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E.S.R. STUDY OF TWO CUPRIC COMPLEXES WITH NITROGEN
AND OXYGEN LIGANDS

N. VEZENTAN and 0. COZAR

This work performsan E.S.R. study of Cu(II) bis-«-picolilphenylace-
tonate and of Cu(II) bis-iminedibenzoylmethanate, for the establishment
of the spin-hamiltonian parameters (g, 4, @) and of the covalence degree
of the o bond between copper ion and ligand atoms in xOy plane {1]. Both
complexes are studied as polycrystalline powder state and solution state
of various solvents (chloroform, toluene, pyridine, etc.) at room tempe-
rature and at 77°K. The concentration of all samples is under 10-3M.
The E.S.R. spectra have been recorded with a JES-3B spectrometer,
working in X band.

In powder state, these complexes show the assymmetrical E.S.R.
spectra, where the peak of the parallel absorption corresponding to g is
broader than the peak corresponding to g,.

The E.S.R. spectra of both complexes in liquid solutions consist of
four copper hyperfine lines (I, == 3/2) and of nitrogen superhyperfine
lines (Fig. 2). The superhyperfine structure is very well resolved on the

H
C( ;@ Oy s@
%D Of JO
{ b ) 506s
(a)
Fig. 1. The structure of complexes. Fi1g. 2 E SR. spectrum of Cu(II) bis-
(a) Cu(Il) bis-a-picolilphenylacetonate, iminedibenzoylmethanate in 259, chloro-
b) Cu(Il) bis-iminedibenzoylmethanate. form -+ 759, carbon tetrachloride at

room temperature,
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m = —3/2 copper component and reveals five nitrogen lines. These appear
from the interaction of the unpaired Cu(II) electron with two almost equis
valent nitrogen nuclei (Iy = 1). In solvents with great viscosity (dimethyl-
formamide), the superhyperfine structure is not resolved. The E.S.R. pa-
rameters determined from spectra of liquid solutions are given in the table 1.

H
Fig 3 E.S.R. spectrum
of Cu(II) bis-a-prcolilphe-
nylacetonate in dimethyl-
formamide at 77°K.
400 Gs

The E.S.R. spectra for the frozen solutions of both complexes show
four well resolved hyperfine structure components corresponding to g
(Fig. 3), but those which are corresponding to g, are not resolved because
of the small values of hyperfine structure constants 4,. Generally, these
spectra are containing 7—9 superhyperfine lines [2], which are indicating
the presence of two inequivalent magnetic complexes in the samples.

We assume that both investigated complexes have approximately
square-planar structure with D,, symmetry at cupric ion site. The ground
state for paramagnetic electron in the studied complexes is antibonding
molecular orbital [1, 3]:

1
‘-IJB;g = d,d,n_yn —_ -E d’[— 0'9) + 0';2) + 0',(:3) —_ 0';(‘:4)] (1)

where d,s_,» represents the 34 orbital for Cu(II) and o/ are the hybrid
sp? orbitals of the ligand atoms:

c=np F (1l —nA)2s 2n= \/g

The relationship between the bonding parameters « and o' is:
o + a2 — 200'S =1 (2

