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SUR LLA POLARISATION DES PARTICULES DE SPIN QUELCONQUE

par
ZOLTAN GABOS

On sait que 1’état de polarisation d'une particule de spin s et de masse de
repos #m, peut étre caractérisé a l'aide des parameétres

e we =123 n=12 ..., 9. (1)

avec les propriétés suivantes:
a) ils sont symétriques par rapport aux indices 7, ;
b) aprés la contraction des deux indices nous avons

81 t in - 0 (2)

172 Yixls

Tenant compte de la propriété a) nous avons pour les particules de spin s
N, = % 25 + 1)(2s + 2)(2s + 3) 3)

grandeurs (1). Les relations (2) sont en nombre

1

Nous avons encore
1
0 = . ()
,/ 2s + 1

Dans cet article on démontre que dans le cas d’une polarisation compléte nous
pouvons écrire encore 4s? relations entre les parameétres (1).

1°. Soit
$ = u(p) exp(ipx)
la fonction d’onde des particules de I'impulsion j—;, de spins et de masse de repos
mo. Le spineur u(p) 2 2(2s + 1) composantes — dans le cas général — peut étre
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exprimé dans une base orthogonale formée par 2s 4 1 spineurs, de la maniére sui-
vante

2s
u =" Cyty
=1
(les spineurs de base représentent des états purs).
La matrice de densité de spin pour la superposition cohérente des états purs
est définie par
Prx = C4CE- 6)
Nous pouvons écrire les nombres complexes ¢, sous la forme

¢, = a, exp (19,),

donc
oss = 4%exXD [1(e; — @) ] 7
I’expression (7) nous conduit aux équations
C160ma — PrPmp = 0, 76 m g=1, ..., 25+ 1. (8)

3

Lorsque p,, dépend de la différence de phase ¢, — ¢,, les phases sont indétermi-

nées jusqu’a une valeur constante Nous pouvons donc écrire ¢, = 0 D’autre part,
lorsque Trp = 1, nous avouns

Par conséquent I’état de polarisation d’'une particule de spin s peut étre caracté-
risé par

22s + 1) —2=4s 9)
parametres (a,, ¢, k=2, ..., 25 4+ 1).
Des expressions (3), (4), (5), (9) il résulte, que parmi (8) nous avons
N, — N, — 1 — 4s = 4s? (10)

relations indépendantes

Dans le cas j=p, m=¢g=7+1,7=1, ..., 2s, nous obtenons en partant
de (8) 2s relations (réelles). Stnousavonsy) > p, m =9+ 1, g=p + 1, y=2, ...
..+, 25, I'équation (8) nous conduit aux s(2s + 1) relations (complexes). Il est facile
de voir qu’on obtient ainsi les relations indépendantes en nombre 4s2

2°. Dans ce qui suit nous aurons & considérer le cas particulier s = 1. Dans
ce cas mous avons

1, 1 1 2
p= ; —I—- 'sz—‘tJSJ + tkm [; (Sksm + Smsk) - ; Skm] ’

1(010) (o —1 0) 1 0 0
S;=-={1 0 1|, 8§=-2{1 0 —1|, $={0 0 0O}
2o 1 0 2o 1 o 0 0 —1

avec
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et
by + tee + f33 = 0. (11)
Donc
2 1 1 1t A
P11=“1=§+ﬁt3+333’ pre = A4+ — 1By,
2 1 1 )
P2 = @3 = 3 La3, P13 = (g — 22a) — b1y,
1 1 1
p33=a3=g—\ﬁt3+—2—taa: pos =A_ —1B_,
olt
1 1 1 1
Aﬂ:——tliv—gtm’ Bi—_—;tziﬁtza-

En partant del’équation (8) nous pouvons écrire les relations indépendantes an
nombre de 4, sous la forme suivante dans le cas de s = 1:

A% + B = a2z, (12)

A% 4+ B = aiai, (13)

A, A_— B,B_= %aﬁ(tn — ), (14)
A A_+ BLA_ = ait, (15)

Les équations (14), (15) complétées par (11) rendent possible d’exprimer #,,
fs9, t1p & l'aide des parameétres

tl: t2: ta: t13: tzs: t33'
(12) et (13) nous conduisent aux équations pour les parametres Z;5, £y
titis + labas = ajls,
1
B+ = a3l — ) — =B+,

On voit donc que les paramétres de base sont
f‘l; t2: ta; tBB'
Pour les états purs, nous avons

by =1y =ty = by = by = 0, byg = —2byy = —2%,.
(Manuscrit Tequ la 26 septembre 1969)
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ASUPRA POLARIZARII PARTICULELOR CU SPIN ARBITRAR

(Rezumat)

Se studiazd structura matricei densitdtu stdrilor de spm, in cazul superpozitier coherente a stirn-
lor pure Se arati, cid in cazul particulelor cu spinul s putem scrie 4s® relatn imdependente de tipul
{8) In cazul particulelor cu spinul unu se scriu concret cele patru relatu intre parametrii de polarizare.

O TIOJISAPU3ALMKM YACTHUIL C ITPOM3BOJIbHBIM CITHHOM
(Peswme)

Hayuaercst ¢rpyKTypa MaTpHUB! IJIOTHOCTH CIHHOBBIX COCTOSIHHI B CJydyae KOT€DEHTHOro HaJo-
FKEHHST UHCTBIX COCTOsIHHIT IlokaswiBaercsl, YTo B CJlydae YacTHIL CO CIOHHOM s MOMeM Hamucarbh 4s?
He3aBHCHMBIX cooTHowenHs THna (8). B ciyuae yacTHI C e IHHHYHBIM CIIHHOM KOHKDETHO IHIIYTCS YeThpe
COOTHOLIEHHST MEXAY NOJASPH3aLUOHKEIMH I1apaMeTpaMu



SPECTRUI, RES AL, IONILOR Gd3* IN CRISTALE DE CaF,

de
Al. NICULA, M. PETEANU si S. I. FARCAS

introducere. Gadoliniul trivalent este union cu sapte electroni fsi starea funda-
mentald 8S;.. Acest 1on a fost mult studiat prin metoda rezonanfei electronmice
de spin, deoarece, pe de o parte, spectrul siu RES se objine relativ ugor chiar
st la temperatura camerei, iar pe de alti parte din dorinfa de a elucida proble-
mele specifice legate de ioni in starea S printre care se numadrd si Gd3*+ Facilitatea
obtinerii spectrului de rezonanti corespunzitor ionilor Gd3* se explicd prin aceea
cd timpul de relaxare spin-refea propriu acestor ioni este destul de lung. Struc-
tura find a acestor spectre este bine rezolvati si constid din gapte linii de absorb-
tie Aditional, cu acestea se semnaleazi gi o structurd hiperfind cauzatd de spinul
nuclear al 1zotopilor 155 §i 157 ai gadolimului [2].

Un studiu amplu al proprietdtilor RES ale ionilor Gd3** in fluoruri a fost
efectuat de cdtre J. Sierro [1]. Acesta a studiat atit cristale sintetice de
CaF,, SrF,, BaF, dopate cu 1oni G, cit si cristale naturale.

Se remarci de asemenea, experienfele efectuate de W. Low [2], [3], [4]
care a studiat ioni de Gd3* introdusi in sulfat de etil, dublu nitrat, triclorurd
anhidri si triclorurd hidratati. Din punct de vedere teoretic, in interpretarea aces-
tor spectre W. Low a dezvoltat cu succes teoria elaboratd de Elliotsi Stevens
5] si Judd [6]

Ionii de Gd®* intrd substitufional in refeaua CaF, S-au studiat pe de o parte

. iomt de Gd aflafi in cimp de simetrie cubicid [7], pe de altd parte s-au identificat
ioni Gd** supusi actiunu cimpului cristalin de simetrie tetragonald [3], [8].
V M Vinokurov si colab. [9] au semnalat existenfa simultand a ionilor
Gd3* in pozitit cubice si tetragonale in cadrul aceleiasi refele. Acest fapt se tra-
duce in spectru prin aparitia liniilor stmple (corespunzitoare ionilor ,,cubici”), pre-
cum gi a asa-numitelor linii ,,duble” (corespunzitoare celor ,tetragomali”). Din
considerente de conservare a neutralitifii electrice a cristalului in ansamblul siu
la inlocuirea ionilor bivalenti Ca%* prin ioni trivalenti Gd**, s-a pus problema rea-
hizdrn unor complecsi ionici Autorii mai sus citaft si-au indreptat atenjia in spe-
cial asupra interpretdrii spectrelor de absorbfie corespunzitoare unor complecsi
tetragonali de tipul GdF, [10] si trigonali de tipul Gd(F,0) [11].

) Teerie. Refeaua fluoruri de calciu este cubici si conjine doi iom de calgig
si patru ioni de fluor pe celuli elementard (fig. 1) Ionii de calciu ocupd pozifil
situate in virfurie si in centrul fetelor cubului unitar, iar ionii de fluor sint situati
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in pozifii de simetrie tetraedrald de tipul (1/4, 1/4, 1/4). Toti iomi de calciu sint
echivalenti si fiecare dintre ei este Inconjurat de opt ioni de fluor imediat vecini
situai in lungul axelor <111> (fig. 2).

Pentru simetria cubicd hamiltonianul de spin corespunzitor are expresia:

H=gpH - S+ Bgog + B§O§+ BYO)Y + Bgog + Bgog (1)
<)
o F-
P /') 24
LA L] i ©Ge
L {
/' - L ] I
| I
2 I
2 = é

. %% ////

/)é, G -

F
A

F1g 1 Refeana cristalind a fluorurn de calciu Fi1g 2 Jonul Gd3t ca 1on substitutional
in reteana CaF,

unde O7, sint operatori echivalenf1 care au aceleasi proprietdfi de transformare
ca si armonicele sferice corespunzitoare.

Intrucit Gd3+ este un ion in starea S, problema centrald este stabilirea naturii
interactiunilor care cauzeazd despicarea stini fundamentale. S-a incercat si se
explice despicarea BJ cauzatid de potenjialul de ordin doi (constanta D introdusd
in cazul electronilor de tip d), intrucit nu existd posibilitatea de a explica desp:-
carea in cimp cubic pur [5], [6] Aceastd despicare imfiald s-a observat doar in
cazul jonilor 3d de exemplu Mn2% si Fe**. In cazul orbitalilor 4f aceasti despi-
care se explici pe baza perturbatiei cauzate de cimpul cristalin cu cuplajul spin-
orbitd. Acestea despicd starea de opt ori degenerati a orbitalilor 4f intr-un nivel
dublu degenerat, un altul de patru ori degenerat si, in sfirsit, un al treilea tot
dublu degenerat. In investigarea experimentali cimpul cubic are o contributie
insemnatd in explicarea stdrii S. Spectrul e mai usor de interpretat existind mai
pufini parametrii in hamiltonianul de spin.

Elementele de matrice pentru perturbagiile cimpului cristalin au fost date
de Penney si Schlapp [12], iar operatorii lor echivalenfi au fost dedus
de Stevens [13]. Acestia au pornit de la dezvoltarea potentialului cristalin
corespunzitor coordindrii cubice de ordinul opt si presupunind sarcinile negative
ca fiind punctiforme §i situate in virfurile cubului. Un fapt important care se semna-
leazd este acela cd potentialele de ordinul 4 si 6 sint de semn opus.

Nivelele energetice ale stdrii 8S;, in clmp magnetic au fost calculate de
citre Kittel si Luttinger [14] si ulterior mai detaliat de ciitre De Boerx
si Van Lieshout. Acesti autori au folosit doar potentialul de ordinul patru.
W. Low a generalizat rezultatele lor incluzind si potentialul de ordinul gase
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In interpretarea spectrului RES obtinut in experienfele noastre am pornit de
la hamiltonianul de spin care descrie ionii de Gd3* in rejeaua cubicd a CaF,:

H = gBIHLS, + g1 B(ELS, + H,S,) + B0? + B30f + BO? + BYO§ + B{Og (1)
Operatorii ce figureazd in expresia acestui hamiltonian sint definiti de:
03 =332 —-8(S+1)

0f = 2 (S+52)

1
2
09 = 355% — [30S(S + 1) — 25152 — 6S(S + 1) + 35%(S + 12 )
08 = 23158 — 105[3S(S + 1) — 7]S* -+ [105S%(S + 1)2 — 5255(S + 1) +

+ 294182 — 5S%(S + 1)* + 40S%(S + 1)* — 60S(S + 1)

03 =2 (S5 + %)

La o directie arbitrard a clmpului magnetic, pentru a stabili valorile proprii
ale hamiltonianului de spin intervine necesitatea rezolvidrii ecuatiei seculare de
gradul opt. Daci considerim insi cazul H || z problema se reduce la calculul solu-
tiilor a patru ecuatii pitrate. In aproximatia de ordinul intfi valorile proprii E,
ale hamiltonianului sint*

Eymp = +7/2gBH + 70 + 763 + B

v

Eysn = +5/2gBH + b3 — 135 — 588 3)
By = +3/2gBH — 303 — 303 + 902

E iy = 1/2gBH — 503 + 963 — 583
unde parametrii b, sint definiti ca:

1
B — 1o BO— 1 g0 Be —
g T g 8 &7 1260
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Deci tranzifiile de rezonanjd apar la valori ale cimpului magnetic date de:

&BH 193 - 1520 = hv F 663 I 2003 F 65
gBH s 132 = hv T 403 -+ 1089 + 1452 (5)
gBH 1312 12 = hv F 203 4 1209 T 1459
EBH 11p— —1j2 = hv

Rezultate experimentale. Am studiat spectrul RES al ionului Gd3* in cris-

tale naturale de fluorura de calciu, dintr-un esantion de provenientd englezd (Wear-
dale) Masurdtorile s-au efectuat la temperatura camere:r folosind un spectrometru

JES-3B, in banda X
Spectrele obtinute au permus calculul constantelor hamiltonianului de spin,
ca avind urméitoarele valori-

by = —0,00024 cm—* D = 3} = —0,00024
by = —0,04282 cm—! F = 303 = —0,12846
b2 = —0,00002 cm—*

g = 1,988

Semnul minus din fata acestor constante rezultd in urma faptului cd am cunoscut

poziia tranzifitlor in spectru [3] (fig. 3).

foaw-th
Yowrth Thp=w-%
5/ ar-3,
w5 6 | l ‘Z"’I % T,
2466 2817 2908 3361 3832 3945 4299

T1g 3 Tranzifule de rezonanti caractenstice tonulmi Gd3t in CaF,

In tabelul 1 sint date comparativ valorile intervalelor ce separd linule de
rezonanti obfinute experimental g1 calculate teoretic. Se observd o concordantd
destul de bund a datelor teoretice cu cele experimentale, cu exceptia liniei margi-

nale corespunzdtoare valorilor joase ale cimpului.
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Tabel 1
AHi Expenimental Teoretic
i=1 384 394
2 83 81
3 471 463
4 453 453
5 91 91
6 351 394

Spectrul prezentat in fig. 4 (corespunzitor cazului H|| <100>) constd din
sapte linii de structurd find bine rezolvate. Separarea componentelor fajd de tran-
zitia centrald 1/2 <» —1/2 este aproximativ in raportul 10:6:5°1 5 610, ceea
ce 1mndicd faptul cd simetria in jurul ionului Gd3* este predominant cubica

Fig. 4. Exemplu tipic de spectru RES al Gd*t in CaF, pentru H ||<100>.
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Dependenta de unghi a structurii fine a spectrului a fost studiati in planele
(100) si (111). In fig. 5 e indicati variatia unghiulari a structurii fine la rotirea
cimpului magnetic in planul (100). Spectrul e conform celui asteptat pentru un
cristal cubic, iar liniile de structurd find converg la aproximativ 32° g1 57°. Spec-
trul e ugor asimetric intrucit separatia intre tranzitiile (—3/2 < —1/2) — (—5/2

(100l (010
Fig 5 Dependenta unghiularid a structuru fine a spectrulun Gd*+ in CaF, in planul (100)

«—3/2) e mai mare decit cea corespunzitoare tranzitiilor (+3/2 «— + 1/2) —
— (+5/2— + 3/2). Similar, separatia liniei (7/2 <> 5/2) fatd de linia centrald
(1/2 «» —1/2) e cu ceva mai mare decit cea corespunzitoare cimpurilor joase
(—7/2 & — 5/2) datoritd efectelor de ordinul doi care intervin

La rotirea cristalului in cimp se constati o dedublare a linulor de structurd
find datoritd neechivalentei ionilor in cimp (fig. 5). Aditional se observd linii
ale unui spectru slab, intercalate cu cele ale spectrului principal. Low le considerd
ca fiind datorate unei componente axiale a cimpului cristalin.
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In urma rotirii cristalului in planul (111) s-a obfinut o dependeni unghiulari
a spectrului de structurd find conform fig. 6. Liniile converg la aproximativ 60°

fatd de axa <011>. Evolufia acestui spectru pune in evidentd o deformare axiali
pe directia <<100>.

H(Gs)

] 100

Fig 6. Dependenta de ungh a spectruli1 RES corespunzitor Gd3+ in CaF, la rotirea cristalulu in
planul (111).

Spectrele obtinute prezintd in cazul tranzijiei centrale si linii de despicare
hiperfind datoriti izotopilor impar1 ai gadolinjului care intrd probabil in compozi-
{ia probei studiate. O tendintd de rezolvare a structurii hiperfine in spectru se
observd si pentru tranzitiile 3/2 <—1/2, respectiv —3/2 «—» —1/2 care prezintd linii
satelite pufin intense.

(Intrat in redacfie la 4 octombrie 1969)
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3P CIIEKTP HOHOB Gd*+ B KPHCTAJIVIAX Car,
(PesomMme)

B pa6ote npuBopATcs pe3yabraThl HecemoBaHHs MeToloM DIIP HeKOTOPBIX NPHPOMHBIX KPHCTAJJIOB
CaF,, sarpssHeHHBIX HOHamMH Gd3+.

Tlonyuen 3IIP cnexTp, XapaKTepHEBIH IJIsT ralONHHHSA, HMEOIHA XOPOWO pelueHHbe JIHHHH TOHKOH
CTPYKTYPH ABTODHI BHIUHCJIHJH IlapaMeTpsl 3TOr0 CIIEKTPa, NPHMEHSIST COOTBETCTBYIOILYIO TeopHio Mccneno-
BAHHE YIJIOBOH 3aBHCHMOCTH TOHKOH CTPYKTYPH ClekTpa npoBefleHo B miockoctsix (100} m (111) mna
Pa3bACHEHHST BOIPOCOB, CBSI3AHHLIX ¢ CHMMeTDHEH OKPECTHOCTH NapaMarHHTHbIX HOHOB. ABTODHI HPHLIIH
K BBIBOJY, YTO CyllecTByer IpeoGJajaiolle KyGHyeckas CHMMeTPHs co cjaboii oceBod Hedopmauueil B
Hanpasiernd <<100>.

HesKBHBaJIEHTHOCTb HOHOB B peleTKe Gpula BHISBJIEHA NPHCYTCTBHEM ,,AyGaeTHuX’’ Jjumuit [Momyuu-
JINCh TaK¥Ke cJalkle NOMOJNHHTENbHBIE JHHHH H H3YYHJAAch HX YIJIOBash 3aBHCHMOCTb

RES SPECTRUM OF THE Gd*t IONS IN CaF, CRYSTALS

(Summary)

The paper presents the results following the study of some natural Cal, crystals impunfied with
Gd31 1ons using the method of spin electronical resonance

The RES spectrum characteristic to gadolmmum was obtaned having the lmes of fine structure
well solved The parameters of this spectrum were calculated applymng the adequate theory The angular
dependency study of the fine structure was effectuated 1 the planes (100) and (111) in order to cla-
nfy the problems linked to the simetry of the paramagnetic ton meighbourhood The conclusion was
drawn about the existence of a symmetry predominantly cubic with a slight axial deformation on direc-
tion 100

Ton unequivalence was evidenced 1n the network by the presence of “’doublet”” lines Slight addi-
tional lines were also obtamned, their angular dependency bemng studied.



