/5 BS

sau

Tnseamni c# parametrul « este independent de parametrit B daci este
indeplinitd conditia -

B2 —5B% = |Bi| sau B ~ B} ~ | Bf| (18)

Acesta este cazul rombicitdtis totale a vecindtdtii ionilor paramagnetici s
rezultatul este prezentat in lucrare ca o noutate. Functia de stare in cazul rombici-

tifii totale va fi
2|, 5 50, 1
¢a(i)=\v/;[i;>¢\/;{i;> (19)

care are coeficienti bine definit:, independent: de valorile lui B
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3) cos a = 0. Functitle proprii ¢,(4-) vor f1-

dalek) = s B[ £ 2 +cos pl S

Condif1a g, =g , conduce la ecuafule:

5tg?8 F24/5tgp —3.=0

tg51=\/%; tg@z=—\/é
tgﬁs=\/§; tga4=—\/§-

care au solutiile:

el Tespectiv -

Pentru solutiile -

tg@=i\/§

. 30 |, .
se obfine gy= - acord cu rezultatele experimentale.

Matricea unitard corespunzitoare functiilor proprii (6) va fi

(:F'\/E sin cos VE sin ‘
14 Y Y 14 Y

Uy = ?\/% cos v — siy
9

0

14

Transformarea

UApU = 1

diagonalizeazd matricea % astfel incit

hy =0 (2 #7)

? COS
14 ¥

S
V14

(20)

(23)
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- Conditia (25) determma si fie 1ndep11n1te urmataorele relati mtre elemen-
tele matricii 4 o oy

JS Ty 4/9 7y =0 o - (26d)

hla —+ 2 3 */5 (hyy — higg) (26b)

o[V o= Vi) -

Shyy + 4heg — 9Ny

tg 2y =

Valorile proprii vor fi

g1 3
g = hyy =~ [57511 -+ 47122 — 9hg3] ::: 2Y + gy

cos?y

= fgg = — = [o/z11 + 4h,, — 9/133] = + Tt (27)
ey =hly = % (9%, — 5hyy] = 2582 + 360 BY

Se observd cd relatia (26a) este echivalentd cu.

hes E___ T .

R e LI (28)
sau R R

3 /2 (BE — 5BY) 9 .

10 (BZ + 9B3) “;C\/ @

Relatia (29) este indeplinitd daca

a) B} = B} — g - (30a)
b) B = — % Bz (30b)
¢) Bi=0, B2 #£0 (30c)

In primul caz termenul nediagonmal domunant in hamiltonianul de spin
este BiO}. In acest caz tg2y = 0, iar functiile de stare vor fi-

=]zt
v NG "
%(&x)f_\/%li%i\/%
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Aceste solutii sint independente de parametrii B§, B3, BY, st corespund unei
vecindtdfi tetragonale distorsienmate rombie, cu B2, B} < B}
In al doilea caz parametrul B poate avea orice valoare, dar in semnalul

. 30 o . TR . . .
izotrop de la gy = -, Tdmin vizibile numai tranzifiile provenite de la acei

vivas 1
tont paramagnetict care au vecindtdfi pentru care B = — P B

Al treilea caz apare cu o probabilitate mai mare $1 este sumilar cu cel pre-
zentat de Castner s colab. [1] cind in hamiltomanul de cimp nul este domi-
nant termenul BJ0jJ. Dacd tg2y = 0, ceea ce este echivalent cu 54y, -+ 4y, —
— Ohyy = 0, se obtin intr-adevar solutile lui Castner

) =FVEE D VEH 2D +VE D
bV VIR D YIS @
bo () = V3 i%>i\/1§4|¢g>

Dacd B2 # 0 si B} € B} semnalele de rezonantd sint distribuite in jurul
valorit g,; = 3?0 astfel cd lirgimea si forma linier de rezonantd este functie de

parametrul K = BiBj}
. " - 0 . .
Prin urmare, tranzitia 1zotropa de la g, =3—7- provine de la ioni paramag-

netici cu o vecindtate rombicd. In spectre rdmin vizibile acele tranzitii pentru
care a) B~ B}~ |B:|, b) BS #£0, Bisi B} < BY; ¢) Bi = — % B:; d) B #

#0, B: =0
Pentru solutiile :

tgp = F\/

factorul g izotrop are valoarea %0-

Transformarea unitaré
~1
UhUs " = A"