Here S is the overlap integral of the d,_,» orbital with the ligand orbitals,
having the values of 0.093 for nitrogen and 0.076 for oxygen [1]. The
information about the covalent character of the copper-ligand bond may
be obtained from the superhyperfine structure.
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Table 1
i i
Complex Solvent g E _«g a o't « a?
35 | &t
benzen 2103 675 | 11 0,50 10,25 10,91 [ 083
. 409, chloroform
Cu(II) bis-a-pico- 4609, toluene | 2094 66 115 | 0,52 | 0,27 090 | 081
lilphenylaceto-
nate 259%, chloroform
+759%, carbon
tetrachloride 2107/ 665 | 112 | 0.51 | 0.26 | 0.91 | 083
benzen 2 098} 57 107 [ 050 | 025 {091 | 083
409, chloroform
Cu(Il) bis-immeds- +60% toluene | 2083 56 109 [ 050 [o025 091 | 083
benzoylmetha-
nate 259, chloroform
+75% carbon
tetrachloride 2 095 59 105 | 049 | 024 ) 092 | 0.85
Tabie 2
7l 7] & ©
Complex Solvent g I g 1 ‘:.’5 lg ___sg --g o a’? a ot
—!?. v:_ii zu:{? Ze_lé
259, chlo-
roform
+759%,
carbon
tetra-
chloride 2,193| 2037, 168 | 19 11 148 | 057 [032 | 088 | 077
Cu(II)bis-
-a-picolil- dimethyl-
phenyla- [forma-
cetoniate |mide 2210| 2040 166 | 18 — |14 {056 |031 [088 |077
409,
chloro-
form 4
609 to-
luene 2212 2042) 163 | 19 105 14,5 | 057 {032 [ 088 | 077
259, chlo-
roform -}
759, car-
Cu(II) bon tetra-
gii'mlme' chloride 2173| 2026} 160 ; 125 — 117 {051 [0268 {091 | 083
nzo- R
Jimetha. [pyndme | 2200] 2031l 147 {135 | — | 115 | 050 |0.25 | 091 | 083
nate 17%, pYy-
ridine
+83%
toluene 2.193] 2.032[ 150 | 115 —_ 12,5 | 052 | 027 | 091 | 081
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In the case of liquid solutions we neglect the anisotropic contribution,
and take only the Fermi contact term for the electron-nucleus coupling
energy [4, §]:

a¥ = — T BByrn(a) 3() (3)

where : By and B, is the Bohr and respectively the nuclear magneton,
vy — the giromagnetic ratio for 4N nucleus,

8(;5 — the 2s electron density at the nucleus of the nitrogen atom
and has the value of 33.4 X 10*¢ cm~—3[4].

From the formula (3) and using the superhyperfine splittings measur-
ed at room temperature we have estimated the values «’, and then, with
the help of formula (2) we have calculated the coefficient o (Table 1.)

TFor the frozen solutions the coeficient «' was calculated taking into
consideration the anisotropic contribution at the superhyperfine splittings
too [4, 6]:

8r

ay = % (') (2B 0By ) [— - 8(r) + %(ra)ﬁ]

(4)

1 ' 8 o/ 1

af = 5 (=) (2Boyra) | — 5 30) — L]
where 7, 1s the 1adius of the 2p orbital of mitrogen atoms and (r-3%), =
== 21.1 X 10%% cm~3% [4]. The results obtained in this case with the fo1-
mulae (4) and (2) for the coeficients o’ and «, are given in the Table 2
It may be observed that for the both investigated complexes, the coeffi-
cient o2 has a value of ~~ 0.80, in good agreement with the results obtained
for other cupric complexes. Among these complexes we mention: Cu(II)
bis-salicylaldehyde-imine (a? = 0.83, «'2 = 0.25) [4], cupric benzoyl hy-
drazone (a2 = 0.82, «'2 = 0.27) and cupric ortho-vanillin ethylene diamine
(2 = 0.80, «'2=0.29) [3].

{ Recesced September 19, 1772
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STUDIU RES A DOI COMPLECSI CUPRICI CU LIGANZI DE AZOT S$I OXIGEN
(Rezumat)

Se face un studiu R E S. a do1 complecs: de Cu(II) cu atomi liganzi de azot st oxigen,
stabilindu-se parametrti hamiltomanulu de spin (g, 4, aN) st gradul de covalentd al legiturd
metal-ligand (a2 oz 0.80)

MNP HCCJIENOBAHHME OBYX KOMILWIEKCOB cCu(ll) C JIMTAHOAMH A30TA
H KHCJI0POJA

(PeawmMe)
AsTopur nposenn JIIP uccaepoBanHe nByx xommiaekcoB Cu (II) ¢ AHranaHmME aroMamn

a30Ta H KRCJIOpPOJA H YCTAHOBHJIH NapaMeTPh CHHHOBOIO TFaMHJLTOHHaHA (g, 4, a¥) H cTeneHb
KOBaJIEHTHOCTH CBfA3H MeTayli-JHraup («f oz 0 80)