CONDUCTIBILITATEA ELECTRICA SI FORTA TERMOELECTROMOTOARE
A SISTEMULUI SEMICONDUCIOR NiO — MgO — CoO

de
I. ARDELEAN si S. GOCAN

:

S-au studiat conductibilitatea electricd si forfa termoelectromotoare la probe
policristaline ale sistemulu1 ternar NiO—MgO—CoO. Misuritorile s-au ficut in
domeniul de temperaturid 300—800°K pentru rezistivitate si respectiv intre
600 —1200°K pentru forfa termoelectromotoare, in aer. Energia de activare a conduc-
tibilititii este AE == 0,67 ¢V. Forta termoelectromotoare este practic independentd
de temperaturd, ceea ce pledeazi pentru un mecanism de conductibilitate ,,prin
salt”. Semnul forfei termoelectromotoare indicd ci purtdtorir de sarcind sint de
tip 2.

Introdueere. Datele din literaturi [1, 2, 3] arati ci atit oxizii constituenti,
cit gi sistemele binare ca MgO—N1O si MgO—CoO [4] au fost studiate din punct
de vedere al proprietitilor electrice, de aceea ne-am gindit ci studiul sistemulut
ternar NiO—MgO—CoO ar fi interesant. Ma1 mult, acesta completeazi ciclul de
studii al sistemelor formate din oxizii metalelor de tranzifie (NiO, CoO), unde

predomind conductibilitatea electronici si oxizii ionici (MgO) la care predomind
conductibilitatea ionici.

Avantajele care simplifici interpretarea rezultatelor objinute pentru un astfel
de sistem constd in aceea ci: tofi oxizii care intri in sistem au o refea cubicd,
in sisteme binare prezinti o solubilitate completd, prezintd o stabilitate mare
in domeniul temperaturilor studiate si plasarea ionmilor Mg2?¥, Ni2%+ si Co®t in
refeana oxizilor este indiferenti, ca urmare a faptului ci tofi au raze ionmice
apropiate.

Studii aseméndtoare. s-au mai ficut pentru unele sisteme ternare ca
MnO—CoO—NiO, MnO—CuO—NiOsi altele, deI. T. Seftely si colab. [5—7].

Procedeul experimental. A) Prepararea probelor. | Probele au fost pre-
parate din carbonat de magneziu §i azotaii de mnichel §i cobalt sub
formd de pulbere, folosind tehnica obignuiti. Pulberile policristaline au
fost presate la 7 tflcm? sub forma wunor pastile de diametru in jur
de 10,5 mm si grosimea intre 2—4 mm Pastilele au fost supuse unui trata-
ment termic de presinterizare timp de 3,5 ore la 1000°C si sinterizare timp
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de 60 ore la temperatura de 1250°C. A urmat apoi un tratament termic in aer
timp de aproximativ 200 de ore la =~900°C. Conditii de sinterizare s-au ales
astfel, pentru a obfine un sistem monofazic cu reteaua bine formatd. S-au stu-
diat probele avind compozitiile in procente molare date in tabelul 1.

Tabel 1
Nr probei 1 2 3 4 5
N10 20 17 14 1 8
MgO 1 2 3 4 5
CoO 2 4 6 8 10

Am ales concentraftile astfel incit pe celula magneticd elementari si rdmind
un numdr constant de cationi (egal cu 23) si un numar mediu de 2 spini/cation
avind in vedere cd sistemul urmeazi si fie studiat s1 din punct de vedere magnetic

B) Miésurarea rezistenfei s1 forfei termoelectromotoare. Pentru mé#surarea
rezistentei am folosit instalajia aseménédtoare cu cea descrisd in [8]. Ca aparate
de misurd am folosit puntea typ TR 2102 si megohmetrul Tesla BM 283 In
prealabil Insi pastilele au fost argintate prin evaporare si depunere in vid.

Masuridtorile de forfd termoelectromotoare s-au efectuat cu o instalajie asema-
nitoare cu cea descrisi in [9]. Am folosit electrozi de platini sub formi de
plicutd, termocuple de Pt-PtRh, 1ar ca aparat de misurd potenpiometrul R—307
cu rezistenfa internd mare. Cu ajutorul unui microcuptor s-a menfinut intre cei
doi electrozi o temperaturd constantd de = 25°C care asigurd aparifia unei forte
termoelectromotoare suficient de mare pentru a putea si fie misuratd. Masuri-
torile s-au ficut la ricire.

Cit pentru rezistentd, atit si pentru fortd termoelectromotoare, misuritorile
au fost efectuate in aer.

Rezultate si discutii. a) Rezistivitatea electricd. Misurdtorile de rezistivitate
s-au fdcut in domeniul de temperaturd intre aproximativ 300—800°K. Rezultatele
sint date in fig 1-5.

Studiind dependenta log p in functie de 1/T se observd ci ea este liniard,
ceea ce demonstreazd ci comportarea sistemului pentru toate compozifiile este
descrisd de legea exponentiald

AE
p = Bexp KT

Din fig. 1—5 remarcim ci rezistivitatea practic nu se schimbd pentru dife-
rite compozitii ale probelor Aceasta am putea-o explica prin insdsi compozifiile
alese pentru studiu gi faptul ci tofi cationii care intrd in compozitie sint dublu
ionizati (acesta fiind asigurat de condifii de sinterizare si tratament, alese). Depen-
denta slabd de compozitie a proprietdtilor electrice la sistemele ternare a fost obser-
vatd si de autorii lucridrilor [5—7].

Din datele obtinute se mai vede cd rezistivitatea se schimbd cu 7 ordine
de mirime in domeniul de temperaturd studiat, fapt care indicd §i o importanta
practici a sistemulw.
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in fig. 6 este datd dependenta energiei de activare (AE) a conductibilitdtii
in functie de continutul in procente molare al MgO Calculul energiei de activare
s-a facut folosind relatia din [10]. Din fig. 6 se vede cd aceasta rdmine constanta
in tot intervalul de compozifie studiat s1 este ~ 0,67 eV.

AF o
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——t——

0§ o e
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Fi1g 6 Fig 7

b) Forta termoelectromotoare. Domeniul de temperaturd in care s-au efectuat
misurdtorile forfei termoelectromotoare este cuprins fntre 600—1200°K Rezultatele
masuritorilor sint date in fig. 1—5. Din reprezentarea coeficientulm forfei termo-
electromotoare (o) in functie de temperatura (T) se vede cd ea practic este indepen-
dentd de temperaturi. Fxceptia o face numai prima probd la care se observid
o ugoard crestere, dar liniard a fortei termoelectromotoare.

Tinind cont de faptul c& forfa termoelectromotoare este independentd de
temperaturs, putem spune ci mecanismul ,,prin salt” caracterizeaza conductibili-
tatea sistemului in domeniul de temperaturd studiat. Semnul fortei termoelectro-
motoare 1ndicd faptul cd purtdtorii de sarcini sint de tip $.

In fig. 1—5 am dat si dependenta lui «7 in functie de T'. Aceasta prezintd
o dependentd liniard. Prin urmare in acest caz pentru determinarea pozifiei nive-
lului Fermi putem si ne folosim de relafia

Ei=4+oT

unde 4 este termenul cinetic care datoritd valorii mari a forfei termoelectromotoare
poate fi luat =~ 2,5 [2].

Reprezentind coeficientul forjei termoelectromotoare in funcfie de concentra-
fia in procente molare a MgO (vezi fig. 7), se observd o ugoari sciddere a acesteia
Acest lucru se poate explica prin proprietifile electrice i rolul pe care-l joacd MgO
in cazul unui mecanism de conductibilitate ,,prin salt’.

(Intrat in redactie la 10 martic 1969)
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SJIEKTPOINPOBOOHOCTb M TEPMOJIEKTPOIBWXYIIAS CHJIA TIONYITPOBOIHHUKOBOM
CUCTEMDBI MN10-MgO-CoO

(PesoMe)

ABTOpH HM3y4aJH 9JeKTPONPOBOIHOCTE M TEPMO3JEKTPOABHKYINYIO CHJIY IOJHKPHCTANIHYECKHX
06pasuos Tpoiixoi cHcrembt N1O—MgO—CoO HM3mepenust yAenbHOrO 3/1€KTPHYECKOro CONPOTHBJIEHHS
NpoBOJHMJIKCL B obnactd TemnepaTyp 300—800 K, a mns TepmosnekTpoABHMCyulel CHJEl Mexay 600—
1200 K Dueprisi akTHBAlMH 3JeKTponpoBoiHocTH =¢0,67 ¢V TepMO3JIeKTpOABHKYymAS CHJid NpPaKTIi-
YeCcKH HE3aBUCHMA OT TEeMIIePATYPhI, YTO YKasblBaeT Ha CKAYKOOOPa3HbIH MeXaHH3M 3JEKTPOIDPOBOAHOCTH
3HaK TepMOZNEeKTPOABUKYIIEH CHIBLI NOKA3blBAET, UTO HOCHTENH 3apsifia ABJSAIOTCS II0JIOXUTEAbHEINH
(THna p)

ELECTRICAY, CONDUCTIVITY AND THERMOELECTRICAL POWER OF THE NiO—MgO—CoC
SEMICONDUCTOR SYSTEM

(Summary)

The electrical conductivity and thermoelectrical power were studied at polycristaline samples of
the N10 —MgO—CoO ternary system The resistivity measurements were made in the temperature domain
rangmg between 300—800°K and for the thermoelectrical power between 600 —1200°K The activation
energy of the conductivity 1s ~; 0,67 eV The thermoelectrical power 1s practically independent of tem-
perature, a fact recommending a conductivity mechanism by hopping” The sign of the thermoelec-
trical power indicates that the charge carriers are of p type






ABOUT MAGNETIC BEHAVIOUR OF Ni1—Cu ALLOY IN PARAMAGNETIC
DOMAIN

by
M. CRISAN and L. POP

1. Introduction. The Ni-Cu sistem is very often used in the experimental
investigation with the aim to clarify the nature of the magnetic interactions
1 Nickel There are two essential causes that this sistem is chosen: the alloys
with all concentrations can be obtained at the Curie temperature being high
for the experimental measures the low temperature is not necessary.

The existing theoretical papers [1—2] analyse the ferromagnetic domain for
this alloy in Stoner’s band model and explains the variation of the magnetic
moment with the concentration of alloying metal but for the paramagnetic domain
the applicability of this model is not satisfactory

In the last years a new model appeared which has as the main idea an interac-
tion between conduction electrons and localized spins [3—4] (the s-d model).
In this paper the s-d model 1s applied to analyse the Ni-Cu alloy in the

parramagnetic domain and Cecernikov’s [5] experimental results are qualitatively
explained

2 Experimental hackground. The experimental investigations of Sadromn
[6], Marian [7], Manders [8] showed that Ni-Cu system 1s feromagnetic
for T < T, and C < C,, C, a critical concentration of alloing metal (Cu). For
Ni-Cu sistem C, = 609, at Cu, but this value has been obtained by an extrapolation
method The microscopic significance of C, has been given by Wohlfart
[2] 1 the following way -

For C < C, the s-electrons of Cupper enter in the ’’s” and ’d” bands of
Nickel but for C > C, the s electrons of Cupper enter only in the s-band of
Nickel

By 1increasing the Cupper comcentration the number of the s-electrons grow
and a s-d couplage can be realised.

This couplage can appear for this alloy at hot temperature when the number
of the holes in the d-band is variable

3. Theoretical model. The s-d interaction is described by the hamiltonian [9]:

Hy = —{s(r)58,J¢ — R) M
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where: s (7) is the spin operator of s-electron and Eg, J (_1"—_1’2,) 1s the effective

field generated by the d-holes
For a haotic distribution of alloy we can consider for the hamiltonian (1)
the form:

Hy=—asy)s, @)

where: a = § J(r — R,)dr.

As it 1s known if the hamiltonian of a quantum sistem is given we can
obtain all properties of the system by means of the perturbation theory

But for the alloys with great concentration of alloying metal (as Ni-Cu in
paramagnetic domain) the perturbation theory is not aplicable and we shall use
a method of classical thermodinamic in order to obtain the magnetic susceptibility.
" The free energy of s and d spins is expressed by

1
2 2 as(S -+ —J
_ (Zugs) 2

F= — N,T| lnsh — Insh %2 (3)
T

2%0

where y, is the magnetic susceptibility of s-electromns, S 1s the d-holes spin and-
N, is the concentration of d-holes

After a minimalisation of free energy we obtain:

4;1.% s

N.aSBs (%) (4)
= 1“ I
Xo S\t

For T » a S s and after aproximation:

s L) 1)4
S+1__lx_"( +4) —‘2

Bs(x) = % s 45 Se
if applied we obtain:
oS _ 4SS 4 1) 2 (5)
Yo T
and for the Curie temperature:
T, = Nw*S(S + 1) (6)
12u%

The total magnetic moment M is composed as a sum of moments s-electrons
and d-holes and if the approximation T » a S s is considered ;

2

MEJQMS@ ﬂﬂ (7)
2up
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The paramagnetic domain beeing defined in the presence of the magnetic field
M the relation (4) becomes:

— 95,MzH = N,aSBq (8)
Xo

and after a Iittle algebra the following value is obtained for the magnetic suscep-
tibility :

4(.:.?355 [ (as + g, ugH)S ]

A1) =] 1+ (14 285 ] ©

T—-T, aXo

The relation (9) has the Cekernikov’s (5) form: y = y (14 x (7)) and explains

the deviation from linearity of L as T function
X

Conclusions. The s-d model is more comprehensive as band model for the
alloys 1n the parramagnetic domain. Quantitative calculation and a minute study
about variation of the number of d-holes will be welcomed in order to clarify
the nature of magnetic intercations in alloys.

The authors wish to thank Professor Dr. Tuliu P o p for several helpful
discussions about this paper

(Recerved 15t October 1969)
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ASUPRA COMPORTARII MAGNETICE A ALIAJULUI Ni—Cu IN DOMENIUL PARAMAGNETIC.
(Rezumat)

Se analizeazi comportarea magnetici a aliajulut de N1—Cu in domeniul paramagnetic pe baza
unut model ,,s—d”

Relapia gdsitd teoretic este identici cu cea stabiliti experimental de Cecernicov si colab.
pentru aceste aliaje

O MATHHUTHOM IIOBEJEHMU CIVIABA N1i—Cu B ITAPAMATHUTHOM OBJIACTHU
(PeswoMme)
AHanaagpyeTcx MargHTHOe noBefieHHe clviaBa N1 —Cu B mapaMarHuTHoOiH o6JacTH Ha OCHOBE MoO-
Jenu ,s — d”. 30 g

Teope'mlxecxﬂ HaiJeHHOe COOTHOIIEHHe HAJEHTHYHO ¢ COOTHOLIEHHEM, IKCIIEDHMEHTAJNEHO YCTaHOBJIEH-
mM Heue PHHKOBR M H €r0 COTpPYAHHKAMH JJIs 9THX CIJIABOB.
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ON MHD COUETTE FLOW IN SLIP-FLOW REGIME
WITH UNIFORM SUCTION AT STATIONARY PLATE

by
V. Al. SOUNDALGEKAR and D. D. HALBAVNEKAR (Bombay)

1. Introduetion. A number of research papers have been published on Couette
flow with or without suction at both plates and with or without trans-
verse magnetic field. The analysis is confined to fully developed one dimensional
flow between two plates inrelative motion. Two-dimensional Couette flow has
received very little attention. One such attempt with small uniform suction at the
stationary plate was recently made by Sinha and Chaudhary [1] under
the assumption that the pressure gradient betwen two plates is uniform This
assumption was later on modified by Varma and Bansal [2] and they ana-
lysed the problem by taking into consideration the pressure gradient normal to
the plate Varma and Bansal’s problem was recently studied bySoundal g e-
kar and Divekar [3] under the first order slip flow boundary conditions
and by Soundalgekar and Dhavale [4] under the transverse magnetic
field with no slip boundary conditions

The object of the present paper is to study the effects of the transverse mag-
netic field on a two dimensional problem studied in ref. [3]. Induced magnetic
field is neglected and the modified Navier-Stokes equations are reduced to third
and second order non-linear equations. They are solved by the method of pertur-
bation under first order velocity slip boundary conditions. Expressions are derived
for the axial and transverse components of velocity, axial pressure difference,
skin-friction coefficient, velocity gradient at the upper wall and the mass flow
coefficient to O(2), where A is the suction Reynolds number assumed < 1 Velo-
city profiles are shown on graphs and numerical values for others are entered in
tables for different values of M, (the Hartmann number) 4, (the rarefaction para-
meter) and A. During the course of discussion, comparison of the results of the
present investigations with those of the earlier investigations are presented It
is observed that in the presence of the magnetic field, (i) the axial pressure increa-
ses (ii) an increase in A4; or A leads to an increase in the applied force to move
the upper plate and (ui) an increase in h, leads to a decrease in the mass flow
coefficient.

2. Mathematical Analysis. Choosing x-axis along the stationary plate in the
direction of motion and y-axis perpendicular to it, the motion of an electrically
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conducting, incompressible, viscous fluid is governed by the following momentum
equations [4]

A, duy 1 9p, (azul 62141) B
y—=+ v = —— 2y — | — %y, 1
e T o Ox axz_l_ays o ! (1)
v, v, 1 3p, o, 621)1)
W, —+v, —=— ——= v |[—-+—], 2
10x+10y p@y+ (0x2+6y2 (2)
and the equation of continuity
Ou, vy
— 4+ —==0. 3
0x + Oy ( )

Here v is the kinematic viscosity and all other symbols have their usual meaning.
The slip-flow boundary conditions are

ulzs% v = —0, at y =0,

s @
%1:,00_8“‘6_“1_’ '1)1=0 aty=y0:

where the ship-coefficient ¢, is given by the expression
—2—-87

€, B

B

where [ is the mean free path, given by
I = (\/=/8/0-499) “ \/RT.
P

Here B is termal Maxwell’s reflection coefficient and R is the gas constant Also
U, is the uniform velocity of the upper plate and v, is the suction velocity at
the stationary plate assumed uniform and very small The assumption of uniform
suction leads to

dv,

=0 5

— (5)

Hence v, is a function of y only. Therefore

Fu . (6)
dax?
Also from (5) and (3), we obtain
0%
0. 7
052 0 @)
In view of (5), (6) and (7), equations (1) and (2) reduce to the following,
B g B Lo ow B,
ox dy p Ox oy? P (8)
vl .aﬂ' —_ — _E. Qﬁ' + v .ai

oy o Oy oy
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On introducing the following non-dimensional quantities

u = u,|]U,, v = 0/, e = %[y, } 9)
1=y[ye P =p/%
A= vY,fv Suction Reynolds number,
R = wuyyofv Reynolds number, (10)
M? = oB%yilu Hartmann number,
in equations (8), (9) and (3), we have
du X 0w _dp 10w e
uaq+Ran ae+ R on? Ru, (11)
o _ B 10w gu | A0y (12), (18)
a7 32 0y Ao’ 0= R 0Oy ’ ’
and the non dimensional form of the boundary conditions (4) is
u:hl?, v=—1 at  5=0,
! ou (14)
u=1—h—, v=20 at n=1
O
where
hy = Yo (15)

is the rarefaction parameter.

We now suppose that the perturbations p’ and u’ due to the suction are super-
imposed on p, and %, respectively, where the latter are the known quantities
for the flow in the absence of the suction and satisfy the following relations

%0 _ %0 _ o I _
O¢ ’ On ’ de
. (16)
Gee _ M2, = 0.
i

Hence the pressute p and the axial velocity u can now be represented. as

(e, m) = Do+ 2'(e, M), } (17)
ule, n) = uo + ', m), v =72'(n).
Here p, is a constant and #, 1n virtue of (16), is given by
— smhMv + by M coshMm ) (18)
(1 + K}M?) sinkM -+ 2k M coshM

which reduces to the usual form described by Pai [6] when %, = 0 and reduces
to that given by Schlichting [7] when A, =0 and M — 0. The case of
hy = 0 corresponds to reference [4], M = 0, %, 5= 0 corresponds to reference [3]
and A, = 0 and M — O corresponds to ref. [2].