5 T
:{:\/E sin vy cos ¥y 'v-g siny

Us=| + \/% cosy —siny \/% cos v (35)

O B T

unde
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trebuie si diagonalizeze matricea % astfel incit si avem-

K, =0 (v #7) (36)
Conditia (36) conduce la urmaitoarele relatn intie elementele matricii 4
A5 gy Fhyy =0 (37a)
5
hg =+ JT {7111 — i33) (37b)
T H
g2y = [V syen) (38)
v Shyy — 4hpy — hy;
Valorile proprii vor fi
n 1
g, = hj; = — n (5h), — 4hyy — hsa] —}— /2
€y = Mgz = L [Shyy — 4hpy — Jigs] cory + Jgs (39)
4 cos2 vy

€y = Al = % [5hyy — hy;] = —20B2 — 960 BY

Se observd cid relatia (37a) este echivalentd cu

3 3 .
342(B} —5B)) . \/_ (40)
A/10(B2 + 9BY)
care poate fi indeplinitd daci
B2 — % B: (41a)
s 1
B — ~ B} (41b)

Rezultd ci, pentru o distributie largh a parametrilor B si B} In tranzifia izotropi
10 o N ..
de la g =3 rdmin vizibile numai acele tranzifi pentru care sint indeplinite

relatiile (41)
Dacd este indeplimta relajia (37b) avem

| BY| = — + BE + 5B
care pentru B <€ B, conduce la
| Bi| ~ 5 B} (42)

relatia care este valabili pentru o vecinitate cubici a ionilor paramagnetici.
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Prin urmare, matricea umtard (35) este asociatd cu vecindtiti'cubice distor-
sionate rombic
Dacd B st B < Bj, tg2y = 0 st valorile propru vor fi

bik) = [
— VIR VA “
) =V £ 3> £ V|42

Aceste functu proprin corespund unor vecindtat: cubice distorsionate tetragonal
(BS # 0) ale 1onilor paramagnetict

3 Conecluzii. Metoda prezentati mai sus confirmi ideea ci in spectrele
RPE 1zotrope ale iomilor 34° prezenfi ca impuritdfi in materiale dezordonate
rdamin vizibile numai acele tranzifu care sint independente de parametrn de des-
picare in clmp nul precum si de orientdrile cimpulur magnetic static. Semnalul

RPE de la ggf::i; este asociat cu vecindtdft rombice ale ionilor §1 acela de la

Gey = %0 este asociat cu vecinititt cubice distorsiona.e rombic sau axial Rezul-
tatele prezentate nu exclud o distributie largd a parametrilor By, dar semnalele
1zotrope apar cu o probabilitate mai mare Se gtie [13] cd semnalul izotrop de la

10 . . .
=7 este vizibil numai pentru anumite materiale dezordonate, de exemplu,

anumite sticle cut un anumit confinut de 1oni Mn?* Aceasta aratd ci, in materialele
dezordonate, vecindtétile pentru care domind termenn rombici apar cu o probabili-
tate ma1 mare decit cele pentiu care domind termenii cubict. Spectrele observate

la g,== %0 st 0 Gint un rezultat al 1zotropre1 globale a stdrii dezorodonate care
Iy 3

prezintd multe vecindtati diferite pentru ronn paramagnetici. Prin urmare, ideea
cd ar exista un numair limitat de pozitu bine definite, cum se face frecvent pentru
compustt dezordonat:, trebuie pdrasitd. Teoria prezentatd aratd cd vecindtitile
rombice care duc la semnale 1zotrope apar cu cea mal mare probabilitate, rezul-
tat care este in acord cuideea lu1 Czjz ek [11] Din nefericire, numai cu ajuto-
rul masuratortlor RPE nu se poate stabili valoarea absolutad a parametrilor B} si
nu se poate construi un anumit model structural plauzibil pentru microstrucrura

vecinatdtn ionilor paramagnetic.
(Intrat in redacpre ia 22 marive 1985)
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THE ISOTROPIC EPR SPECTRA OF 3d° IONS IN DISORDERED COMPOUNDS

(Summartry)

The paper presents a method of finding the 1sotropic g, values of the EPR transitions for