ASUPRA DETECTIEI TERMICE A REZONANTEI ELECTRONICE
DE SPIN

EMIL TATARU

Introducere. M. Guéron $i I. Solomon [1] au aritat posibi-
litatea evidenjierii semnalelor de rezonantd electronici de spin (RES)
prin metoda detectiei termice, care constd in inregistrarea variatiei tempe-
raturii probei ca urmare a inc#lzirii provocate de puterea absorbiti la rezo-
nanjd de probd din cimpul de microunde. Primul experiment [1] a folosit
ca traductor al variafiei temperatunii un bolometru din InSb, iar mai tir-
ziu a fost utilizat bolometrul din fir subtire de cupru [2], termocuplul [3,4]
si termistorii In montaj diferential [5]. De asemenea, a fost aritat cd detec-
fia termicd poate fi folositd cu succes si in cazul rezonantei feromagnetice
a filmelor subtiri [6]. Detecfia termici a rezonanfei feromagnetice are
frumoase perspective datoritd absorbfiei puternice §i a avantajului ma-
nipuldrii probei.

J. Schmidt §i I. Solomon [2] au dovedit cd sensibilitatea
detectiei termice poate fi mai mare decit in cazul detectiei electromagnetice
conventionale, devenind spectaculari la temperaturi joase, iar semnalul
RES poate fi calibrat direct in putere, ceea ce este dificil in metoda uzuali,

Scopul lucrérii de fajd este de a analiza detectia termicd in termenii
parametrilor circuitului de microunde. Vom stabili relatii care permit
efectuarea misuratorilor absolute, vom exprima raportul semmnal-zgomot,
susceptibilitatea dinamicd si numirul de spini minim detectabili si vom
compara rezultatele cu cele obtinute in cazul detectiei electromagnetice
conventionale. In acest fel se completeazd analiza dati in [2], obtinind
rezultate noi si importante din punctul de vedere al exploatirii detectiei
termice a RES.

Teorie. Ccosiderdm o sursi de microunde care cu ajutorul unui ghid
excitd o cavitate in care proba este agezati in regiunea in care cimpul
magnetic de microunde %, ia valoarea maxima H,. Bolometrul, care in cel
mai bun caz este chiar proba, este introdus intr-o punte de curent alternativ,
echilibratd in absenta fenomenului RES, iar prezenja acestuia provoacid
dezechilibrarea punfii ca urmare a Incdlzirii probei, datoriti absorbfiei
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de putere de la cimpul de microunde.

C R
£ Semnalul cauzat de dezechilibrarea
puntii este aplicat unui amplifica-
g tor look-in s apoi inregistrat [2, 5].
¢ Pentru circuitul de microunde

folosim schemele echivalente uzuale
[7—9] date in fig. 1, in care: E, Rg

[~

r72Rg L C R si # caracterizeazd sursa echivalentd

1, de excitatie a cavitdtii, respectiv
cuplajul iIntre ghid §i cavitate,

nkE AR. L, C, R, — sint parametri echiva-

lenfi ail cavitdfii, iar AR, repre-
zinta rezistenfa echivalentd absorbtiei
de putere provocati dé RES. Facem

Fi1g 1 Schemele echivalente ale cavitifit
cuplatd la ghidul de alimentare cu putere

de microunde urmitoarele notatii:
= (LC)~v2 — pulsatia de rezonanjd a cavitifii egald cu pulsafia
Po — permeabilitatea spatiului liber,
Q=L — factorut de calitate in gol a cavititii (in Q, sint in-
°7 R, cluse §i pierderile probei respectiv bolometrului in absen-
{a RES),
Vsi AV — volumul cavitifii, respectiv al probei,
V= ;S #dV  — volumul efectiv al cavitdfii,
v
7 =AV|V, — factorul de umplere,
P,=R, (__E__) — puterea debitati in cavitate,
R, 4 n®Ry
P, _ £ — puterea maximi pe care o poate debita sursa de
41:1,z microunde in cavitate,
Hy= =2 — cimpul magnetic static la care are loc fenomenul
T RES.