Ug
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Substituting (17) in (11), (12) and (13), we get the following equations for the
perturbed quantities.

ou’ , oW A, Ouy Ao, oW op 1 8% M2,
hg—+ W —F—0 —>+ = — = — =} — ——, 19
068+ Je +R on +R 01 a‘n+R an? R ( )
, 2 ’ ’
g RW 1 )
O 2 Oy A Ont
on’ AoV
L= =0, 21
Oe + R 0On ( )

and the boundary conditions to be satisfied by the perturbed quantity u’ are
ou’

w =l —, v’ = —1 at =0
dn
) ow (22)
w = —h—, v =0 at n=1
an

We have now to solve the non-linear differential equations (19) and (20) under
the boundary conditions (22). So we suppose that
v = —f(n) (23)
From (21) and (23) we get
’ )‘ 7
# =2 of'() + Fl), (24)
I

where f(n) and F(y) are the unknown functions to be determined. Substituting
for o/, v', and u, from (23), (24) and (18) respectively in equations (19) and (20),
we get

el = MY — W — S g [ T

Je
1 f M coshMn + M sinhMn . f, ( smhM n + hycoshM )}
( 1 + A2 M?2) smhM + 2k, M cosh M) ] (1 + B3M2)smibM 4 2hy M cosh M
+F— MZF} , (25)
\ op’ A ' 71
I A O Y ) 26
2= — 2 O + 1) | (26)

In the absence of the external pressure gradient, (25) yields

’” ’ M cos hMn 4- k3M2sin hM )
B M " " ) —
o + 7\{fF f F +f ((l + B2M?2) sin M + 27, M cos h M)

. f'( sin AM 0 + kM cos kM 4 ) —0 (27)
(1 4+ BM?) sin AM + 28, M cos b M )

Also differentiation of (26) with respect to = gives

T _ 28
2o , (28)
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and differentiating (25) with respect to » we obtain, in virtue of (27) and (28),
a e ’ L 1

oy U= MY = N = =0, (29)

which is true for all e.
Hence integrating (29), we get

[ =M =N =) = (30)

where ¢ is the constant of integration to be determined. We have now to solve
equations (27) and (29) under the following boundary conditions

f0) =1, f(0) =af"(0), F(0)=mnF(0), } (31)
) =0, f(1)=—=mfQ), Fl)=—nF(1)

Solution for small . To solve equation (30), we follow the method of pertur-
bation. We assume the following expansions for f and ¢ in powers of A, near 2A=0.

f=fo+7\f1+7\2fz+ +7\”fm (32)
and
C=¢Co+ A + Mg+ ... 4+ Nc,, (33)

where f. s and ¢, s are taken to be independent of A. Substituting (32) and (33)
into (30) and equating the coefficients of like powers of A, we have the following
equations .

+

fo" — My = c,, (34)
v — MY — fR Y = o .(35)
These are to be solved under the following boundary conditions of f;s:
Fo(0) =1 and f£,(0) =0 for all n>1
F(0) = A, f,'(0 n>1
(0) = 2. /,'(0) (36)
f(1) =0 for 7n>0
f(l) = —h f(1) for n>0.

On solving equation (34) and (35) under the boundary conditions (36), we get the
solution for f to O(}) as

f(n) = Aycosh Mn + BysinhM~n — 9”_]";_1)0__{_ 2 [ A, cosh Mn +
. C, D WAy
+ Bysinhby — ZLE2 4 By - (Xokeon+ S0t wtjcoshMn+ - (37)

+ (HO 4 Tgn + %MC_} 42 sin an] ,
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where the constants are given by the following relations:

A = (M2 — 2) + (ByM — sinhM — hZM3) sinhM + (2 — 1, M?®) coshM — h,M sinhMcosh M
o (cos B M + kM2 — 142 -+ (1 — 2k, + F2M%)M s h M + 2(ky M2 — 1) cos k M} g
sink M + 2 M(1 + cosh M)
2+ (1 — 2k + B3MAM smh M + 2(h,M? — 1) cosh M ’

0=

Co = M3 By — A M), Dy = M4, — 1)
E,=43— B} —5& I, = BP0 74Co
0 e’ O one ans
o — ADy _ TBCo I — 7BCo __ AdDs
7 Toap ams 0 8sM ane’
74,Co  BoD
X = T4Co __ BoDo — I, + H, 4+ 2C
LYY 4M3 O = Lo+ Ho +5 amz’
Cvo

XoM? + 2] M + 2%,

R, —Io+(eo+X)M+“° +Zﬂj (Jo + Hoh M? 4+ 2he,M +
4 nCods | hIBo o hIB‘,Co

M

Ry = o+ (Lo + Ho)M + (oo + Xo)lM? + 20y I M 4 o0 T HCo p

M2
ByCy | mCody . 1 B,Co
+ 4M + 4 + M’
P,=X Codo P,—E H,M
1= X+ € + ’ o =Lyt ey + HM,

403
Sy =Xy + e+ HM
=e+ (Hy+ Ry —Qo)M + hye, (he(hy M2 — 1) — b, S, M?,
Ty= (R, — Sy + hy &y — P)M, Ty=P b M*+ QM — R,,
Ty=h Q M2 — R,
A, — Mo+ Ty suh M + Ty coshM + Ty swnhM coshM + T, smlM + Py M costiM
(2hy — R2M?2 — 1)M2 smhM + 2(1 — hyM*)M coshM — 2M

B. — S; — Pycosh M — a, ssahM — hye; — A, (cosh M - b, M2 — 1)
* smhM — M

Ci,=B, M —h A, M2+ P, — hy ¢, \M?,
D, = (4, + X)M?
and the constant ¢ from (33) is given by
¢=M?(By— hy AyM)+ \M2(B, M — h,A, M2+ P, — I, G,), (38)

3
l
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f(n) has now been determined, we have to find F(n) from (27).
F(n) in powers of A near A = 0 as follows:
F=Fy+4 M\, + F,+ ...+ »F,, (39)

where Fo, F, ... etc are supposed to be independent of A. Substituting for f and

F from (32) and (39) respectively in (27) and equating to zero the different powers
of 2, we get the following equations:

F,” — M2F, = 0, (40)
M h M hy M2
F{' ——IWZFI +fo( cos i 1 1.;+ iy M2sin i Mn ) .
1 + 42 M2%) sink M + 2h,McoshM

f, ( sk Mn + hy M cosh Mny
1 4 #3M?2) smhM + 2k, M3coshM )

So we expand

(41)
The boundary conditions on F ’s are
E, (0) = &, F,; (0) for n=0
F,(1)=—mF, (1) for n =0 }
The solutions for F,, F,, are now given by

¥o=0, F, = 4, coshM~ -+ B, sinhMn 4
4 Ao — I BoM
M

(42)

2N 7yCo
+ (21 + Zom + Y sinhMyn +1|Z; + Z Y 72| cosk M q

(43)

(1 + A3M?) smhM + 2, M cosh M
where

3C 111D 2D, — 8
z, =25 _bD g, 2D G,

8M  4AM? B 4Me
7. — 8Cy—2D, 7 _ MmDy _ 3G
8 83 87 oM 4ne
B BOM — A,
= | = (Py o Hy o+ IH,)eosh M+ (Hy ++ PonM + JuHe) smh M

>

{(1 + KEM2) sk M + 2k, M cosh MY
7. o 2MH(Co + 2Dy) + BColly — 2) — 2D,
3 —_— 2

8M2
_ 2M¥(C, + 2D,) -+ 2k M3Dy — Co) — 3C,
1 8M® ’
_ 2M¥Cy + 2D¢) + 28, M*(3C, + D) + 3G,
s 84
£ o 2MHCO + 2Dy) — (2 + 3h)Co + 2D, |
8 8M®
p. . BMDy — 31:Cy + Dy — 4(Ag — by BeM) M*
5 413
A, = h,BM + Ps
4 — 1Ly ’

(1 + A3M N3 smh-+ 2k M cosh M
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Hence F(vq) is now given by

where F () is given in (43).
We can now write the axial and transverse components of the velocity From(17),

(18), (24), (37) and (43) we have

sk M n + M cosh M 7 A .
% = —e|M(A,sinhAM B, coshMn) —
(1 4+ h2M2) smh M + 2h,M cosh M + R [ (4o 1+ By )

— 2o M M(4, sinh M + By cosh Mr) — T2 4 Eo+ [eo +MHo+Mfon +

Codo BoCy o
) +7M—n) cosh M + ((I + MXO + MCyn + 22
4 ==L C"A“ 7n? ' sink My ]} + A, coshM~n + B sinhM~n -
Ay — by By M hiCo
_I_ (—M——'J + (21 + Zgm + O 'q’) sinhMn + (Za + Zm+ W n? J cosh M (44)
(1 + PM?) smh M + 2k, M cosh M
and from (23) and (37), we get
S [Ao coshMy + B, sinkMy —ﬂ"—“ﬁ 1 x[Al coshMy + B sinhMy —
1 Dl
— EEDep EBon Xy + eon + S0 ) coshMn -+
Zo%0 o .
+ (Ho + Ion —}— 4M2 ] ) sm/zMnH (44a)
The pressure distribution, obtained from (25) and (26) is
_ — ¥ Dty e
p(o: 0) P(E, 71) oR? (f 1) + e (f f(o)) oR? €% (45)

where ¢ is given by (38). Hence from (45), we can now write the axial increase
in pressure as
— p(0, ) =22 g2 46
ple, 1) — 20, ) =22 (46)
The numerical values of the axial pressure increase, calculated from (46) are ente-
red in table I.
The velocity gradient at the upper moving wall is obtained to 0(2) from (44) as
follows :
du

= Micosh M + WMonh M) __ 4 M o4, coshM + B, sinhM) -+
n

a1 (1 + A2M?) smhk M + 2k, M cosh M R ;
+ MM(A,sinhkM + B,coshM) +
2Co + CoM? + AMAZ,M + Z, + Z,M) Co + 2Cohy + AM(Z,+ Z,M + Z,M)
A sinh M 4+ ( ey

) coshM

+
(1 + 22M?) sinkM 4+ 2kh,M cosh M

(47)

are entered in table II.
=1

. d
The numerical values for d—u
n
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Table I
Values of P(e, n)—p(0, n)
N
M A h € 0 20 40 100 200 400
1
0 0 0000 00335 0 1342 0 8389 3.3556 | 13 4225
01 01 0 0000 0 0236 0 0944 0 5898 2 3593 9 4373
2 02 0 0000 0.0192 0 0768 0 4805 19220 7.6878
0 0 0000 00671 0 2684 16778 67112 26 8450
02 01 0 0000 00472 0 1887 11796 47187 18 8748
02 0 0000 00384 0 1537 0 9609 38439 15 3757
0 0 0000 00617 02471 15444 61777 | 247111
01 01 0 0000 0 0490 0.1963 1 2267 49070 | 19 6280
4 02 0 0000 00439 01758 10991 43964 | 17 5857
0 0 0000 0 1235 0 4942 3 0889 12 3555 | 49 4222
02 01 0 0000 0 0981 0 3925 2 4535 9 8140 | 392560
02 0 0000 0 0879 03517 2,1982 87928 | 351714
0 0 0000 01077 0 4309 2 6933 10 7734 | 43 0934
01 01 0 0000 00908 0 3635 22718 90873 | 363493
6 0.2 0 0000 0 0848 0 3393 2 12086 8 4823 | 339292
0 0 0000 02155 0,8618 5 3866 21 5467 | 86 1869
02 01 0 0000 01817 0 7269 4 5436 18 1747 | 72 6987
02 0 0000 0 1696 06785 4 2411 16 9646 | 67 8584
Tadble 11
du
Values of veloeity gradient d— n=1
7
>
M A & 0 20 40 100
h,
o 07266 08544 0 9821 1 3655
01 01 1.0068 10848 11628 1 3967
02 11384 11945 12506 14189
2 0 1.4532 17087 1 9643 27310
02 01 1.7387 1 8947 2 0506 25184
0,2 18748 19870 2 0992 2 4358
0 10 9122 11 0611 11 2099 11 6566
01 01 11 7321 11 8174 11 9028 12 1588
02 11 9058 11 9656 12 0254 12 2049
4 0 21 8243 22 1221 22 4199 23 3132
02 01 22 6480 22 8287 22 9894 23 5051
02 22 8242 22 9439 23.0635 23 4224
0 121.0230 121 2020 121.3810 121 9170
0.1 01 122 4320 122 5260 122 6210 122.9040
02 122 5150 122 5790 122 6430 122 8350
6 0.1 242 0460 242 4040 242.7610 243 8330
02 01 243 4580 243 6470 243.8350 244 4020
0.2 243 5420 243 6700 243.7990 244.1830

3 — Physica 1/1970
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The skin-friction at the stationary wall is

vy ( de
v o= B (—] , (48)
Yo LdnJy=0
which in non-dimensional form is given O(}) by
co_2 M Aed OM*
PR | (1 + h2M?) sk M + 2k M cosh M R
Z, + Z,M
+ A(B4M + 1+ 2 , (49)
(1 + #3M?) smh M + 21, M cosh M
where
Cr=opU}
The numerical values of C; are entered in table III.
Table TI1
Shearing stress Cy at the stationary wall
>
M AN 0 20 40 100 200 400
l 1
0 05783 0 4505 0 3227 —0 0606 —0 6995 —19773
01| 0.1 | 03972 0 3192 02413 0 0074 —03824 —11621
02 | 02905 0 2344 01783 00100 —02704 —08314
2
0 0 6051 0 3496 0 0940 —0 6726 —19505 —4 5061
02| 01 | 04154 0 2594 0 1035 —0 3642 —11439 —27033
02 | 03039 01917 0 0795 —02570 —0 8180 —1 9399
0 0 1525 0 0036 —0 1452 —05918 —13363 —28252
01| o1 | 0.0776 —00077 —00930 —03491 —07758 —162903
02 | 00469 —00120 —00727 —02522 —05513 —1 1495
4
0 0 1586 —0 1392 —0 4369 —13303 —28192 —5 7969
02| 01 | 00805 —0 0902 —0 2608 —0,7729 —16264 —33334
02 | 00486 —00710 —0 1906 —0,5496 —11478 —2 3422
0 0 0308 —0 1478 —0 3265 —0 8625 —17558 —35425
01| 01 | 00120 —0,0823 —0 1767 —0 4598 —09316 —18753
02 | 00063 —00577 —01218 —03142 —06348 —12759
6
0 0 0319 —03254 —0 6827 —17547 —35414 —71148
02| 01 | 00124 —01763 —0 3650 —09312 —18749 —37622
02 | 00065 —01216 —0 2499 —0 6346 —12757 —2 5580
The mass flow per unit breadth of the plate is given by
Q= U, S; u d. (50)
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Substituting for u from (44), we get on integration

M sinh M + cosh M — 1 A .
0= ono[ 3 + + 2 [A(coshM — 1) + B, sinhM —
MA(1 + h2M?) sk M ++ 2k, M cosh M} R
G 5[ ABi+ ABy+ AB, + 4B AsmhM + By(cosh M—1) (51)
M2 (1 + R2M)smh M + 2h M coshM M ’
where
A, — B, M MZ—Z,—2
AB, =S AB, ="2a— 517 2, .
M M3
AB. — (CoM* + 20 M2 — 4Z,M° + 4Z,M! + 4Z, M%) cosh M
s 4M8
AB. — (Clul? + 2Co — 2C, 4ZM* — 4Z,M° — 4Z, M%) smh M.
4 4 M
But the mass flow in the absence of suction 1s given by
Qo _ UoYo M smh M 4 cosh M — 1 (52)
M{(1 + 2§M?) sinhM + 2k M cosh M}

Hence from (51) and (52), the mass flow coefficient 1s given by

Ce = Q0o (53)
where Q and Q, are given by (51) and (52) respectively. The numerical values of
C, are entered in table IV

Table IV
Values of Mass flow coefiicient C,
-
M 2 8 € 0 20 40 100 200 400
1
0 17419 15971 14523 10178 02938 —1 1543
01 01 1 3207 12240 11274 0 8373 0 3538 —0 6130
2 02 12084 11246 10407 07893 0 3702 —0 4679
0 17419 15971 14523 10178 0 2938 —11543
02 01 13846 1 2687 11527 0 8049 0 2251 —0 9345
02 12640 11578 10516 07331 0 2222 —0 8595
0 1 1065 10760 1 0457 0 9544 0 8024 0 4983
01 01 | 10522 10240 0 9958 09111 0 7000 0 4878
4 02 | 10336 10058 09780 0,8946 0 7556 0 4776
0 11065 10761 1 0457 09544 0 8024 0 4983
02 01 1 0542 10249 09956 09078 07614 0 4687
02 | 10352 1 0061 09771 0 8899 07447 0 4542
0 10183 10123 1.0063 0 9883 0 9585 0 8987
01 01 | 10075 10016 0 9957 09779 09484 0 8893
6 02 | 10043 0 9985 0 9925 09748 0 9453 0 8862
0 10182 10123 1 0063 0 9983 0 9585 0 8987
02 01 | 10076 10016 0 9957 09778 0 9481 0 8886
02 | 10044 0 9984 0 9925 0 9746 0 9449 0 8855
3. Conelusions. The numerical calculations for w, v, ... are carried out for

R=100, »=0-1, 0:2, #, =0, 0-1, 0-2 and ¢ = 0, 20,40, 100, 200, 400 The
axial and transverse velocity profiles are shown in Figs 1—5 showing the effects
of M, h, and A. We have the following conclustons from the tables
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1. From table I, we have the following observations: In refs. [2, 3, 4] it
was observed that an increase in suction Reynolds number leads to an increase
in axial pressure It also increases with increasing e. Both in slip-flow and no-
shp case, an increase in M leads to an increase in the axial pressure Also with

201 —— —
02— — -

oa o3 "V/Vo o6 CY-) 10

Fi1g 5 Transverse velocity profiles for M =2, A=0:1

or without magnetic field, an increase in 4, leads to a decrease in the pressure For
comparison, we have from ref. [3] the values of the axial pressure for M = 0,
Ay =01, A=0 -1, ¢ =40 as 0-0558 whereas from table I, the corresponding
value 15 0-0944 This shows that under the influence of the transverse magnetic
field, the axial pressure increases in slip-flow regime

2 In table II, the values of the velocity gradient are entered. This shows
that the force necessary to move the upper plate has to be increased as M, A, %,
or = 1ncreases. In hydrodynamic case [3] the force to be exerted is less as A or
h; increases But under magnetic field, an increase in 4, or A leads to an increase
in the applied force

3 In table III, the numerical values of the shearing stress are entered. One
can observe that an increase in %,, A or M leads to a decrease in C;. The same
was observed in ref. [3] But in hydrodynamic case, the separation was observed
to be delayed due to the rarefaction of the gaseous medium. However, the appli-
cation of the transverse magnetic field enhances the separation as was observed
in ref [4], eg C, was found to be negative for ¢ = 100 when M =2, A =0-1
and %, = 0. But for #, = 0-1, for the same M and A, C,; is found to be positive.
Hence under the action of the magnetic field, the separation is also delayed due
to rarefaction.
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4. The mass flow coefficient decreases along the length of the channel as %,
increases, but increases as A increases. In ref. [3] it was observed that for M = 0,
b, =0-1, and A=0-1, C, =0 - 9462 when ¢ = 400. But from table IV, the
corresponding value is 1.1274 for M = 2. This shows that C, increases due to the
application of the magnetic field, 1n the slip-flow regime But in no-slip case the
corresponding value of C, for M = 2 is 3.077. This shows that the rarefaction

of the medium decreases the flow coefficient
(Received September 22, 1969)
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DESPRE SCURGEREA COUETTE MHD IN REGIM DE ALUNECARE SI CU SUCTIUNE
CONSTANTA PE PLACA TIXA

(Rezumat)