S = 5/2 state 1ons The "’fully”’ rhombic Hamiltontan (# = 4) 1s taken, of which matrix 1s diagona-
lised by unitary transformations corresponding to the isotropic value of the g, components The
method confirms our opmion that in the EPR spectra remawm visible only those transitions which
are mdependent of the zero field splitting parameters and also of the static magnetic field orienta~
tion Therefore, the 1dea that there exists a limited number of well defined sites, as frequently 1s
made for disordered compounds, must be rejected
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E TLohrmann, Hachenergiephysik,
B. G Teubner, Stuttgart, 1981, edifia 2-a,
248 p, 98 figun

Cartea profesorului din Hamburg, E. Lohr-
mann, cu titlul Futroducere tn fizica energulor
mar: cuprinde o serie de teme din fizica particu-
lelor elementare accelerator1 moderni, legile de
conservare §1 sumetrie, verificarea s1 limitele
electrodinamicit cuantice, cuarcu, gluonu, fizica
neutrinilor ete

Scrisd cu indeminare didactici, mai ales
pentru studenti, presupune cunogtinte de bazi
din fizica atomicd g1 nucleard g1 mecanicd cuan-
ticd Cartea este destmnati fizicienilor nespecia-
ligt1 pentru a le da o privire gemerald asupra
problemelor actuale din acest domentu Autorul
Incrind s1 la CERN (Geneva) a avut prilejul

Vibrational speetroscopy of phase transi-
tions, Edited by ZAFAR IQBAIL, FRANK J
OWENS, Academic Press, Inc, 1984, 316 pp
126 figures

Some aspects are presented m the book,
on infrared, Raman Brillowin and neutron spec-
troscopy employed in the study of phasetran-
sitions — field largely spread during the last
ten years

Each of the five chapters of the book,
being wntten by other authors and including
one of the mentioned spectral methods, can be
read imdependently Chapter 1, wnitten by Z.
Igbal, briefs the reader with the basic theorefical
notions as regards the phase transition In
Chapter 2, J Petzelt and V Dvoidk, after re-
viewing some general aspects on infrared spec-
troscopy and other corresponding experimental
techniques, present the results obtained by
employmg this techmique in the study of phase
transitton for vanous types of ferro-electrics
and lLgmd crystals, insisting on the disadvan-
tage$ of the method as to Raman spectroscopy
Chapter 3, written by G. A Wang, deals with
the study of the phase transitions of molecular

jononic crystals by Raman and Bullouin
oscopy As light difusion 1s brought about

;;};’ec&e variation of the tensor polarizability

RECENZII

si culeagd mformatii directe privind descoperi-
rile recente legate de ,,cirimizile’* de bazi ale
materie1 leptonu §1 cuarcu, se incearci si se
dezvolte fizica energiilor mai deductiv, fortele
nucleare fund prezentate ca forte intre cunarcu,

Cartea are patrn capitole 1ntroducere,
interacfiunea-electromagnetics, tare 1 slabi

Dupd publicarea acestei cirf1, autorul a
ma1 scris o carte cu titlul Futroducere in fizica
pavirculelor elementave (1983), unde abordeazi,
pentru publicul larg, aspecte legate de bozonu
W 5i Z% descoperiti recent de C Rubbia
(Geneva) Degi nu avem, incl, o traducere deta-
liatd a acestor cirti, ele pot fi de un real folos
pentru studentr si cercetiton

F KOCH

of the material — variation which 1s high 1n
the wvicinity of the phase transition points —
the author considers that high sensibility in the
study of these phenomena 1s obtamed by using
Raman and Bnlloun spectroscopy

Chapter 4, by Z Igbal and E Wede-
kamm, presents phase and conformation tran-
sttions in various biological systems — lipids,
polipeptides, nucleotides — by infrared ~and
Raman spectroscopy. Some advantages of Ra-
man spectroscopy in the study of biological
systems as to the infrared one are mentioned —
advantages entailled by the weak difusion of
the water molecules that mould these systems

A separate chapter, Chapter 5 written by
W Buhrer and Z Iqbal, 1s allotted to the study
of slow neufron difusion used in evidencing the
phase transitions The authors point out the
advantages offered by this method, as to others,
in obtaining information on wvibration in solids

In each chapter the material 1s gradually
presented by the authors, starting from general
aspects, and an up to date bibliography in the
respective freld 18 given in the end.

The book 1s very useful to those dealng
with the spectroscoy of the solid state and of
the biological systems, due to both the presen-
ted problems and the rich references.

T. ILIESCU
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