Pentru a calcula puterea P, absorbitd de probi, facem observafia
c3 aceasta este tocmai puterea absorbitd de rez1stenta AR, cauzati de feno-
menul RES. Se poate scrie [9] AR, = Qox"R,, ¥’ fiind componenta ima-
ginard a susceptibilitifii magnetlce dinamice. Daci jinem seama c#
[AR, [(R, +7*R,)] < 1 atunci avem:

P, = AR, (____"E___)”f_\{ (A’iﬂ) P,
‘n’Rg + Rc + ARc Rc
adicd
P, =PQex" (1)
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Expresia lui y'' la rezonanji este [9]

1
by E Xo@o T3
=1 (2)

1
14 Z’ vHIT, T,

unde ¥, — susceptibilitatea magneticd staticd, y — raportul giromagnetic,
iar Ty si T, reprezintd timpul de relaxare longitudinal respectiv transver-
sal Pe de altd parte, puterea absorbitd de probad mai poate fi scrisd sub
forma [10]:

P == ‘%‘ LLo(‘\)ox H'ZAV
care in combinafie cu relatia (1) ne di:

20, )
Hi=|—=-|P
* (l—‘-o‘*’ov,f ‘ (3)

Atunci din relatiile (1), (2) si (3) rezultd.

1
Pe = g ool G @

unde* P, = 2u,0,Vy2T1T.Q, Intrucit puterea absorbiti la satu-
ratie de cdtre probd este P, = woxoHgAV/[T,. se observd ci P, cores-
punde acelei puteri de microunde din cavitate pentru care puterea absor-
bitd de probd este 0,5 P,, Relajia (4) exprimi puterea absorbitd de probd
in functie de parametrii probei si ai circuitului de microunde. Ea este utild
la efectuarea mésurdtorilor absolute §i la evaluarea sensibilitifii detectiei
termice

J Schmidt $1 I. Solomon [2] au aridtat cd puterea P, a zgomotului
echivalent are expresia:

— PEV2; P, = (4 T,P, Af)V? 5)

unde P, — puterea zgomotulu1 de fluctuatii termice, % — constanta lui
Boltzmann, Py, = GT, — un parametru avind dimensiunile unei puteri
gl care caracterizeazd sensibilitatea bolometrului, G §i T, — conductibili-
tatea termicd, respectiv temperatura absolutd de lucru a bolometrului,
Af — lirgimea benzii de trecere a sistemului de amplificare gi inregistrare,
iar E — factorul de zgomot al bolometrului determinat de comnditiile de
lucru si de zgomotul Johnson. Tinind seama cd puterea absorbitd P,
este maximi in raport cu cuplajul cavitiii la ghid in cazul adaptirii, in baza
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relatiilor (1), (4) si (5) se poate scrie raportul semnal zgomot al detectiei
termice a RES sub formele:

3)  —Pa_ Pulenx”
(Z)DT - P, P,E1jz (6)
[f_) — Yoo T2nQo . Py (7)
Z]pr  4RTHPEAJE  [1 4 (PpfPes)]

Din relajia (6) rezultd cd y'' minim detectabil are expresia:

" (4R TP EAf)12
Kmmnpp = ;’anof) (8)

Intrucit in cazul paramagnetismului spinorial avem

_ Ng**S(s+1)
0 SET,AV

(N — numirul de spini nelmperecheafi confinuti in probid, g — factorul
spectroscopic, § — magnetonul Bohr, S — numadrul cuantic de spin) din
relatia (7) rezultd cd numdrul minim de spini neimperecheati ce pot fi de-
tectati cu ajutorul detectiei termice este dat de relatia:

12K 2T}V (GEAf) 1

N, =
et 0o T3QoPpgtp?S(S + 1)

(1+22) (9)

P

Vom discuta si compara rezultatele obfinute mai sus pentru detectia
termicd cu cele din cazul detectiei electromagnetice conventionale a RES,
analizati detailat in lucririle [7—9] Conform lucririi [9], in cazul detectiéi
electromagnetice conventionale a RES, pentru sistemul cavitate de reflexie
plus detector liniar, raportul semnal-zgomot este dat de relatia

(E) __PulQeny” (10)
Z)pE (4T FAIL

unde F este un factor de zgomot ce caracterizeazd zgomotul detectorului
st al canalului de amplificare. Aceastd formuld a fost dedusi pentru
situatia optimi ce corespunde adaptirii cavititii la ghid, dar, dupd cum se
stie [7, 9] pentru a nu avea distorstuni ale semnalului se recomandi sd se
lucreze la un coeficient de undi stationari in jurul valorii doi. Exprimind
pe y'' ca st in cazul detecfier termice [vezi relatiile (2) si (3)] relajia (10)
devine :

(i} _ _XowoTanQo Py’ (11)
Zlpg  4RTHFANE [l 4 (Pm/Pes)]
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Din (7) si (11) gésim:

(S/2)pr _ (Pm)lﬂ , (F)’” (12)
E

{S/1Z) pe P,
Raportul (12) arata in ce condifii detecfia termic# este mai sensibila decit
detectia electromagnetici conventionala.