Se face o analizi a scurgernn Couette bidimensionale in regim de alunecare, a unu fluid viscos,
incompresibil §1 conductor electric Se considerd, de asemenea, o sucfmune constantd slabi pe placa
stationard In aceste conditi, ecunatule lm1 Navier-Stokes, care descriu scurgerea bidimensionald, sint
reduse la doud ecuatu diferentiale ordinare neliniare de ordinul tre1, respectiv do1  Aceste ecuatu se rezolvid
prin metoda perturbatulor dupi puterile lu1 A — numdirul lut Reynolds de sucfiune Se dau grafice
pentru profilele axiale g1 transversale de vitezi st se stabilesc tabele pentru diferenta de presiune, gra-
dientul de vitezd pe placa superioari s1 coefictentul de masi Aceste rezultate se compard cu cele
cunoscute din cazul cind lipseste cimpul magnetic s1 suctiunea

O Mra TEYEHHHM KY2TT B PEXHME CKOJIB)KEHHS M C NIOCTOSHHBIM T1I0JCOCOM
HA HENIOABW)XHO! IIJIACTHHKE

(PeswonMe)

TlposoauTcs ananus AByMepHOro TeueHust KysTT B pexxHME CKONbXeHHS BS3KOH HECHKHMaeMOH
3/IeKTPONPOBOAsIIeH XKUAKOCTH PaccMarpuBaercst TakiKe caaGbiil MOCTOSHHEBIE NOACOC HA CTANMOHAPHOM
nacTHHKe. B aTHX yesioBusix ypasuenus Hasne—Crokca, OnHCHBapolne IBYyMEPHOE TeYeHHE, CBOLATCS
K JABYM HeJHHEHHEIM OGbIKHOBEHHBIM AH(depeHIHaNbHEIM YDaBHEHHAM TPEThEro, COOTBETCTBEHHO BTOPOrO
nopsiika OTH ypaBHEHHs PeNaloTCsi METONOM NepTypOaluii Mo CTeneHsM A — NOJCOCHOE uHCJo Peil-
nonAca Jlalotest rpaMKH JUISt OCEBLIX H IIOMeDEYHHIN HPO(uJell CKOPOCTH H YCTAHABJIHBAIOTCH TAGHHLb!
L7151 PA3HOCTH JiaBJIeHH s, PPaIHEHTa CKOPOCTH Ha BePXHel IIACTHHKE M Kod(guIuenTa Macchl. STH Pesyiib-
TA4Thl CPABHUBAIOTCS € pPe3y/bTATaMH, HM3BECTHHIMI U3 CJAyyas, KOrJa OTCYTCTBYeT MACHHTHOE NoJje H
IIOACOC



UNELE DATE STRUCTURALE SI ELECTRICE
PRIVIND SISTEMUL V,0;—Sb,0,

de
S. GOCAN, L. STANESCU si Y. ARDELEAN

Acest studiu face parte dintr-o serie de lucriri consacrate sticlelor semiconduc-
toare pe bazi de V,0;. Inainte de a studia sistemele ternare s-au efectuat studii
asupra sistemelor binare [1—4] care intrd in compozitia sticlelor semiconductoare
pe bazd de V,Oq

Nu existd nici un fel de date in literaturd privind structura si proprietafile
acestui sistem

Partea experimentald. 1 Prepararea probelor Probele au fost preparate din
produsi de puritate p a. care au fost topiti in creuzete de cuar.

In tabelul 1 este redati compozitia probelor exprimati in procente molare.

Tabel 7
Nr probei . 1 2 ‘ 3 4 5 7
V,0;, mol. % 98 95 90 80 70 60 50
Sb,05, mol 9, 2 5 10 20 30 40 50

2. Studiul speetrelor de absorbtie in infrarosu. Spectrele au fost obtinute cu un
spectrograf UR—10 folosind tehnica pastei In nujol.

In fig. 1 redim spectrele componentilor puri.

Spectrul V,0; este interpretat in lucrarea [5] §i amintit in lucrarea [3].

Spectrul Sb,0, constd dintr-un domeniu de absorbtie larg, cuprins intre 400—
800 cm~! in care se constati trei maxime mai mari s1 doud mai muci, dupd cum
urmeazd: 465 cm—!, 555 cm~1, 600 cm=l, 650 cm-! st 770 cm—!. Ultimul
este si cel mai intens Se constati ci acest maxim este in apropierea 810 cm—! a
pent-oxidului de vanadiu, care corespunde vitratiilor legdturilor —V—-O—V—.

In fig. 2 s1 3 sint redate spectrele sistemului V,0, —Sb,0,

Pe misura adaosulur de Sb,0, se constati disparifta (la raportul echimolar
al componentilor) maximului de la 810 cm—! Daci sistemul ar fi constituit dintr-un
stmplu amestec mecanic al componentilor, in jurul frecvenger de 800 cm—* maximul
nu ar trebui si dispari, deoarece ambii componenti posedd absorbtii in acest domeniu
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(Sb,04 are maximul cel mai pronuntat la 770 cm—2). Se poate trage deci concluzia
cd intre componenfi existd o interacjiune chimicd

3. Studiul termogravimetric. Studiul termogravimetric a fost intreprins cu
ajutorul derivatografului de tip OD—101 (PPE—676).

S-a studiat schimbarea de greutate la topire §i s-a constatat ¢ in timpul topirii
a avut loc o absorbtie de oxigen datorti existeniei ionilor de vanadiu de valents
inferioard [6].

In fig. 4 redim cantitatea de oxigen absorbiti pini la topire, exprimati in
miligrame de oxigen raportatd la gram de substanji. Examinind aceasti figuri
se constatd un maxim al absorbfiei de oxigen situat la 209, molare Sb,0,
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Un fenomen interesant la acest sistem se constati dupi topire. Toate termo-
gramele indici o sciidere de greutate foarte clard in domeniul de temperaturd
in care existd numai fazd lichida.

Rezultatele din figura 4 se referd la o absorbtie de oxigen care are loc in
apropierea imediatd a temperaturii de topire, pind la punctul de topire, unde se
constati un maxim de greutate, dupa care incepe sciiderea de greutate amintita
mai sus.

4. Studiul rezistentei electrice in funetie de temperaturi. Pentru studiul rezis-

tentei electrice in funcfie de temperaturd s-a folosit instalajia i metodica descrisd
in Iucrarea [1]

tn fig. 5 este redat graficul dependentei log.R = f (-;—) Se constatd o depen-
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Fig 4
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[3)

dentd caracteristicd semiconductorilor. Curbele semilogaritmice prezintd o pantd
variabila.

in fig. 6 redim graficul energiei de activare a conductibilitdfii electrice (AE),
functie de compozifia sistemului S-au considerat pantele curbelor semilogaritmice
din domenijul temperaturilor joase pentru calculul energiei de activare a conduc-
tibilitatii electrice

AE
(ev)

1

03

02 " o—e /./
'\.“__.

! 1. ! 1 1 P
v 0 ] 20 30 Ay 50 mol % $b,0
100 P 80 70 60 50 mol % V0,

Fig 6

Adaosul de Sb,0, are in general o influentd micd asupra energiei de activare.
Se constatd un minim al lui AE pentru 20% molare Sb,O;. Acest minim este situat
la aceeasi compozifie la care se constati maximul de absorbfie a oxigenului (fig. 4),
deci maximul de mnestoechiometrie in raport cu oxigenul. La acest maxim avem
probabil si un maxim al confinutului de ioni V¢*+ care joacd rolul de donori. Este
cunoscut faptul ci la cresterea cantititii de impuritdti (domomt sau acceptori)
energia de activare a conductibilitdfn electrice se micgoreazd

Concluzii. Din studiul spectrelor IR, s-a tras concluzia cd intre componenji
existd o interactiune chimici, demonstratd de disparijfia maximului de la 810 cm—?
cu toate ci atit V,O; cit §i Sb,O; absorb in jur de 800 cm—?!

Studiul termogravimetric a pus in evidenfd o nestoeciometrie in ceea ce
priveste oxigenul, si anume un deficit de oxigen. Acest deficit de oxigen se
manifesti probabil prin existenta ionilor de V4 care constituie impuritdti donoare

Energia de activare a conductibilitiii electrice este pufin influenjatd de ada-
usul de Sb,0, la V,0,. Se poate totus: constata un minim al energiei de activare
pentru concentratia de 209, molare, Sb,O; acolo unde se pune in evidenid
maximul de absorbtie al oxigenului pe cale termogravimetricd.

(Intrat fn redactte la 4 1ulie 1969 )
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HEKOTOPBIE CTPYKTYPHBIE U 2JIEKTPUUECKHWE HJAHHBIE O CUCTEME
V,05—5b,04

(PeawmMme)

Crnexrpet 8 MK ofsacTH BHSABMJH, YTO CYLIECTBYeT XHMHYECKOE B3aHMOJEHCTBHE MeXJIy KOMIIOHeH-
TaMH.

TepmorpaBuMeTpHUecKHA aHaJH3 NMOKa3pIBaeT, UTO CHCTEMA HMeeT HECTEXHOMETPHIO 110 OTHOUIEHHIO
K KHCJODOLY, C MakcHMyMoM npH 20 MOJSIDHBIX NpOLEHTOB Sb,0,.

IlpubaBxa Sb,0; OKa3LIBAET HE3HAUHTEJALHOE BANSHHE HA SHEPrHi0 AKTHBALMH 3JEKTPONpPOBOL-
HOCTH, BCE XKe aBTODhHl CMOIVIH BBISIBHTE MHHHMYM INIpH 20 MOJSIPHBIX TIPOLEHTOB Sb,O,

SOME STRUCTURAL AND ELECTRICAL DATA CONCERNING
V,0,—Sb,0, SYSTEM

(Summary)

The IR spectra revealed the existence of a chemical interaction between the components

From the thermogravimetric analysis there follows that the system presents a nonstoichiometry
in comparison with oxygen, with a maximum at 20 molar per cent of Sb,0,

An addition of Sb,0, does not sensibly influence the activation energy of the electrical conductivity,
however a mumimum at 20 molar per cent of Sb,0, can be evidenced



ACTIUNEA CIMPULUI ULTRASONIC ASUPRA POTENTIALULUI DE
ELECTROD AL CUPRULUI IN APA BIDISTILATA

de
ST. VADEANU, I. PETROVAN si V. MIHAILESCU

Este cunoscut faptul ci migcarea relativd a unui electrod fata de solutie produce
variatia potentialului de electrod, variatie ce se mentioneazd ca potenfial de mus-
care sau potential motoelectric

Potentialul de migcare a fost studiat de mulfi cercetiitori, printre care Acad
St. Procopiu [1] st colaboratorii sdi [2], [3], stabilindu-se ci depinde de mulf1
factori: metalul electrodului, natura si concentrafia solutiei, temperaturd, timpul
de 1mersiune al electrozilor in solufie, ete.

Intr-o lucrare anterioari [4], studiindu-se actiunea cimpulut ultrasonic asupra
potentialului de electrod al metalelor in solutii acide, s-a constatat cé, cimpul ultra-
sonic, analog agitdrii mecanice, produce o variafie a potentialului de electrod, care
pentru cupru este negativd, iar pentru fier si zinc este pozitivi. Unele deosebin
menjionate s-au atribuit actiunilor de oxidare si de intensificare a dizolvarii meta-
lelor in solujii acide de catre cimpul ultrasonic in prezenfa cavitajiei

Actiunea de oxidare a cimpului ultrasonic fund mai evidentd in apd si mar
1ntensd cu cresterea intensitdtii cimpului ultrasonic, in prezenta lucrare ne-am pro-
pus si studiem acjiunea cimpului ultrasonic asupra potenfialului de electrod al
cuprului in api bidistilatd, in functie de timpul de acfiune al cimpului ultrasonic,
intensitatea cimpulu1 ultrasonic st timpul de imersie al electrozilor. Pentru studiu
s-a ales cuprul, deoarece potenpralul de electrod al cuprului in apd, dupia o ord
de imersinne, variazi foarte pufin cu timpul [5]

Procedeul experimental. Se constituie o pila galvanici in care unul din elec-
trozi este un element de mercur cu solugie KCI 0,1 n, iar al doilea electrod este
electrodul de studiat.

Vasul cu electrodul de studiat, plasat in cimpul ultrasonic, are perefii dubli
pentru a permite termostatarea Acest vas este legat printr-un sifon cu un alt vas
in care se afli tot api bidistilatd si care la rindul siu este legat, printr-un sifon
umplut cu gel agar-agar, cu un vas cu solufie saturati de KCl, vas prin care se
face legitura cu electrodul de calomel.

Vanatia potentialului de electrod sub acfiunea cimpului ultrasonic s-a mésurat
cu un milivoltmetru electronic MV 11 care permite mésurarea potenfialului cu o
precizie de 1 10-3 volti.

Generatorul ultrasonic folosit, este un generator piezoelectric Tesla 250, avind
frecvenja de 1 MHz.
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Midsurarea puterii acustice in celuld s-a ficut cu metoda calornimetricd [6]
pentru primele patru trepte de intensitate am obtinut 0,57 w/cm?, 0,92 w/cm?
1,27 wjem?, respectiv 1,91 w/cm2

Degt potentialul de migcare depinde de temperaturd [2] si electrodul de studiat
se Incdlzeste in cimpul ultrasonic cu 1°C la 3,6°C, in funciie de intensitate, n-am
fdcut corecf1r de temperaturd, variatia potentialului de miscare al cuprului nede-
pisind 1—2 mV pentru vanafule de temperaturi provocate de cimpul ultrasonic
Temperatura de Iucru a fost de 25°C.

S-au folosit electrozi filiformi cu diametrul de 0,6 1la 0,8 mm st trecuf1 printr-un
tub de sticld umplut cu parafini, in scopul de a pidstra constanti lungimea care
vine in contact cu apa de cca 10 mm. Curdtirea suprafeter electrozilor s-a ficut
cu hirtie abrazivd de granulatie 400, dupi care s-a sters cu hirtie de filtru

Rezultatele experimentale. Variatia potenfialulut de electrod in cimpul ultra-
sonic s-a mésurat prima dati dupi o ord de la Introducerea electrodulut in api,
cind potentialul piler galvanice a devemt aproape stationar Misuritorile s-au
repetat dupd 4 ore de imersiune a
AE electrozilor s1 dupa 20 ore de 1mersiune
ma L Pe graficele din fig 1—38 sint

Treapla 1v-a trecute variatule potenfialului de elqc—

42% ) trod provocate de cimpul ultrasonic,
{ in functie de tumpul de actiune al cim-

wor Treqpls i1-a / pului ultrasonic, mtensitatea cimpului
o0r (M"”ﬁ ultrasonic s1 timpul de imersiune al

‘ electrozilor in apd
Pe graficele din fig. 1 sint re-
prezentate cu linu intrerupte curbele

80 de restabilire a potentralului de elec-
. trod, dupd Incetarea actiunu cimpului
0
ultrasonic
60 Din rezultatele experimentale se
constatd .
U e 1. La tumpul de imersiune a elec-

trodulut de o ord, cimpul ultrasonic
produce o variatie brusci a potenfia-
lului de electrod cu o valoare intre
20—30 mV pentru toate treptele de
intensitate, valoare ce corespunde ca
sens si mirime cu potentialul de mug-
or cate [1], [2], [3]. La continuarea
L actiunu cimpulur ultrasonic urmeazid
Q 0 2 N 408 0 60 W & Difwm o pertoadi de oscilare a variafiei
potentialului de electrod, dupd care

Fig 1 Vanatia potentialului de electrod a cuprului, vanatia creste cu atit mai accen-

provocati de cimpul ultrasonic, la timpul de imetsiune « % est . int :
de o ord, in functie de timpul de actiune 1 de inten- tuata CU.A Cit este imai mare In en51:
sitatea cimpulw ultiasonic tatea cimpului ultrasonmic  Dupd

incetarea actiumi cimpului ultrasonic,

potentialul electrodului nu revine la valoarea inifiald, varafia permanentd de-
pinzind de intensitatea cimpului ultrasomic

2. La timpu de imersiune de 4 ore g1 20 ore, variafia potentialului de elec-

trod este bruscd si1 la continuarea actiuni cimpului ultrasonic suferd schimbari
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putin pronuntate. Dupd incetarea acfiumii cimpului ultrasonic, potenfialul de
electrod revine la valoarea initiald sau la o valoare apropiatd. Cu cresterea inten-
sitdfii cimpului ultrasonic, varatia potentialului scade.

3. Comparind variatia potentialului de electrod provocatd de cimpul ultraso-
nic cu potenialul de migcare [2], se constatd existenfa unor deosebir1 esentiale. =
Valoarea variafiei potenfialului de electrod provocatd de cimpul ultrasonmic este
comparabild cu potentialul de migcare numai la timpul de imersiune de o ord si
in primele minute ale acfiunii cim-
pului ultrasonic

Interpretarea rezultatelor expe~
rimentale. Dupid ipoteza Acad $t
Procopiu (1], in vecindtatea elec-
trozilor metalelor electronegative,
concentratia iomilor de hidrogen
este mai mare decit in interiorul
solutier Ca urmare a agitdrn elec-
trodului sau a solufiei stratul di-

fuz cu exces de ioni de hidrogen se 0k
desprinde, producindu-se o micso-
rare a potentialului pozitiv al 2

electrodului, deci un potential de 40L
miscare negativ O altd cauzd care
poate si producd o variatie in sens

[ L -1 1 1 i ——
negativ a potentialului de electrod 0 1 20 0 40 50 60 tlmnd
este dizolvarea metalelor

T1g 2 Vanatia potentialulmi de electrod a cupruluy,
La timpul de imersiune de o provocatikde cimpul ultrasonic, la timpul de 1mer:1une
ord, clmpul ultrasomec distrugind de 4 ore, in functie ‘g'mgﬁgfl | Qe achune 5t de mtensi-
gradienfit de concentrafie la inter-

fata metal-apd [7], in primele mi-~
nute ale acfrunii cimpului ultra- AE
somic se produce o variafie a poten- (V)] «
{ialului pozitiv al cuprului, care in
marime §i sens este comparabild o

cu potentialul de miscare. W

Clmpul ultrasonic in prezenta
cavitatiei provocind degazarea apei,
oxidarea suprafefer electrodului,
eroziunea suprafetii electrodului gi
intensificarea dizolvarii electrodu-
lwr (8,9] — actiuni ce produc va-
nafii de sens opus asupra potentia- 2
lulur de electrod —, duce la fluc-
tuatia variatier potenjialului de for -
electrod ILa continuarea acfiumi L . . L
cimpulu1 ultrasomc, datoritd pre- 0 20 % 40 50 60 {(mn)
domindru actiunii de eroziune a

i Poal : _ Fi1g 3 Variatia potentralulu: de electrod a cuprulus,
Sgprafetel el.eCtr(?,dulul St de 1nten. provocati de cimpul ultrasomc, la timpul de imersiune
sticare a d'lz'olvaru lui — a.ctlunl de 20 ore, in functie de tunpul de actiune §i de intensr-
ce se intensificd cu cregterea inten- tatea cimpulu1 ultrasonic.

&5‘{?88
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sitdtii cimpului ultrasonic —, variatia potentialului electrodului creste cu atit
mai mult cu cit este mai mare intensitatea cimpului ultrasonic.

La timpii de imersiune de 4 ore si 20 ore, pe suprafata electrozilor s-a format
un strat de oxid de cupru. Cimpul ultrasonic in prezenfa cavitafiei erodind acest
strat de oxid, provoacd aparitia unei variatii mai pronunfate a potentialulu1 de
electrod, variatie ce depinde de gradul de erodare a suprafetei electrodului. Cind
stratul de oxid are o grosime mai mare, erodarea suprafefei electrodului este mai
micd $1 tot astfel este s1 variatia potentialului de electrod.

Concluzii. 1. Cimpul ultrasonic In prezenta cavitatiei produce o variatie a
potentialului electrodului de cupru in apa bidistilatd, care in mérime si sens, este
comparabild cu potenfialul de miscare, numai In primele minute ale acfiunii cim-
pului ultrasonic si la timpul de imersiune de o ora.

2 Variatia potentialulu1 de electrod suferd schimbdri dacd actiunea cimpului
ultrasonic se menfine. Aceste schimbdéri sint mult mai accentuate la timpul de imer-
siune de o ord §1 mai putin pronunjate la timp: de imersiune mai mari.

3 Varatia potenfialujui de electrod este functie de intensitatea cimpulu
ultrasonic La timpul de imersiune de o ord variatia potentialului creste cu inten-
sitatea cimpului ultrasonic, 1ar la vechimi mai mar scade.

(Intrat in redacfie la 28 iume 1969)
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JEVICTBHE YJIbTPA3BYKOBOI'O IIOJISI HA 3JEKTPOOHBIA NMOTEHIMAJ MEOY B
BUAMCTHU/IJIMPOBAHHOM BOJE

(Pesome)

ABTOpb‘I H3Yy4YaJH 3KCIIEPHMEHTAJIBHO HIlelicTBHe YJLTPA3BYKOBOI'O IOJSI Ha QJIEKTPOIIHBII:I TIOTeHIHAaJ
MeJH B GH,L[HCTHJIJIHPOBaHHOﬁ BOMie, B 3@aBHCHMOCTH OT BDPEMEHH JNeHCTBHS YJBTPA3BYKOBOI'O MOJIA, CHJIH
YABTPA3BYKOBOroO MoJist H BPEMEHH MMMEDCHH 2JIEKTPOJOB B BOJe.

chnepﬂmemanbmﬂe pe3ynbTaThl MOKA3bIBAIOT, YTO H3MEHEHHE 3JIEKTDOAHOrO IOTEeHIHaJla — B OTHO-
LIeHHH 3HAKA H B_?JIH‘{HHI:I, — BRI3BAHHOE YJbTPa3BYKOBBLIM NOJEM, CPABHUMO C NOTEHIHAJAOM JABHIKEHHS,
NOJYYEHHBIM NIYTE€M MEXaHHYECKOI'O0 MEUIaHHsl 3JeKTpPOJa JIHIIb B IlepBble MHHYTHI JeHCTBHS YJBTpPA3BY-
KOBOro I1oJiss IpH BPEMEHH HMMEDCHH DAaBHOM uacy Pasnuuus uaMeHeHUS 3JIEKTPOAHOrC TnoOTeHnuana,
BEI3BAHHOTO AeHCTBHEM YJIbTPA3BYKOBOrO IOJIsI, IO OTHOIIEHHIO K NIOTEHIHAJNy ABHXKEHHS, HHTEPIPETHPYIO-
TCs! YCHJIEHHEM Mpolecca pacTBODEHHS H 3DO3HH NOBEPXHOCTH 3JIEKTPOJA, & TaKikKe JleficTBHeM OKHCJIe-
HHs 3JIEKTPOJAA YJIbTPA3BYKOBHM IOJIEM B NPHCYTCTBHH KaBHTAIHH.
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ULTRASONIC FIELD ACTION ON COPPER ELECTRODE POTENTIAL IN
BIDISTILLATE WATER

(Summary)

An experimental study was made in the present paper of the ultrasonic field action on copper
electrode potential in bidistillate water, depending on action time of the ultrasonic field, ultrasonic
field intensity and immersion time of electrodes in water.

The experimental results show that the electrode potential variation, in sign and magnitude, pro-
duced by the ultrasonic field, 1s comparable to the motion potential obtained through mechanical
agitation of the electrode, only in the first mmutes of the ultrasonic field action and at an hour’s
immersion time The differences 1n electrode potential vanation produced by the ultrasonic field action,
relative to the motion potential, are interpreted through intensifying the process of dissolving and ero-

ding the electrode surface and through oxidating the electrode by ultrasonic field in the presence of
cavitation

4 — Physica 1/1970






DER METAMAGNETISMUS DER INTERMETALLISCHEN
VERBINDUNG CoGd,

von

IULIU POP, EMIL BURZO und V. I. TCHETCHERNIKOV

Das Vorhandensein der intermetallischen Verbindung CoGd, mit oktorh ombi-
scher Struktur wurde von Novy und Mitarbeitern [1], in Verbindung mit dem
Studium des Gleichgewichtsdiagrammes des Systems Co-Gd nachgewiesen. Die
Werte der Netzparameter die in der TLateratur vorhanden sind, sttmmeén nicht uber-
emm, Sawi1zki und Mitarbeiter [2] geben fur die Verbindung CoGd,; die Para-
meter a =5,17A, 6 =6,72 A und ¢ = 5,94 A an. Neuerdings erhielt D. Gi-
gnoux [3] sehr verschiedene Werte dieser Netzparameter und zwar a = 7,03 A,
b=594 A und ¢ =630 A, der Zuverlassigkeitsfaktor ist 69,, wenn man die
experimentellen Messungen mit den theoretischen Berechnungen vergleicht

Die magnetischen Messungen wurden mit Hilfe einer mechanisch kompensterten
faradayschen Suszeptibilitatswaage durchgefuhrt, die eine Suszeptibilitat von
10-7 cm3/g hat. Die Masse der Proben wurde mit einer ,,Sartorius”’-Mikrowaage
bestimmt und die Temperatur mittels eines Thermoelementes aus Kupfer-Kons-
tantan zwischen 90—294°K und im Bereiche zwischen 294 —-670°K mit einem
Thermoelement aus Platin — Platin-Rhodium gemessen. Ausser den statischen
Messungen im Temperaturbereich zwischen 125—296°K, wurde auch die paramag-
netische Resonanzabsorption der Verbindung CoGd,, mit Hilfe eines JES-—379 X
Spektrometers an pulverformigen Proben studiert Die Verbindung wurde vorerst
50 Stunden lang bei 900°K unter Vakuum emner thermischen Behandlung, zwecks
Homogenisierung, unterworfen Die Mikrostruktur der Proben wurde mit Hilfe
eines metallographischen Mikroskopes untersucht, wobei leichte Spuren von Gado-
linium auf der Grundlage der intermetallischen Verbindung nachgewiesen wurden.
Die Untersuchungen der Probe mit X-Strahlen bestatigen die von D Gignoux
[3] erhaltenen Ergebnisse und ausserdem wurden zusatzliche ILinien von sehr
schwacher Intensitat nachgewiesen, die von dem Uberfluss an Gadolinium herrithren

Die Kurven die die Temperaturabhangigkeit der Magnetisationsintensitat in
magnetischen Feldern zwischen 0,64—11,6 kGs aus Abbildung 1 darstellen, deuten
ein metamagnetisches Verhalten der Verbindung CoGd; an Es geht deutlich her-
vor, dass das der Néel-Temperatur entsprechende Maximum der Magnetisations-
intensitat sich sowohl bei schwachen, als auch bei verhaltnismassig starken mag-
netischen Feldern bemerkbar macht Ausserdem, wie aus Abbildung 2, in der
die Abhangigkeit der Néel-Temperatur vom angewandten magnetischen Feld dar-
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gestellt ist, hervorgeht, verschiebt
ste sich linear gegen die tieferen
Temperaturen unter gleichzeitigem
Anwachsen des magnetischen Fel-
des Durch Extrapolierung der
Geraden bei magnetischen Feldern
die gleich Null sind, erhalt man
fur die untersuchie Verbindung eine
Néel-Temperatur T, = 145°K.

Die lineare Abhangigkeit der
Néel-Temperatur vom angewandten
magnetischen Feld gibt Aufschlusse
uber den Mechanismus der magne-
tischen ordonnierung, eine charak-
teristische Eigenschaft des Austau-
sches mit Hilfe der Xonduktibili-
tatselektronen und in vollstandigem
Einklang mit den theoretischen
Schlussfolgerungenvon X Yosida
und H. Miwa [4].

Das metamagnetische Verhal-
ten der Verbindung wird auch
mit Hilfe der Isothermen der
Magnetisationsintensitat hervorge-
hoben, welche in Abbildung 3 dar-
gestellt sind Aus der Abbildung
ist ersichtlich, dass die Magneti-
sationsabhangigkeit vom ange-
wandten Magnetfeld anfangs linear
verlauft, bis ein kritischer Wert
des Magnetfeldes (H) als Funktion
der Temperatur erreicht wird, bei
dem die Magnetisationsintensitat
plotzlich anwachst um dann der
Sattigung zuzustreben Daraus geht
hervor, dass beim kritischen Feld
H dieantiferromagnetische Ordnung
zerstort und der ferromagnetische
Zustand induziert wird Dieses Er-
gebmisstehtim Einklang mit den von
Gignoux [3] erhaltenen Daten

Unsere Arbeitsbedingungen er-
laubten nicht die absolute Satti-
gung zu erreichen, um Bestimmun-
gen des magnetischen Momentes
im Ordonationsbereich zu unter-
nehmen. Die von Gignoux [3] er-
haltenen Daten haben ein absolu-
tes magnetisches Sattigungsmo-
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ment von o, = 22 + 0,5 pB pro Einheitsformel CoGdg hervor, woraus er schliesst,
dass das magnetische Moment emnes XKobaltatoms sehr Kklein oder gar Null
st (in Ubereinstimmung mit dem magnetischen Verhalten anderer gleich-
artiger Verbindungen seltener Erden CoR,;). Nimmt man nun auch den Beitrag

des Kobalts in Betracht,
der selbstverstandlich klein
ist gegenuber dem des Gado-
liniums, erhalt man als
Wert des Sattigungsmo-
mentes ¢, = 22,7uB In-
folgedessen lasst sich nicht
mit Bestimmtheit behaup-
ten, ob in diesem Fall das
Kobalt, auf Grund etner
Veranderung der elektroni-
schen Konfiguration, mag-
netisch neutral ist, so wie
aus Arbeit [5] fur ande-
re intermetallische Verbin-
dungen des Kobalts mit
Gadolinium hervorgeht
Die antiferromagne-
tisch-paramagnetische  U-
bergangstemperatur 1st
auch durch die Daten der
elektronischen  Spinreso-
nanz klar begrenzt, so wie
aus Abbildung 4 ersicht-
lich wird, wo die Tempera-
turabhangigkeit der Breite
der Absorptionslinie darge-
stellt 1st Es wird festge-
stellt, dass bei der Uber-
gangstemperatur Ordnung-
Unordnung. die Breite der
Absorptionslinie mit dem
Verschwinden der antiferro-
magnetischen Wechselwir-
kung, plotzlich abnimmt.

Die Temperaturabhan-
gigkeit des g-Faktors in
Abbildung 5 dargestellt,
zeigt einen Abfall mit dem
Anwachsen der Temperatur,
eine Erscheinung die mit
der durchschnittlichen Pola-
risierung der Spins der
Leitungselektronen, in ent-

Cur
(eump)
2ot

AH
Gs
2060

s

o

v

500

+__“_“0_____'.a_
100 200 W T
Abb 4



54 I POP, E BURZO, V I TCHETCHERNIKOV
gegengesetzter Richtung zu jenen, die lokalisiert sind (4f) [6], in Beziehung
gebracht werden kann.

Die Temperaturabhangigkeit der reziproken magnetischen Suszeptibilitat ist

laut dem Curie-Weiss’schen Gesetz fur den Langevin’schen Paramagnetismus, der
durch die “lokalisierten magnetischen Momente hervorgerufen wird, im paramagne-

26r
22
260

18y

{00 200 100

Abdb §

tischen Bereich, bel Temperaturen uber 250°K, linear. Die magnetische Suszep-
tibilitat hat unterhalb dieser Temperatur und bis zum Néel-Punkt ein anormales
Betragen, indem sie nicht dem Curie-Weiss’schen Gesetz folgt, so wie aus Abbil-
dung 6 ersichtlich ist. Durch Extrapolierung des geraden Teiles, bis zu seiner Kreu-
zung mit der Achse, auf der die Temperaturen aufgetragen sind, erhalt man eine
paramagnetische Curie-Temperatur O, == 160°K, die infolge der Tatsache, dass
sie positiv ist, noch einen zusatzlichen Beweis fur das metamagnetische Betragen
der Verbindung CoGd, liefert

Die Abweichung der magnetischen Suszeptibilitat, zwischen 250°K und Ty,
vom Curie-Weiss’schen Gesetz, kann einer Erscheinung von magnetischer Ordo-
nierung fur kurze Abstande zugeschrieben werden, eine Erscheinung die von Bécle
[7] fur die intermetallischen Verbindungen AIR durch Neutronenbeugung gefun-
den wurde.

Aus der spezifischen Curiekonstante C = 4,80:10-2 wurde der Wert des effek-
tiven magnetischen Momentes P = 7,16p; berechnet, der dem aus der Gleichung

‘(% - 7,98 4 % . 3,22) v 7,093u.; sehr nahe ist, eine Tatsache die die normale

Beteiligung der Kobzaltatome in der Verbindung CoGd,, mit einem effektiven Moment
von 3,2up fur ein Kobaltatom, darstellt.

{Eingegangen am 4 Oktober 1969)
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Noos® por

METAMAGNETISMUL COMPUSULUI INTERMETALIC CoGd,
(Rezumat)

In cadrul lucrini se studiazi proprietitile magnetice ale compusului mntermetalic CoGd,; acesta

prezentind un caracter metamagnetic.
Temperatura Néel Ty variazd lmiar cu cimpul magnetic aplicat H, extrapolarea la H = 0, per-

mite determmarea Ty = 145°K
In domeniul paramagnetic, 1nversul susceptibilititii magnetice urmeazi legea lm1 Curie-Weiss, tem-

peratura Curie fund T, = 160°K
Misuritorile EPR sint concordante cu contributiile unor interacfiuni de schimb negative, rezultind

din amestecul intre benzi

METAMATHETHU3M MHTEPMETAJIVTMUECKOIO COEAMHEHUS CoGd,
(PeswomMme)

B paGore HayyaioTcsi MarHHTHHE CBOHCTBa HHTepMeTanauyeckoro coeinHenus CoGd,, HMeroLiero

MeTaMarHHTHEI XapaxTep.
Temnepatypa Heensa Ty u3MersieTcs JHHEHHO C NPHJIOKEHHBIM MarHHTHHIM nojem H. Okcrpamons-

musa npu H = 0 nosposnsier onpenenenne Ty = 145 K.
B napamarsHuTHOH oGiacTH BeJHUMHA OGDATHOH MATHUTHOH BOCIPHHMUHBOCTH HOJUHHSETCS 3aKOHY

Kropu-Beitcca, Temneparypa Kiopn T, = 160 K.
WamMepenust DIIP corsiacyiorcst ¢ BKIaJOM HEKOTOPHX OTPHIATEJLHHIX OGMEHHHIX B3aHMOREHCTBHI,
KOTOpHIE MOJIYYalOTCs H3 CMECH IIoJIoC.



ETUDE DES THERMISTORS DANS LA SERIE DE COMBINAISONS
Tin—2Cf202n—1

par
OLIVIA POP

1’étude du systéme oxydique semiconducteur Cr,O;—TiO, [1] a mis en évidence
certaines propriétés particuliéres des composants de la série Ti, 5 Cr;0z,—;. Clest
ains1 qu’a 'opposé des autres composés, les combinaisons 2Ti0, :Cr,0;, 4Ti0,Cr,0,,
5Ti0,Cr,0,, 6Ti0,Cr,0,, 7Ti0,Cr,0, se caractérisent par une variation linéaire du
logarithme de la résistivité en fonction de l'inverse de la température (fig. 1) et
manifestent une bonne reproductivité des valeurs de la résistivité dans tout l'inter-
valle de température étudié (293—1200°K). Dans la figure 2 sont présentés les
résultats des mesures concernant le composé 2TiO,-Cr,0,; pour plusieurs cycles
de chauffage-refroidissement. Par suite du traitement de syntérisation, ces maté-
riaux céramiques présentent, de plus, des qualités mécaniques spéciales.

A Taide des droites semi-logarithmiques on a calculé I'énergie d’activation
AE, ce qui a permis de déterminer la valeur de la constante du matériel B

[
24
6‘uL:.5
5dogel,
4ok g 1< 27i0; Crys
2-~4Ti0 Cra0s
3 5Ti0Cr0
4 6T 060
3 5 770 0ry0,
Qaio
fae
| —1 1
1 2 3 X

Fig 1.
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(B=5800 AE°K) [2] La valeur B étant connue, on a pu déterminer la valeur du
coefficient de température «, suivant la relation

do
dt

1
%y = —
e

Nt

log ¢ Qem

2N0z-Cry03

K] F] 3 #—"k"
Fig 2

Les valeurs obtenues pour les constantes B et «, sont comparables, voire méme
stipérieures aux valeurs des matériaux couramment employés pour la fabrication
des thermistors. Dans le tableau 1 sont présentées les valeurs de ces constantes pour
les composants mentionnés ci-dessus, ainsi que pour deux autres matériaux men-
tionnés par la littérature [3].

Tableaw 1

Matériel T°K op B°K
N10OMn,0O, 298 4,4 4193
N10OMn,0,Co,0, 298 3,8 3374
2T10,Cr,0, 293 5,12 4.393
4T10,Cry,04 293 4,86 4176
5T10,Cr,0, 293 4,68 4 025
6T10,Cr,04 293 4,58 3 972
7T10,Cr, 04 293 4,39 3770

Pour les combinaisons ci-dessus on a tracé les caractéristiques voltampériques
statiques dans l'intervalle de température compris entre 25 et 500°C, présentées
dans les figures 3 4 7.
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I’examen de ces graphiques démontre que — en cas de courants faibles — le
thermistor ne s’échauffe pas, portion sur laguelle la loi Ohm garde sa valabilité.
En poursuivant l'augmentation du courant, le pouvoir dissipé s’intensifie parce

que la température du thermistor dépasse la température du milieu ambiant, d’oit
une baisse de la résistance. Pour une certaine valeur du courant I,, la tension atteint

TTe0y~Cry0y

. \
MERRN

] g
{ \ \
j \ 0% - 6
.l.\'\‘ })ﬁ\
{ ~
I \‘\zm . ~ oove
f \‘ s
/,//V ——me o b00G s

% :10 oo 200 20 ImA
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Fig 7

une valeur de pointe U,, En augmentant encore le courant, la tension commence
3 baisser, la résistance différentielle du thermistor dU/dI devient négative, portion
sur laquelle se manifeste 'effet de relais du thermistor.

Comme il résulte des figures antérieurement présentées, le maximum de la carac-
téristique voltampérique de tous les composés étudiés diminue et, avec la hausse
de la température, se déplace vers les valeurs hautes du courant. Jusqu’a 500°C,
c’est-a-dire dans le domaine de nos mesurages, l'effet de non-linéarité thermique
de la thermorésistance reste encore présent. La puissance maxima admise de 4,1 W
est obtenue pour la température de 500°C. Dans le régime actif de fonctionnement
du thermistor, la température de celui-ci 7 dépasse la température environnante
T,, pouvant atteindre des valeurs tellement élevées qu’elles peuvent provoquer
la destruction thermique du thermistor. On a calculé la température T du thermis-
tor [4], & 'aide de la relation

TTsz+M'Pdtsstp

olt le coefficient angulaire M caractérise la condition d’échange thermique
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La valeur du coefficient M a été déterminée en partant de la relation

log Ry — log R, T

R, R,
log }Tw - PI dustp'log ——ao

M =
'P2d

issip

ot R, et R, sont les résistances du thermistor correspondant aux puissances dissi-
pées P, et P,, pour une caractéristique volt-ampérique donnée, et R, représente
la valeur de la résistance du thermistor pour 1/7 = 0

On a calculé la valeur de la résistance R, suivant I'expression

T,In R — T,In R;
T, — T,

InR, =

olt R] et R; sont les valeurs de la résistance correspondant aux températures 7, et
T, déterminées en partant de la dépendance R = f(T)

Pour le composé 2T10,Cr,0,, les valeurs de R, varient entre 7,9 — 1,2-10-1Q
ainsi qu’il résulte du tableau 2.