Din relatiile (7) si (11) se poate observa céd in raport cu puterea P,
sensibilitatea detectiei termice cregte, tinzind spre o valoare limiti cind
P,, tinde spre infinit, in timp ce in cazul detectiei electromagnetice conven-
tionale avem un optim corespunzitor la P, = P.. In aceasti situatie
(P, = P,), lirgimea liniei RES pentru ambele detectii creste cu factorul
\2 fa$i de cazul puterilor P,, foarte mici. Intrucit conform relafiei (7)
la P, > P, sensibilitatea detectiei termice creste putin, in schimb lir-
gimea liniei creste considerabil, este normal sd convenim ci situajia optimi
are loc in cazul P, = P,. In acest caz, relatiile (7) si (9) devin:

(i) — toxo AV 13
VA DToptim AT, (AT, P, EAf) 2 ( ‘ )
__ 12T (BT P EAf)2 (14)

WTopum T f3S(S + 1)

h fiind constanta lui Planck.

Concluzii. 1° Privind relatiile (1) si (4) ajungem la concluzia ci misu-
rind factorul de calitate Q, puterea din cavitate P, si puterea absorbiti
de probd P, putem determina susceptibilitatea dinamica ', deci §i suscep-
tibilitatea staticd y, numdirul de spini neimperechiai N, precum si timpul
de relaxare T;. Eroarea de masurd va fi micsoratd considerabil daci se
reprezintd grafic dreapta determinati de relafia (4) in planul (1/P,), (1/P,).
Aceastd dreaptd are panta (2/yew,TenQ,) din care rezulti y, si intersec-
teazd axa ordonatelor la ordonata (1/P,,) din care rezulti T, (T, se deter-
minj din lirgimea liniei RES, o, — se mdsoard cu undametrul, iar volumul
efectiv necesar in evaluarea lui » se calculeazi din datele cavitétii). Pentru
a mésura puterea absorbitd de proba se aplicd bolometrului o putere de curent
continuu atit de mare incit si provoace aceeagi dezechilibrare a puntii
ca si fenomenul RES. In aceste condifii, puterea absorbiti de probi dato-
ritd fenomenului RES §i puterea de curent continuu determinati mai
sus sint egale Intre ele. Este evident cd in baza relatiei (1) se pot face si mi-
surdtori relative.

2° Relatiile (8) si (9) aratd cd sensibilitatea detecfiei termice a RES
este cu atit mai mare cu cit puterea debitati in cavitate este mai mare.
Prin urmare, in raport cu cuplajul cavitifii la ghid, sensibilitatea este maxi-
mi in cazul adaptdrih R, = #*Rg, adica P, = P,. Aceasta dovedeste
cd detectia termicd permite utilizarea optim3 a sursei de microunde, fird
si existe pericolul distorsiondrii semnalului, ca in cazul detectiei electro-
magnetice conventionale.
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3° Din relatia (12) se vede ci sensibilitatea detecfiei termice este cu
atit mai mare fatd de detectia electromagneticd conventionald cu cit rapor-
tul M = (P, F|P,E)!? este mai mare. In cazul spectrometrelor superhete-
roding F ~: 25 [7], 1ar E este de ordinul a citeva unitdfi [2]. Prin urmare
detectia termica este avantajoasid atunci cind puterea de microunde este
mai mare decit puterea P, care caracterizeazi sensibilitatea bolometrului.
In situaia optimi P,, = P, {inind seama ci P, este proporfional cu volu-
mul bolometruluif{2], considerind factorul de umplere % constant si Qyxw,~ "2
[7, 9], gdsim cd avantajul detectiei termice fatd de detectia electromag-
neticd conventionald creste in raport cu frecventa dupi legea Mawd/*

4° In sfirsit, din relatiile (13) si (14) rezulti o alti caracteristicd im-
portantd a detecfiei termice in contrast cu detecfia electromagnetici con-
venfionald i anume cd in cazul optim P, = P, sensibilitatea nu depinde
de factorul de calitate al cavitiitii.