Tablean 2
T, °C T, °C R, Q R,Q Ry Q R mQ
25 100 5,5-105 7-104 7,9
100 200 7 104 5,8-108 0,542 2,19
200 300 5,8-108 1,1-108 0,126
300 400 1,1.108 3,3.102 0,199

Les autres paramétres du thermistor groupées dans le tableau 3 ont été calcu-
1és comme il suit-
a) pouvoir dissipé, Passpy = U,I, pour chacun des points situéssur la caracté-

ristique voltampérique,

% Uka
b) le coefficient de dissipation H = =L »W/°C
Z Ir— Ty
k=1
c) la sensibilité énergétique G = 10;{ mW |9,

%p

d) la constante de temps du thermostor a été déterminée a partir de la durée
pendant laquelle la température du thermistor a diminué de e fois, au moyen de la
relation :

¢
T

(T - Tm) = (TO - Tm)e

On a obtenu ainsi une valeur © = 74,6 s
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Tableau 3
2T10,Cr,0,4
Uy Ina  |Pasap W R meciw | Tpoc | Ir=Tn+ gmwiec| emwiy
SStp Q " + Mdessxp (-3
220 0,9 0,2 2,500-105 7 25 26
300 1,75 0,525 1,173.105 6 25 28
330 3,8 0,924 8,680-10% 4 25 29
300 20 6 1,500.104 2 25 37 500 98
250 40 10 6,250.108 2 25 45 500 98
150 82 11,2 1,830-103 4 25 85
100 112 12,5 8,900-102 11 25 147
80 2,3 0,18 3,48-10% 5 100 101
110 3,5 0,38 3,14.104 6 100 102
150 6 0,9 2,50.10% 25 100 122
140 20 2,8 7,00.108 25 100 170 40 6,8
110 38 3,8 2,60-10° 28 100 206 29
70 64 4,5 1,10.10% 73 100 415
40 2,5 0,1 1,60 104 12 200 201
80 8 0,64 1,00 10¢ 12 200 208
70 22 1,54 3,20 103 43 200 266 23,4 3,1
50 35 1,75 1,60 108 105 200 383 10,25
30 59 1,8 6,50.102 107 200 396
20 36 0,52 8,90.102 10 300 305
40 68 2,72 5,80-102 12 300 330
50 104 5,2 4,80-102 6 300 331 39 6,8
30 195 5,8 2,53-102 30 300 474 35
10 38,5 0,38 2,36 102 11 400 404
20 105 2,1 1,90 102 14 400 429
25 180 4,5 1,38-102 26 400 509 41,3 7,6
20 215 4,3 98,00 26 400 516 37
5 53 0,27 91 13 500 503
10 120 1,2 93 14 500 517
14 200 2,8 70 15 500 542 67,5 13
16 255 4,1 63 12 500 549

Quant au comportement électrique des quatre composés 4Ti0,Cr,0;,, 5T10,Cr,0,,
'6T1i0,Cr,0,, 7T10,Cr,0, les résultats obtenus sont analogues, ainsi que le démontrent
les fig. 4 & 7 présentées plus haut.

ILa caractéristique de viellissement du thermistor 2TiO,Cr,0, régulierement
observée deux années de suite & une température de 25 de et 100 °C, met en évidence
une constance satisfaisante de la résistance des composés étudiés. Cette constance
est démontrée dans la figure 8.

Le processus de vietllissement du thermistor a été réalisé aussi bien de maniére
artificielle par un trattement thermique initial de7 jours, 4 une température de 1000 °C,
que par voie naturelle au cours de la conservation de celui-c1 pendant deux années.
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Les thermorésistances étudiées ci-dessus présentent un effet de relais jusqu'a
une température de 200°C, pouvant étre utilisées en tant que thermomeétres & résis-
tance jusqu’a une température approximative de 900°C.

L’avantage des ther-

Rn & mistors réside dans leur sta-
bilité chimique et leurinsen-
s sibilité & I'égard des impu-
retés. Ils ne réclament pas

e e, . 25°C de mesures de précaution
spéciales dans leur fabrica-

«©° tion et utilisation. Ils sont
~ , d'une construction robuste
T - 100°C du point de vue mécanique

et la techmnologie de leur

fabrication est fort simple.

=3
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STUDIUL TERMISTORILOR DIN SERIA DE COMBINATII Ti, ,Cr,Om,_;

(Rezumat)

In lucrare se prezinti caractensticile termistorilor dm serta T1,_,Cr,O,,_; Astfel se dau valorile
constanielor B 1 «p precum si caracteristicile volt-amperice in intervalul 25--500°C. Din caracte-
nisticile volt-amperice s-au calculat parametrn termustortlor puterea disipati, coeficientul de disi-
patie, sensibilitatea energetici s1 comstanta de timp

Caracteristica de imbitrimire a termustorilor urmiritd timp de do1 ani, indici o buni stabilitatea
in timp a acestora

HCCJIEAOBAHHME TEPMUCTOPOB CEPHUH COEIUHEHHH Ti,_,.Cr,0u, 1

(Peswome)

B pa6ore u3noxeHH XapaKTePHCTHKH TePMUCTOPOB cepuH T1,_,Cr,0O,,. , JlaioTcsa 3nayeHHs nocTo-
sIHHBIX B H ap, a TakKe BOJBTaMIEpHBIE XapaKTEPHCTHKH B MpoMexyTke 25—500°C U3 BoJbTaMmepHuIX
XaPaKTePHCTHK BBHIYHCJIEHH MapaMerphl TEPMHCTOPOB® DaccesHHAs MOIHOCThb, Ko3gdHIHeHT paccesHusd,
SHEPreTHYeCKasi YYBCTBHTEJLHOCTb H IIOCTOSIHHASI BPEMEHH

XapaKTepHCTHKA CTapeHHSI TEPMHCTOPOB, 338 KOTODPOil ABTOD CJIEAHJ B TeUeHHE LBYX JeT, YKA3HBaer
Ha XOpOWYIO YCTOHYHBOCTb TEDMHCTOPOB BO BPEMEHH



ON THE KINETIC EQUATION FOR THE TEST-PARTICLE PROPAGATOR

by
P. 1. TATARU

1. Introduetion. Let be a single particle of charge q and mass m at given point

in phase space X, = (;0, v,) at tume #,. Its position at later time becomes uncertain
because of its interaction with the other particles in the plasma In order to achieve
a description, obvioulsy statistical, of this "’test” particle, one uses a conditional
probability density W(X, ¢, X, £,).

As shown first by (Rostoker, 1961) for stable plasma and subsequently
by (Rogister and Oberman, 1968) for weakly unstable plasmas, W satis-
fies a kinetic-type equation called ’’test-particle equation”

Recently, (Hinton and Oberman, 1968) have investigated the solution
of the Register-Oberman’s test-particle equation for short times, e(f, —¢) < 1
on the kinetic time scale. They have been able to derive an asymptotic expansion
for the solution of the test-particle equation which retains the essential nonanaly-
tic dependence on ¢ (See also Dupree, 1966, and Price, 1967).

The purpose of this paper is to study systematically the kinetic equation for
the test-particle propagator.

In Section 2 we use the test particle formalism to reobtain the kinetic equation
for the test-particle propagator. In Section 3, by using a recent result of (Manhei-
merand Dupree, 1968) we write the test particle equation as a diffusion equa-
tion and we set out the conditions of existence and uniqueness of the solution. We
obtain the previous results of Hinton and Oberman. A brief discussion is
given in Section 4.

2 Test-particle formalism and the kinetic-equation for the test-particle pro~
pagator. In this Section we shall apply the test-particle theorem to reobtain the
kinetic equation for test-particle propagator. The physical interpretation of this
theorem 1s as follows: The motion of a classical or of a quantum-mechanical sys-
tem of identical particles, interacting via two-body forces, may be computed exac-
tly from the knowledge of the motion of the same system in an arbitrary external
field with the interaction turned off.

This formalism was studied most intensively by (Dyson, 1949; Feyman,
1948; 1951; J. Schwinger, 1951), originally in the field theoretic contexts.
Another version of the above statement is provieded by the classical analogue
of Schwinger’'s equation in field theory. Stated in its most easily understood form,
the theorem asserts that the knowledge of theresponse of the one-particle distri-

5 — Physica 1/1970
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bution function to an arbitrary external force sufficies to determine its motion
completely.

After these considerations we turn to the derivation of the test particle equa-
ation. Let us consider a spatially homogeneous weak turbulent plasma. One parti-
cle is singled out and intially has the arbitrary distribution function Q(X,) The
lowest order omne-body function for the singled out particle is

WX, §) = { QX0)3(X — X)(0)eX, 21
where
S(X — X)) = 8(% — %o — v8) (v — vy) (2 2)

Using the classical version of the Schwinger equation (Scalletar, 1966}
we obtain the test-particle kinetic-equation* (See Appendix)

W paw_ 139 f+Ti)W 2 3)
ot a;’ m 67 a;’

for t1mes which are longer than a plasma oscillations period, but still short on the
kinetic time scale. Here f is the drag force due to polarization of the plasma by the
test particle and T is the fluctuation tensor related to the autocorrelation tensor
R(X, ¢t ?)

R(X, t, t') = <3E(x, t) E (x, ') > (2.4)

3. Reduction of the Fokker-Planck equation (2.3) to a diffusion equation
This Section is concerned with the reduction of the Fokker-Planck equation of the
previous Section to a diffusion equation. We also present the conditions of existence
and uniqueness of the solution After (Manheimer and Duppree, 1968) this reduction
can be made if the orbit differs little from the unperturbed orbits, ic. the trans-

formation from Z -1?, tox + V-t + A;, v -+ Av is a contact transformation (the Jaco-
bian of the transformation is equal to omne).

Let us rewrite the Fokker-Planck equation for the test-particle propagator as
follows :

WA e JuB= e LG S
ox v dv { v

where the diffusion tensor is related to the symmetric part of T

e D, () =— (T, + T,) (32)

1

m

and the parameter e characterizes the smallness of the fluctuations.
The drag term is

M@=5P—%ﬂ (3.3)

where the parameter B is small
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The above mentioned condition for the reduction of the Fokker-Planck equa-
tion to the diffusion equation is realized if we choose the perturbed orbits as follows:

— - - - 1
x 75 %y -+ vy — BA(vy) P <2 (8.4}
v o vy — BA(vg)T
where
T=1—1
We introduce the new variables:
1
e’ z= ;o + 297 — BA(v,) %Tz
1
e n=1vy,— BA(vg)r (3 5)
E
U/ : - b
and a new probability density
U, n 1) = SEW(x, v, £, %o Vo t=1) (3 6)

With the new vanables (£, w,) and expanding 4 and D in Taylor series about
v = v, the equation (3 1) becomes

~

U 1 . (a FRAYE 0
1D SO | SR I 7 S T 37y
o 2 ¥ (v0) (an, ° aa,](any ° a&y) + B
or
i19) 1 I U
—=—D .. 37
F 2 17 (UO) aE_.,aEy + ( )

which is just a diffusion-type equation.

The above results have been previously obtained by (Hinton and Oberman)
under the following ad-hoc assumption - the scaling in equation (3 1) has been cho~
sen so that the diffusion term balance the time derivative, that term 1s not trea-
ted as a perturbation.

Now we focus our attention on the conditions of existence and uniqueness of
the solution of the equation (3.7). The following theorem concerning the existence
of a solution for E, (3.7) car be found e,g, in (Friedman, 1964).

TrarorEM If the following assumptions are made concerning the coefficients
D,;(vy) :

a) (vo) s symmetric and positive definte,

b) (vo) satisfy anm wumform Holder condition,

¢) D,,(vy) satresfy an uniform ellipticity condition

a2EGJ2<D1JGsGJ < aﬁEGJz

Dt]
'D‘;J
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for some
O<o <oz <<

there exists a solution for the equation (3.7) with the boundery conditions
U — 3 — =0)3(n — o)
and 1t has the followwng properties
() UE 7)) >0

) (U@ 7 %) UE, 7 o)dn=UEE +o

(1) U, m, o) 1s continous m o, &, aud 7

(t111) theve are positwe constants M and o such that

U<M(J?ajexp {iug— n||2}.

Further, U is umque.

Now we return to the condition (b). In the above mentioned paper of Manhei-
mer and Dupree a method of calculating D(v) to any order, for a weak turbulent,
homogeneous plasma, is presented

They start from the assumption that he stochastic acceleration is produced
by electric fields of the form

Bz ) =2 2= 3 E®R exp b (k% — ot + )] (38)
e 2 & )

where @ is the random phase of the 2 — 2 wave and o = w(k). In the follo-

wing we assume the problem to be one dimensional. To find the diffusion constant,

a stochastic acceleration is defined by a Newton-type equation:

dv
S, =T (39)
where F(f) is determined from eq (3 8). The diffusion constant is written as:
+w
D = %S < Flr + HF(t)d~ (3.10)

— @

where the brockets << > denote an ensemble average over realisations of a turbu-
lent plasma, and F(f) = F[x(), ¢].
In order to find F(¢) the orbit perturbation approximation is used. One writes :

F() =§ B,(k, v, t) etp [1(kv — ()] +

4+ 2 Balk, K, v, t) exp ik + £ — (0 + &)} 4 ... + (8 11)

kK, D

+ S By .o, kv, t)exp{[(... [(By +.. .+ k) v—(0p+. .-+ )]} 4. ..

bRy,
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where the term containing B, will have contributions from F,, F,y;, . .The con-
trnbution from F, to B, will be denoted

An(kl) v kw '1)) E (kl) o E(kn) exp [i(cpl + ...+ (P)]

Thus, according to equation (3 11) and using the fact that wave phases are random
the dominant contribution to D, is given by

Dy =" 20 Ak o kO [ (RE - B () - 27 81k +
ol R — (04 .. o] (3.12)

With this expression the Holder inequation 1s obvious.

In every case D,, is also symmetric. Thus, in the weak turbulence approxima-
tion, the conditions of the theorem are satisfied.

4 Conclusions. Is has been shown that the Fokker-Planck equation for the
test-particle propagator can be reduced to a diffusion type equation and the conds-
tions of existence and uniqueness of the solutions have been tested in the orbit per-
turbation theory.

APPENDIX

Here we present the deduction of the kinetic equation for the test-particle
propagator. Let be a spatially homogeneous weak turbulent plasma. One particle
is singled out and initially has the arbitrary distribution function Q(X,). The lowest
order one-body function for the simpled out particle is

) ={ QX)) 3(X — X,(0) 3%, (A1)

We can also introduce the test particle propagator W(X, ¢, X,, ¢,) with
the initial condition :

WX, t; Xt~ 8(X — X, 8

The Iiouwville operator is chosen as

(v — o) (A.2)

- N—»—-» —-»

V — - — ——)
L= Zm’ xJ—i—EZij,xk D—>__D-+ )+ Bx, 1) +EM v,
7=1 1=1 1=1 =1
(A.3)
where D—> and D—v denote the differentiation operators with respect to the position

;;, and momentum #,, of the j-th particle F,(x, y) is the force on the j-th particle.

B and M are the external forces
Using the first equation in the B.B G.K'Y chain the classical version of the
Schwinger equation is:

1 aWI—*,—’,""iS_‘Y
5—}—v:+ (B—F ;dedv[(MJrF)a;,]SM (A 4)

ox m 00
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After some calc lations in the r.h.s. of this equation we obtain a Fokker-Planck-
type equation for the test particle propagator:

CREE- by k= (&9

(Recaved Scptember 22, 1969)
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ECUATIA CINETICA PENTRU PROPAGATORUIL, PARTICULEI TEST
(Rezumat)
Folosind teorema particuler test se deduce o ecuafie cmeticid pentru propagatorul particuler test

Aceasti ecuatie Fokker-Plank este redusi la o ecuatie de tipul celer de difuzie 51 sint studiate condi-
fule de existentd gi umecitate a solujier

KUHETHUYECKOE YPABHEHHE [JIS1 PACIIPOCTPAHUTEJS TNPOBHOM YACTULIBI
(Pesmownme)
Hcnonbsys TeopeMy NMPOGHOR YaCTHIH, aBTOP BLIBOLUT KHHETHYECKOE YpaBHEHHMe IS PacnpocT-

pPaHHuTeNs NPOOHOH yacTHIM IT0 ypaBHeHHe Pokkep-Ilnanka cBOAHTCA K THIY AH((GY3HOHHOTO YpABHEHHSH
H H3YYaloTCcs YC/IOBHSI CYNIECTBOBAHHA H €JUHHYHOCTH pellleHHS.



CIRCUITE DE MODULATIE CU VARISTORI DE OXID DE ZINC

de
FRANCISC PUSKAS

Varistorul de oxid de zinc este un dispozitiv semiconductor a cérui rezistend
variazi foarte mult In functie de tensiunea ce se aplicd la bornele ei. Cum rezultd
din cercetirile anterioare [1—4] valoarea acestei rezistenfe semiconductoare neli-
niare poate fi caracterizatd prin relafia.

R = R, exp — (0|/U) (1)

in aceasti relate R, este rezistenja inifiald a varistorului, U tensiunea aplicatd
la bornele veristorulus, 1ar b constanta de nelinearitate. In cazul varistorului de oxid
de zinc valoarea lui b se afli intre 0,8 si 1 Relatia (1) ne aratd cd la varistorul de
oxid de zinc rezistenfa variazi foarte pronuntat in functie de tensiune, acest fapt
ne indica postbilitatea unor aplicatii practice mai interesante. In lucrarea de fatd
s-a studiat metode practice de realizare a mo-
dulatiei cu ajutorul varistorilor de oxid de zinc L c

In fig. 1 este reprezentati schema de
principiu a unui circuit modulator cu rezis-
tentd mnelineara R %_

Tensiunea oscilajiei purtdtoare si fie: §
e, = E, sin wf, iar a celei de modulatie
E, = ¢, sin Qf. Presupunem ci in cazul va-
nistorulur de oxid de zinc caracteristica vol-

tamperici — dacd tensiunea modulati nu e Fig 1
prea mare — poate fi exprimatd prin relatia :
i =TI, + aU + U2 @)

In acest caz curentul care apare pe rezistenfa de sarcini R, poate fi scris sub
forma :

¢=IO+P§—+%§-+@, sin Qf 4+
—|—OLEzsincot——BTEf-COSZQt—-Ef—BCOSZQt—F

+ (BE,E; cos (o — Q)f + BE,E, cos (w + Q)¢ 8)
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Din ecuatia (3) rezultd ci pe lingd frecventele & — Q si @ 4~ Q apar si armonicele
superioare (2w st 2Q) Practic s-au studiat modulatorul in contrafazi (fig 2) s1 modu-
latorul in inel (fig 3)

In cazul modulatorului in contrafazi efectuind calculele [5] se obfine la bornele
de iegire o tensiune de urmitoarea formi :

¢ =4 s Qt 4+ Blcos (0 — Q)¢ + cos (w + Q)¢] (4)

oA,

11
H
(o]

it
W
(9]

€ les.

Astfel tensiunea de iesire a modulatorulu1 va contine numai componenta cu frec-
v enfa de modulajie §i componentele de frecventd laterali.

Calculind tensiunea de iesire a modulatorului in inel, pentru cazul cind mon-
tajul din fig. 3 este bine echilibrat, objinem la bornele de 1esire o tensiune de forma

¢ = C[cos (0 — Q)f 4 cos (0 + Q)] (5)

de unde rezultd cd tensiunea de iesire a modulatorului in 1nel contine numat compo-
nentele de frecventd laterald
Oscilograma din fig 4 reprezintd oscilatiile modulate obtinute cu modulatorul
in contrafazi, iar oscilograma din fig 5 s-a ob}inut in cazul modulatorului in inel.
S-a putut obtine un grad de modulatie pini la 409, in cazul modulatorului in contra-
fazi, 1ar pind la 809, la modulatorul in 1nel, cind puterea de iesire a oscilafiei modula-
te era in jur de 1 watt Dacid méirim gradul de modulatie peste aceste valoti pentru
varistori de oxid de zinc nu mai este va-
lab1ld caracteristica voltamperici datdi de
relatia (2) si astfel spectrul tensiunii mo-
dulate devine mult mai complicat decit
acela care rezultd din relafiile (4) st (5) Cei
patru varistori din montajul modulatorulu
inelar nu sint identici, din aceastd cauzd nu
s-a putut echilibra bine acest circuit, cum
rezultd din oscilograma acestui modulator
(fig 5), oscilatiile modulate apar asimetrice
(Intrat in redacfie la 2 octombrie 1969)

Fig 4
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MOIVYJISIIMOHHBIE IIENKW C BAPUCTOPAMH OKHMCH JMHKA
(Pesome)

B npegmaymux paGorax [}, 6] Haywancs papucTOpHHI adeXT OKHCH IHHKa B nacrose# paore
H3YYAIOTCA ABA MOLYJSUHOHHBIX MOHTa}Xa (IBYXTaKTHHIH MOLYJSTOD H KOJBIEOGPA3HBI MOAYJATOD),
B KOTODHX HEHHEHHHM 3JIEMEHTOM SIBJfeTcs] BADHCTOP OKHCH LHHKA OCHH/JIOrPaMMBL MOAY/IHDOBAHHEX
KoJMeGaHHH MOKa3HBAalOT, YTO JO ONpeleNeHHOH CTENeHH MOAYJAHHHK BOJATAMIEDHYIO XapaKTEPHCTHKY
3THX BaPHCTOPOB MOXHO ONHCATh (YHKLHeR BTOpOH cTemeHd B sTom cayuae cnexTp MOAYJNHPOBaHHEIX
KOJIeGaHU NPOCTOM, He NOSBJISIOTCS BLICUIHEe 'aPMOHHKH OT ONpeflesEHHON cTeneHH MoayasuuH (40% u
809,), XapaKTepHCTHKA BADHCTOPOB MOXKeT OWTh ONHCAHA SKCIOHEHNMANLHOR GyHKmMeRr. D10T ¢akT
NPHBORAT K 60Jiee CJNOXKHOMY CHEKTPY, B KOTODOM MOSIBJSIOTCS M BHICUIHE TaPMOHHKH.

MODULATION CIRCUITS WITH ZINC OXIDE VARISTORS

(Summary)

The varistoric effect of zinc oxtde was studied 1n the previous papers In the present paper two
modulation circuits are studied (push-pull and ring modulators) mn which the nonlinear element 1s the
zine oxide varistor. From the oscillograms of the modulated oscillations 1t 1s to be noticed that, to a
certain modulation degree, at these varistors, the volt-ampere characteristic can be described with a
quadratic function. In this case, the spectrum of the modulated oscillations is simple, without higher
harmonics. From a certain modulation degree (409 and 80%,) the varnstor characteristic can be descri-
bed by an expomential function, this fact leading us to a more complicated spectrum in which there
also appear higher harmonics






PROTON MAGNETIC RESONANCE STUDY ON PARTLY DEUTERATED
WATER SOLUTIONS OF AI(III) AT LOW TEMPERATURES

by
A. FARKAS and F. KOCH

A variety of NMR methods have been applied to study the behaviour of elec-
trolytes 1n water and in aqueous solvent mixtures.

The most direct method developed by A. Fratiello and coworkers [1, 2]
for the determination of cation coordination number and exchange kinetic studies
utilizes PMR signals at low temperatures.

An electrolyte solution gives only one average proton resonance signal at room
temperature, at ~ —40°C the proton exchange between the specimens of water
is slowed to such an extent, that separate proton resonance signals are observed
for bulk and complexed water molecules. The phenomenon is illustrated in fig. 1,
by the spectrum of an 2.066 M AlCl, 1n water. The signals are widely separated and
they are resonably sharp. As a result, accurate coordination numbers can be measu-
red quite rapidly by integration of peak areas. The spectrum demonstrates, that
Al 10n in aqueous solution exerts a marked effect on the properties of surrounding

Bn,o
2,066 MAICL, 11 H,0 ‘M,o — Al{H,0)**
T--47° B,, ~bulk waler
- 2
6o e ' cf“f,(T,zon)
8- ,(7)

prolon exchange raole ¢ k= ?T(A -4,)

4 - une width 1in presence

4, 11 absence of p exchonge

Fig 1
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water molecules, the six water molecules nearest the Al ion form a tight complex.
The rate constant of slow proton exchange reaction is found from % = 125 (A — Ay),

where A, is the complexed water line width in absence, and A in presence of exchan-
ge Ayis determined by sample cooling t1ll the width does not decrease any more

The purpose of our paper is to show the presence of deutertum in water solution
modifies the PMR spectrum and the cation coordination number

A-complexed w
B-bulk w

Fi1g 2

The proton resonance spectra for 1/27 mole water solutions in light water
and 44 959%,, 80 0%, deuterium concentrations were obtained with a 60 NMR spec-
trometer equipped with a variable temperature device In presence of deuterium the
proton signals are sharper and the separation better (fig. 2) showing that the proton
relaxation and exchange processes are slowed The chemical shifts between the two
water specimens increase significantly with deuteritum concentration

The coordination number of Al 1s found to be six by Fratiello The ratio of peak
areas in deuterated samples gives values sistematically about six, that 1s 6.1 — 6 4
(table I), those exceed the errors of measurements If we assume that only six water
molecules can be near the Al cation at low temperatures, so that the dominant complex
is the hexahydrate of Al, the coordination number differences represent an isotope
disproportion in the two water specimens After establishment of 1sotope equili-
brium the distribution of protons among the two sites is not quite statistical The
proton enrichment in complexed water is characterized by a separation factor «,
defined as the ratio of relative proton concentrations of the two water specimens.
« can be evaluated from coordination number differences, it 1s found to be 103 —
— 106 4- 0.02. The errors of measurements do not permit the study of « 1 function
of deuterium concentration and temperature,
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Table T
Salt conc Deutertum Temp Cation o tsotope
(moles/1) % °C coord no sep factor P )
_\dl4
2 066 — —47 60401 *~7p
2 066 44 92 —46 62401 1044002 (— )
1999 800 —445 64101 1064002 DB

—

o — from crystallization of salt hydrates BeSO, > CuCl, > KAI(SO,) == Al,(SO,); 103—104 3—309,
[3]
o« — from PMR spectrum of 2M AICL;—002 M HCl at —383°C 0934009 (7]

The isotope fractionation can be expected in our cooled solutions approaching
the crystalline structure. Generally in all cases, as it is shown experimentally [3]
the crystallization causes the enrichment of deuterium in bulk water, the separa-
t1on factor values depend on the nature of cation but are independent from deute-
nium  concentration and anion

The chemical shift difference § between the complexed protons and those in
bulk water increases linearly with deuterium concentration, at 80 09, D the diffe-
rence 1s 26 cps (fig. 3). That appears to be enormous on scale of isotope chemical
shifts.

Isotope chemical shifts have been known to exist in the high resolution NMR
of isotopically substituted molecules for some time With few exceptions, the effect
of substituting a heavy isotope for a light one is to increase the magnetic shielding
of a nearby nucleus. A fraction of isotope shift must have its origin in a change of
the average dynamic state of the molecule upon 1sotopic substitution. One approach
is to consider 1t as being due to an intramolecular electrostatic effect [4] It is possi-
ble that the ionic complex is shifted in opposed direction in presence of deuterium
[5]. In all cases the 1sotope chemuical shifts are strongly solvent dependent. The
unusual shift differences are very likely do to electrostatic intermolecular effects
arising from H bonding differences of H and D. They must result from domination
of intermolecular solvent-solute isotope ef-
fects over those of the modified dynamic J(eps) [60Mc]
state of 1solated molecule 2600 .\

In general the water signals are quite
broad 1n pure aqueous solutions For exam-
ple the linewidths of complexed and bulk
water signals for 2M AICl; solutions at 270}
809, D are approximatively 55 and 33 cps. +
This is due to factors as high solution vis-
cosity, the presence of some proton ex-
change and in the case of the complexed  260r
water signal, ion pairing or possible spin-
spin or quadrupol interaction with the
cation. As reported in [2] the influence of
these factors was significantly minimized 250 ' L
by the addition of acetone to the solution. 40 80% mol 0
Since acetone decreases solution struc- Fig 3.




78 A FARKAS, F KOCH

ture by breaking hydrogen bonds, the bulk water proton signal was displaced to
a higher field, producing a larger separation of the two signals The linewidths are
about 21 and 16 cps respectively for the signals corresponding to complexed and
bulk water molecules in a 12 M Al(NOj); 1:1 water to acetone mixture (fig 4)
Acetone does not compete with water in solvation, no signal of complexed acetone
could be observed.

H 8
1 2 MAL (NO,), A complexed w al) #,0 sot
T~-50%C b) 80% mo
8.bulk w
t water 1acelone
¢ . acelone

W d=f(rec

HC)

Fi1g 4

The diamagnetic ions studied by Fratiello, as Al, Ga, In and Mg, produce
only one complexed water signal, exception is the BeCl, for which an unsymmetri-
cal pattern is observed In our spectra for pure aqueous Al solutions is observed,
that the complexed water signal, where the broadness is significant, 1s slightly unsym-
metrical, which 1s more observable in the acetone mixture (fig. 4 a). By using
better amplification and resolution conditions and the effect of deuterium on the
PMR spectra discussed in first part, that is reduction of linewidths, we obtained
a resolved peak upfield shifted at 66 cps (fig. 4 b).

An explanation of this pattern might involve the anisotropy in the spacial dis-
tribution of the proton pairs which is possible when there is a small coordination
number and one pair 1n complex most strongly interact only with a few of its neigh-
bours, as known 1n NMR fine-structure spectra of crystallohydrates [6]. The pre-
sence of deuterium likely increases the degree of anysotropy.

As seen from table II. the better separation of the two water specimens 1s pro-
duced by the displacement of bulk water signal to the higher field The acetone-
complex separation 8(4 — C) is practically independent of temperature variation,
that is all H bonds of complex with the solvent are broken The increase of deute-
rium concentration does not modify significantly this value within the limits of
errors The temperature dependence on bulk water signal 3(4 — B) ansing from
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Table IT

Salt conc Solvent mole Deuterium Temp 3(4—B) 3(B—C) 3(4-~-C)
(moles/1) ratios % °C cps cps cps
0635 1 water 1 acetone —40 315 186 501
—50 303 204 507
0635 11 298 —40 318 186 504
—50 306 204 510
12 11 805 —~40 312 186 498
151 23 1 753 —485 296 201 497

the H bonding structure variation does not show an isotope chemical shift. Our
conclusion 1s that, in cooled Al aqueous solutions the enormous isotope chemical
shifts are due to intermolecular, that is the solute-solvent effects.

(Recerved October 6, 1969}

REFERENCES

E Schuster, A. Fratiello, J. Chem. Phys, 47, 1554 (1967)

Fratiello, R E. Lee, M Nishida, R §E Schuster, 1d, 48, 3705 (1968)
M Barrer, A F Denny, J Chem Soc, 4677 (1964)

R Holmes, D Kivelson, W Drinkard, J Chem Phys, 37, 151 (1962)
A Bernheim, H Batiz-Hernandez 1d, 45, 2261 (1966)

Holcomb, B Pedersen, 1d, 38, 54 (1963)

0dd-Wing Fong, E Grunwald, J Am Chem Soc, 91, 2413 (1969)

NG TR W
CYR—=A>RH

STUDIUIL, SOLUTIILOR DE APA PARTIAL DEUTERATX LA AlIII) LA TEMPERATURI
JOASE

(Rezumat)

Separarea semnalelor de rezonanti magnetici protonici a apei pure de cea solvatd in solutir de
AlICl, este mai buni daci apa este parfial deuteratd Se arati ci primul strat de solvatare al catio-
nului este mar bogat in protoni decit la apa purd

Prezenta deutertnlui 51 a acetonei in solutu apoase de Al(NO,); este folositi pentru a se pune im
evidenti o linte asimetrici la semnalul apei solvatate S-a gisit ci deplasarea chimici mare intre semna-
lele de ap3 isi are omnginea In efectele intermoleculare.

WCCJIENOBAHHUE PACTBOPOB YACTHUYHO NEYTEPMPOBAHHOH BOOBI ¥ AIll) IIPH
HH3KHX TEMIEPATYPAX

(PesomMe)

Pasjesnenye CHrajoB MPOTOHHOTO MAarHHTHOrO De30HAaHCa CBOGOJHON BOJAH OT COJNBBATHPOBAHHOK
B pactopax AlCl, sydiue, ecH BOJA YaCTHYHO JeyTepHpoBaHa [loxaskBaercs, 4TO MHAPAaTHAA 000J0YKa
KaTHoHa Gorade NPOTOHAMH, YyeM CBOGOJHAs BOJA.

TpucyTcrde JeHTepust M auneroHa B BOAHHX pacTBopax AI(NOg); HCHOAL30BAHO HJIS BLISIBJIEHHS
aCHMMETPHYECKON JHHHH Y CHTHAJIA COJbBATHPOBAHHONR BOMLI. ABTODH YCTAaHOBHJIH, 4TO GOJBUIOE XHMHYE-
CKOe CMellleHHE MEXJY BOJHHMH CHIHaJIAMH MDOHCXOJHT H3 MEXMOJeEKyJNsapHuX 3dhdexTos.






DESPRE VITEZA DE PROPAGARE A ULTRASUNETELOR IN SOLUTIILE
APOASE ALE UNOR HALOGENURI (I1).
Clorurile metalelor alcaline

de
D. AUSLANDER si LIA ONITIU

In continuarea cercet#rii Intreprinse cu privire la un studiu sistematic al depen-
dentei vitezei ultrasunetelor de temperaturd, concentratie si de alte mirimi, in lu-
crarea de fati se prezinti rezultatele obfinute in cazul solutiilor apoase ale cloruri-
lor de litin, sodiu si potasiu

Procedeul experimental. Determinirile s-au efectuat prin metoda de difractie
[1] utilizind drept o sursi de lumini o lampi de sodiu tip BGM-NAE 24, cu aju-
torul unui generator de ultrasunete de 2 MHz,
previazut cu stabilizator de frecventd o @ 'F
frecventmetru tranzistorizat. 1900

Caracteristicile instalatiei sint urméitoarele:
v =2MHz 4+ 2 kHz

A= 5893 A

F=145, 5 cm

Misurarea distanfelor dintre liniile figurii
de difracfie s-a ficut cu un micrometru ocular
cu precizia 210—% mm 700
A fost explorat domeniul de temperatun
cuprins fntre 15°C si 50°C, din 5 in 5 grade, 1ar

- 1 A 4 A
cel al concentratitlor, de la — molar, pind in
5

01

8/

1600
&1

&M
3M

2

1600 1H

4H
M

apropierea concentratier de saturatie. Astfel,
pentru LiCl s-au studiat 9 concentraii, la NaCl
6 concentrafii iar la KC15 concentratii, inclusiv,
in fiecare caz, domeniul corespunzitor de tempe- 1700
raturi al apei distilate

Fiecare valoare a vitezei a rezultat din
media unui numir de 25—60 determindri.

2 Rezultate experimentale. Dependenta vitezei e 0 w0 w @ rr
e temperaturd este r a in fig. i
P e redatd in fig. 1, 2 51 3 Fi1g 1 Vanatia vitezei cu temperatura

pen.t ra .SOlutiﬂ.e apoase ale clorurilor de litiu, la diferite concentratir ale solutulor de
sodiu §i potasiu LaClL

PN

6 — Physica 1/1970
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Prima curbd, cea mai apropiati de axa temperaturilor corespunde in toate
cazurile apei distilate, celelalte, concentratiilor diferite in ordine crescinda, pe
misura Indepdrtirii curbelor de abscisd.

Variatia vitezei cu temperatura are loc de-a lungul unor parabole, in toate cazu-
rile studiate ; se constatd deplasarea valorii maxime a vitezei corespunzind la apa
distilatd temperaturii de 74°C, spre valori mai mici ale temperaturu, o datd cu cres-
terea concentrafiei electrolitului. Se observi de asemenea tendinja de micsorare a

vin
2
T T g
/700 1700
5
//v/\’ 3n
n
n
1600 1600
" w
!
$n z"
4 g
Hy0 1o
7 550
(774
S © 20 30 0 ot g o 2 w0 0 50
Fi1g 2 Vanatia vitezel cu temperatura la Fig 38 Variatia vitezel cu temperatura la dife-
diferite concentratii ale solutulor de NaCl nite concentratn ale solutiilor de KCl.

gradientului vitezei cu temperatura pe misura cresterii concentrafiei, in mod mai
pronuntat la clorurile de litiu $1 sodiu §i mai pufin accentuat la clorura de potasiu.

Cresterea concentratieifare drept urmare o variafie aproximativ linear3 a vitezet,
exceptind solufia de LiCl, la care in domeniul cuprins intre 4 mol si 5 mol se produce
o modificare a pantei dreptelor, reprezentate in fig 4. Se vede cd micsorarea pan-
telor din intervalul de concentratii mentfionat se deplaseazi cu cregterea tempera-
turii in sensul concentratiilor mai mari [9].

Variatia vitezei cu concentratia solufiilor de NaCl si XCl, dupd cum se constata
din fig 516, are loc de-a lungul unor drepte dispuse de asemenea n ordinea cregter
temperaturii.

Dreptele corespunzitoare diferitelor temperaturi prezinti o convergenfd in
sensul cresterii concentratulor, bine evidentiatd in cazul solugiilor de LiCl si NaCl
si mai pufin accentuatd de KCIL
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Comparind la temperaturi constante dependentiele vitezei de concentratie la

. . o . . Av o, s as s
cele trei soluti, se observd cregterea gradientului. A—v in sensul méririi greutdii
c

moleculare a substaniei, dupd cum se vede din fig 7, corespunzind temperaturii
de 30°C.

Astfel pentru LiCl s-a gisit valoarea: 49 m/s-mol pentru NaCl: 53 m/s. mol.
si pentru KCl. 58 m/s.mol
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Fi1g 4 Variatia vitezei cu concentratia solutulor de TaCl
la diferite temperatur:

Interpretarea rezultatelor. Anomalia cunoscutd a apei privind variafia vitezei
cu temperatura dupd o parabold cu virful situat la 74°C a constituit obiectul nume-
roaselor cercetdri in vederea unei interpretdri corespunzitoare [2].

Agitatia termicd actioneazi in doud sensurt opuse, prin ruperea puntilor de
hidrogen, respectiv prin dilatare. Rezultanta acestor doua efecte, in misura predo-
minirii unuia sau celuilalt, explicd variatia anormali a vitezei de propagare a ultra-
sunetelor cu temperatura

Rezultatele privind dependenfa vitezei ultrasunetului in apid cu temperatura
au condus la stabilirea formulei empirice a lui Willard :

Uy = Vg, — 0,0245 (., — 1)?

In cazul solutiilor apoase ale clorurilor de litiu, sodiu si potasiu, formula de mat
sus nu se mai verificd [4].
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Intr-adevir, dupd cum s-a vidzut, vitezele maxime crescind cu concentratiile,
suferd totodati deplasiri fnspre valor: mai mici ale temperaturilor

Solvirea sirurilor in apd acfioneazd asupra vitezer atit prin cregterea densitétii,
cit s1 prin distrugerea legdturilor de hidrogen, in sensul mériri ei. Astfel, maximele
vitezel se situeazad la temperaturi cu atit mai mici cu cit concentratia este mar mare,
ruperea unut numér mare de legdtur1 de hidrogen necesitind cantitd{i mai mamn de
sare In aceste conditii, desigur ci formula empiricd a lui Willard nu mai poate fi

satisficitoare, dupid cum rezultd si din rezultatele noastre

Dacé se reprezintd grafic functia. (—2:;—2, in loc de a obtine o constantd - W =
= 0,0245 (constanta lu1 Willard) independentd de temperaturs, se observd pentru
toate solutule s1 concentratule cercetate o variafie a acestei mdrimi cu temperatura,

dupd curba din fig 8

Abaterea de la formula lu1 Willard scade pe méisura cresterit valorii lui A¢ st
tinde spre o mirime constanté, care insi se pare cd rdmine supertoard valorii ,, W”.

Viteza ultrasunetulu:r in cele trei solufu, la aceeast temperaturd, pentru con-
centratii procentuale identice, variaza in sens invers cu greutdfile moleculare, cres-
cind o dati cu gradul de hidratare a ionilor respectivi Avind in vedere cid forfele
intermoleculare au un rol determinant, asupra méririi vitezei, prin intermediul dis-
tantelor dintre molecule, valoarea e1 va depinde 1 de dipolmomentul moleculelor
(51, (6], [7), [8].

Coneluzii. 1 Viteza ultrasunetului in solutiile apoase ale clorurilor metalelor
alcaline variazi cu temperatura §t1 concentratia.

2. Cresterea concentrafiel are drept urmare deplasarea maximulwm vitezei in-
spre temperaturi mai mict

3. Variafia vitezel cu temperatura nu se poate descrie printr-o funciie de tip
Willard.

(Intrat in redactie la 6 1ulie 1969
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O CKOPOCTH PACIIPOCTPAHEHUS VYJIbTPA3BYKOB B BOIHBIX PACTBOPAX
HEKOTOPBIX TAJIOMIOOB (II).
Xaopudel wieaounoLx Memasros

(Pesome)

Pa6ora sanuMaeTcsl H3MepeHHSMH CKODOCTH MeTOLoM AH(GpaKUHH B BOLHBIX DACTBOpaX XJOPH-
IOB 1IEJOYHBIX METaJJIOB

ABTODEl YCTAHABJIHBAIOT 3aBHCHMOCTE CKOPOCTH OT TEMIEPATyphl H KOHUEHTPAUHH H KOHCTATHPYIOT,
uto dopMysia Bussnapia He COOTBETCTBYET 3THM SJIEKTDOJIHTAM.

OOBsicHsIeTCA M3MEHErMe CKODOCTH ¢ KOHIEHTpAIHel, a TaKXKe CMelleHHe MAKCHMYMOB MOCPEJCTBOM
ReficTBHS COJeH Ha BOLOPOJHbIE CBA3H H H3MEHEHHEM HEKOTOPEIX MOJIEKYJ/ISIPHBIX BeJIHUMH, KAK IIJTOTHOCTD,
CHJIA CUENVIEHHS, AHMOJBMOMEHT H Jp.

SUR LA VITESSE DE PROPAGATION DES ULTRASONS DANS LES SOLUTIONS
AQUEUSES DE CERTAINS HALOGENES (II) Chlorures des métaux alcalins

(Résumé)

Le travail présente des mesurages de vitesse dans les solutions aqueuses des chlorures des métaux
alcalins

On établht la dépendance de la vitesse de la température et de la concentration et I'on constate
en méme temps que la formule de Willard ne correspond pas a ces électrolytes

On explique la varnation de la vitesse en fonction de la concentration, amst que le déplacement
des maxima par l'action des sels sur les liaisons d’hydrogéne aussi bien que par la modification de cer-
taines grandeurs moléculaires, telles que densité, force de cohésion, dipol-moments et d’autres



SUR L/INSTABILITE MAGNETOHYDRODYNAMIQUE D'UN PLASMA QUI
POSSEDE UNE PRESSION ANISOTROPE* (I)
L’équation de dispersion

par

MIRCEA VASIU

1. Introduction. Dans le mémoire présent nous voulons déduire I'équation
de disperston d’'un modéle de plasma infini, homogéne, compressible, non visqueux,
doué d’une conductivité élecirique finie et d’une pression amnsotrope. Nous supposons
que la fréquence Larmor v; est plus grande que la fréquence de collision v, entre
les particules du plasma. Il existe une différence entre l'interaction des particules
le long de la direction du champ magnétique et linteraction des particules le
long d’une direction perpendiculaire au champ magnétique. Dans ce cas la pression

«r
s’exprime par un temseur p, qui a la matrice suivante

p, 0 0
ol = (O ), 0 (1)
0 0 b,

oit p; est la pression le long de la direction du champ magnétique, p; est la
pression le long d’une direction perpendiculaire au champ magnétique. Le plasma
se trouve sous l'action d'un trés fort champ magnétique et sous l'action de son
propre champ gravifique.

Pour simplifier le probléme nous négligerons le courant de déplacement élec-
trique, le procés de conductivité thermique, le procés de transfert de radiation
et aussi le mouvement de rotation du plasma. Nous choisirons comme systéeme
de référence le systéme de coordonnées cartésiennes Oxyz. On suppose que dans

I’état d’équilibre le plasma posséde une vitesse nulle (;0 = 0) et & lintérieur du

- —
plasma le champ magnétique a une seule composante axiale-uniforme: B, = Be,,
olt ¢, est le verseur de 1'axe Oz.

Nous utilisons les résultats obtenus par Chew, Goldberger, Low [1],
Jaggi [2]), Trehan [8] et Tandon, Talwar [4]. Nous établirons ainsi

* Communication faite A la session scientifique de l1a Faculté de physique de I'Umversité de Cluj
(26 ~27 mai 1969).
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une équation de dispersion plus générale que I'équation de dispersion obtenue
par Tandon et Talwar {4] pour un modéle de plasma infini, homogeéne, compressi-
ble, autogravifique, doué d'une conductivité élecirique wnfime et d’une pression ani-
sotrope et animé d’'un mouvement de rotation

Les méthodes employées par nous pour établir I’équation de dispersion est
la méthode développée par Chew, Goldberger, Low [1] et la méthode bien connue
dans la littérature de spécialité sous le nom de méthode des ,,oscillations normales”
(méthode des ,,petites perturbations”).

2. Equations fondamentales pour le plasma. Tenant compte des suppositions

faites plus haut les équations magnétohydrodynamiques pour le modéle de plasma
étudié s’écrivent sous la forme suivante.

p[%+(5'-V)5’}=—v$+p-vV+(V><§)><§ ()
de o) =

%4V (p1) =0 ©

6—5 —yx{® x B) +v,AB )

v-B=0 (5)

AV = —4nGo (6)

oft v est le vecteur vitesse d’'un élément de plasma, p est la densité du plasma,
>
p est le tenseur de pression du plasma, V est le potentiel gravifique du plasma,

5
B est le vecteur induction magnétique i lintérieur du plasma, v,, = 1/op est le
coefficient de viscosité magnétique, o est le coefficient de conductivité électrique
du plasma G est la constante gravitationnelle, y est I'opérateur nabla, A est I'opé-
rateur de Laplace

Les variations de type adiabatique pour les grandeurs p; et p; sont données
par les équations [1]

H2
i(h):(), i(ﬂ):() (7)
at p® dt \ pH
Il est & remarquer que le tenseur Z s’écrit sous la forme
p=211+u—2i)nn (8)

ott 1 estle tenseur unité, "= B/B est le verseur le long de la direction du vec-
teur champ magnétique

3. L’état perturbé du plasma. Supposons maintenant le plasma dans un état
de perturbation peu différent de V'état & équﬂlbre qui est caractérisé par les gran-

deurs physiques constantes: vo =0, Vo co B = Bsz, P Por- Les perturba-

- =
tions v, V', B’, |, $|, o’ peuvent étre considérées comme petites, de sorte qu'on
peut écrire

- — — - - =

V=049 =7, V=V, + V', ¢=po+ ¢, B=B,+ B
i =2+, b1l =D + P 9)
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. ’
Les perturbations étant supposées suffisamment petites, leurs carrés et leurs
produits peuvent étre négligés On suppose que les perturbations se propagent
dans le plasma sous la forme des ondes monochromotiques planes
- = — — — =
CP’ — (P")g——;(ml—k r), a = ﬂae—‘(ml—k 7) (10)
-
olt ¢’ représente une grandeur quelconque V', o', pf, p) , a’ représente une gran-
- —

deur quelconque * v’, B, o est la pulsation, 2 est le vecteur nombre d’onde, 7 est

le vecteur de position d’un point dans l'espace.
Remplacons les expressions (10) dans les équations (2)—(7) On obtient

v <, , 2L B
po— =~V ' + pVV' + (V+ B) X B, (11)
o _ _ - 9
o poV * U (1 )
oB - = =,
v VX (¥ X By + v,AB (18)
V-B =0 (14)
AV’ = —4nGy’ (15)
! P ! P 1
p=3"Lo —2-1LB (16)
Po B
. __Por ., Poi p
Py = —:J‘— "+ OT‘L B (17)

Remarquons maintenant qu’on peut mettre le systéme (11)—(13) sous une forme
plus convenable. En effet, en tenant compte de 1’égalité vectorielle

g - = — —

(v X B)x By, = (B, - v)B' — y(B, - B') = (B, - y)B' — ByB’ (18)

oli 'on suppose Eo . E = BB’, de I'égalité vectornelle

- = - —> e d

VX@xB) = (By - V)7 — Boy + 0 (19)

de la relation entre le vecteur perturbation vitesse o et le vecteur de déplacement
infinitésimal ¢

P (20)
at
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olt le vecteur E:vérifie une solution de la forme (10), nous pouvons écrire les équa-
tions (11)—(18) sous la forme

—p?E = —V ' + oWV’ + (B, - V)B' —B,VB’ 1)
= —pov & (22)
B = (By V)E— By - £ — 2 AB (23)

0
. . _-,, y 7 1) .
La projection du vecteur B’ sur I'axe Oz est donnée par I'expression

B, = B' = (B, - V)§,— BV -E — ™ AB! (24)

0

Introduisons maintenant la notation

Q2 =1_"p (25)

70

Tenant compte de (24) et de (25), les égalités (23)—(24) deviennent

=, 1 - 1 — -
B =5?VX(E_,XB0)=EIT($]3“BO&—BQV ° ) (26)
’ 1 Ny’
Bz = - ’é'z—n' B()V_L ‘ El (27)
ott k= k,, I'opérateur V; est de la forme
_—-P _a— g -—a_ _ . -2 .
Vimhat s 2=V i) (28)
et le vecteur EJ_ s'écrit
E:_L = _EZE_,, +—;ygy = g - —éll :_é - —é; (29)

La grandeur y -‘;b” est donnée par 1’égalité suivante [3]:

VP = Vil +(bor — pon WEL + ik [(bay — por)VL-EL+ 217 (30)

Les perturbations p', pj s’obtiennent i 'aide des équations (16), (17) en tenant
compte de I'égalité (22) et de 1'égalité (27). Nous obtenons les expressions suivantes:

1= —POL[( . 229'" )V_L'gV_L‘l”iklIEIl] (31)

2l = P [(2 ;230'2”) Vi Bl — By § ] (32)

”n



SUR L’INSTABILITE MAGNETOHYDRODYNAMIQUE D'UN PLASMA 91

En introduisant (31) et (32) dans (30) on peut écrire

VP —m[( ZQ’" )VJ_(V_L' 2)) + ity VJ_EH] + (Por — pon)RAEL +

"

— 302,

-+ ik {(Pon — o) Vi + B+ pu [( )V_L £l — Bikn g ]} (33)

m

La grandeur p,yV’ s’établit 4 l'aide de la solution de 'équation (15) En tenant
compte de (10), de (15) et de (22), on obtient

, 4 z - - = = AnGoy 7 - - - - Pad
paVV' = I8 () + R)(k - B) = By + R)(L L+ Ry B)(39)
k_L == 8 k + Ey y: E[ 72;.

La grandeur vectorielle (V X §’) xB_:,, qui est donnée par Iégalité (18) en
Taisant usage de (26) et de (27), peut étre mise sous la forme

(VX B) x By =iy BB'—BYB = -V, (V. - L) —HEL  (89)

4. L’équation de dispersion. Remplagons maintenant dans 1'équation (21)
les grandeurs: yp’, povV’, (yXB') X B, par leurs expressions: (33), (34) et (35).
En faisant usage des égalités vectorielles

E=E + B ViE =k ; V- Bl = iky - E1) (36)
Vi(Vy - E) = Ry (ky - E) = —ko(kL - EL)
on obtient 1'égalité
—pow?E = Py [— (1 ;29,,,) (kL - EL)EL — knanzl] -
— (poL — pakiEL +2 () - E)EL +
+ (_];_L : E_L)El + (EI : —guﬁi"’n + (73,11 -E,,)fel] - (37)

— 2 L - ERL + K EL] — ok [soan — o)L - ED) +

+Pou[ ( Qigm)(k g1 — 3”3”5“]}
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I/équation (37) se décompose en deux égalités

[%w—(mi—pw+lﬁyﬂEL=ﬂmLC+mj—4”ﬁ+

Qm " 2
+ :jf ] (kL - 1) + kn[ﬁu + 4“:295 ]&..}El (38)
lPovJ2 —3kji pon + 471;93 kﬂ'@n;: — {[(Pon — pol)By +
I o | [ é:l)}%’ + R )R, (39)

Nous multiplions scalairement 1’équation (38) par le vecteur z n

En substituant maintenant la grandeur £, donnée par 1’équation (39), dans
1’égalité (38), on obtient alors I'équation de dispersion sous la forme

B2 14+ Qm 4G ol
ewot = (por — pun 2| # = |pon[FE)
Q”‘ Qm k

, , 4nG o} (2 - 39?»)
4nGo? of] 0L k3 o[l -Q?n
kZ

+ Bf] KL+ KLk (POJ_ +

m

4mG el =0 (40)

ke

poa? — 3| poy + il

Cas particulrers

a) Pour le cas d'un plasma infini, homogeéne, compressible, non visqueux,
doué d’une conductivité électrique infinie et avec une pression anisotrope, 1’équa-
tion de dispersion (40) se réduit a I'équation de dispersion obtenue par Tandon
et Talwar, s1 on néglige le mouvement de rotation du plasma

En vénté, pour une conductivité électrique infinie (o — o), le coefficient de
viscosité magnétique est nul (v,, = 0). Dans ce cas, la grandeur QZ, qui est donnée

par l'expression (25), devient égale a I'umté (Q2 = 1). Nous obtenons 1'équation
de dispersion

4dnG ol
pow® — (Pol — Pon + Bﬁ)kﬁ - (ZPO_L - T: -}- Bz)kj_ —
4nGp2 12
\ (750_L+ _kzpo)
— KLk =0 41
L2 parey (41)

po® — Bfipoll + —

b) Pour le cas d’un plasma infini, homogéne, compressible, non visqueux,
doué d’une conductivité électrique infinie et avec une pression anisotrope, en
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I'absence de son propre champ gravifique 'équation de dispersion (40) se réduit
4 léquation de dispersion connue dans la littérature de spécialité [3], [5]

. B? b
pow? — (PorL — Pai + BHE[— 2(P0J_ + 7} Rl — KR — —3L‘g —=0 (42
poed® — 3kf Doy

I’équation de dispersion (40) a une grande importance pour l’établissement du
critétre de Il'instabilité magnétohydrodynamique du modéle de plasma analysé,
qu a d’importantes applications, en général, dans la physique du plasma et, en
particulier, dans l'astrophysique

(Manuscrit requ le 8 octobre 19691
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ASUPRA INSTABILITATII MAGNETOHIDRODINAMICE A UNEI PLASME CU
PRESIUNE ANIZOTROPA () Ecuatia de dispersie

(Rezumat)

In aceasti lucrare autorul stabileste ecuatia de dispersie pentru un model de plasmi care este
presupusd infinitd, omogend, compresibild, neviscoasi, cu conductivitate electvicd finitd $1 cu prestune anizo-
tropi Se neglijeazi atit migcarea de rotafie a plasmei, cit 1 procesele de conductibilitate termicd g1 de
transfer de radiatie din interiorul plasmei Presiunea plasmei fund considerati ca un temsor, se utili-
zeazi metoda elaborati de Chew, Goldberger st Low In plasm# se considery ci apar mics
perturbafii care se propagi sub forma unor unde plane monocromatice

Ecuatta de dispersie care se obtine generalizeazi ecuafia de dispersie obtnuti de Tandomn $1
T alwar pentru un model sinular de plasmi, cu deosebirea ci plasma este consideratd in migcare de
rotatie i conductivitatea sa electvicd este presupusi nfinit de mare

In lucrare se discuti s1 unele cazur particulare g1 se dau ecuafule de dispersie corespunzitoare.

O MATHUTOTHAPOIHMHAMUYECKOM HEYCTOMUYMBOCTU IVIA3BMBEI C AHM3OTPOITHBIM
JABJIEHUEM (I)
Ypasnernue Oycnepcuu

(Peswme)

ABTOp CTaThH ycTaHaBJHBaeT ypaBHeHMe NHCIEPCHH s o6pasua NJasMbl, XOTOpasi Npeirnolaraer-
c11 GeCKOHEUHOH, OXHOPOLHOMN, CIKIMAEMOH, BASKOM C KOHEYHOL 3IAEKMPONPOSOOHOC b/0 H C aHH30TPONHBIM
Jasiennem IlpeHeGperaercst KaK pOTaLHMOHHBIM JABHIXKEHHEM IIa3Mbl, TaK M NPONECCaMH TENIONPOBOIHOCTH
M repejaud pajvaldH U3HYTPH MaasMel PaccmarpuBasi JaBjieHHe NJa3Mbl KAK TEH30D, aBTOD HCIOJNBL3YyeT
MeToJ, Boipaborannbiii Chew, Goldberger n Low OH cuHTaeT, uYTO B IJIa3Me TOSIBJSIOTCS MaJble
nepTypOatuH, KOTOPHlE PACIPOCTPAHSIOTCA B BHJAE MOHOXDOMATHYECKHX MJIOCKHX BOJH

Tonrydyennoe ypaBHeHHe JHCIEPCHH 06061IaeT ypaBHEHHEe RHCIepCHH, noayveHHoe Tandon 1 Talwar
st CXOAHOro ofpasla nyasMel, ¢ TeM paljIHyNeM, UTO NV1a3Ma pacCMaTPHBAETCS B POTANHOHHOM IBHXKEeHHH
H ee 34eKmponposodnocms TpenroJiaraercs 6ecKoHedHo 60a6wuwol

B paGore paccMaTpHBAIOTCSt M HEKOTOPHIE YacTHbIE CJAYYaH H JAlOTCS COOTBETCTBYIOUIHE YDaBHEHHs
HJHCNEPCHH.
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Tn cel de al XV-lea an de aparitie (1970) Studia Universitatis Babes -Bolyai cuprinde seriile:

matematicd—mecanica (2 fascicule) ;
fizica (2 fascicule) ;

chimie (2 fascicule) ;

geologie —mineralogie (2 fascicule) ;
geografie (2 fascicule) ;

biologie (2 fascicule) ;

filozofie ;

sociologie ;

stiinte economice (2 fascicule) ;
psihologie — pedagogie ;

stiinte juridice;

istorie (2 fascicule) ;
lingvistica—literatura (2 fascicule).

Ha XV roay (1970) Studia Universitatis Babes-Bolyai bwxoaht ClieflyiomBMH cepHHMH;

MaTewaTHKa—MexamiKa (2 BbinycKa);
on3HK3 (2 BbinycKa);

XHMHH (2 BbinycKa);
reoJiorHH—MHHepajioruH (2 BbinycKa);
reorpacjjHSi (2 Bbinyxca);

OHOJiorHH (2 BbinycKa) ;

QHAOOO@PH»;

couHOJioruH;

BKOHOMHiecKHe HayKH (2 BbinycKa);
nCH XOAOMHH —TIOAIIOrM Ka;
iopHAHuecKHe HayKH ;

HCTopHH (2 BbinycKa);
H3hiKO3H&HHe—jiHTepaTypoBeAeHHe (2 BbinycKa).

Dans leur XV-me année de publication (1970) les Studia Universitatis Babes-Bolyai comportent
les séries suivantes:

mathématiques —mécanique (2 fascicules) ;
physique (2 fascicules) ;

chimie (2 fascicules) ;
géologie—minéralogie (2 fascicules) ;
géographie (2 fascicules) ;

biologie (2 fascicules) ;

philosophie ;

sociologie ;

sciences économiques (2 fascicules) ;
psychologie —pédagogie ;

sciences juridiques ;

histoire (2 fascicules) ;

linguistique —littérature (2 fascicules).