(Intral tn redactre Ia 20 seplenbrie 1972)
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O TEPMHYECKOH NETEKUHH JIEKTPOHHOTO ITAPAMATHUTHOTO
PE30OHAHCA

(Pe3ome)

B crartbe npoanaiH3anpoBana TepMHUECKAs eTEKIHs B CMBICJIE MapaMeTPOB MEKPOBOJIHOBOM
HenH. YCTaHOBJEHH COOTHONIGHHS, MO3BOJMAIOIHEe TpOBeleHHe aGCONIOTHHX H3MepeHHH NHHA-
MHYeCKOfl H CTATHYeCKOfi BOCIPHHMYHBOCTH, YHCJIA HeCNapeHHHIX CIIMHOB H MPOJOJIBHOTO Bpe-
MeHH pejiakcaniH. BupaKaeTcs 9yBCTBHTENLHOCTh H CPABHHBAETCH € TYBCTBHTeJIbHOCTHIO, NMOJY-
9eHHON B clyyae ycaoBHOM 3jieKTpoMarHHTHOM merexuuH. IlokasaHo chefylomee: TepMHUeCKast
AeTeKUHs N03BOJIAET ONTHMAJbHOE HCHOMAbLb3OBAHHE HCTOUHHKA MHKDOBOJH, NPEHMYIECTBO Tep-
MHYeCKOM JeTeRUHMH HaJ YCJIOBHON SJeKTpPOMACHHTHOH Aerexudefi Bo3pacTaer ¢ YacTOTOH KakK H
«®/%, H B ONTHMAJALHOM CJAYy4ae 1yBCTBHTEJILHOCTh TEPMHYeCKOR AeTeXHHM He 3aBHCHT OT Kayec-

TBeHHAro (axTopa pesoHatopa.
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SUR LA DETECTION THERMIQUE DE LA RESONANCE ELECTRONIQUE DE SPIN
(Résumé)

Dans le présent travail on analyse la détection thermigue dans les termes de para-
meétres du circuit de micro-ondes. On établit des relations qui permettent d’effectuer des me-
sures absolues concernant la susceptibilité dynamique et statique, le nombre de spins non
appariés et le temps de relaxation longitudinal On exprime la sensibilité et e’on la compare
4 celle obtenue dans le cas de la détection électromagnétique conventionnelle, en montrant
que la détection thermique permet 1'utilisation optimale de la source de micro-ondes, que Y'a-
vantage de la détection thermique sur la détection électromagnétique conventionnelle croit
avec la fréquence comme «?®/4, et que, dans le meilleur cas, la sensibilité dela détection ther-
mique ne dépend pas du facteur de qualité de la cavité






PECULIARITIES OF THE UNSTABLE PARTICLE
DESCRIPTION

E. PAPP

1. Introduection. Within the framework of the usual theoretical formu-
lations an unstable state is described by means of a S-matrix pole w, — ¢ %,

placed on the second Riemann sheet of the complex energy plane [1—3].
The resonance energy and the resonance width are expressed by «, and
I" respectively. Generally there is not a one to one correspondence between
the S-matrix poles possessing the above mentioned form, and the unstable
states [4]. However, there exists the possibility to define the unstable states
by using certain restrictions that are not directly connected with the
analytic properties of the S-matrix {5, 6]. Thus un unstable state may
be defined by means of a strong variation of the phase shift in the very
T

neighborthood of a certain energy w, when 3 (p,) =¢ 3" where 8((p)

expresses the phase-shift and p, the resonance momentum [5].

Taking into consideration a two-pole approximation of the S-matrix
(in the momentum plane) we shall evaluate the unstable particle life-time
as the interaction time of the decay products. The unstable state form
factor is then analysed both when the momentum spectrum is extended
only on the positive semi-axis and when it is extended on the whole
real axis. In this way, besides new results, the relevant peculiarities of
[5, 6] will be reobtained.

2. The unstable particle life-time. The unstable particle is assumed
to undergo a preparation (to decay) up to a certain instant ¢ = 0. During
the decay the unstable particle loses its initial individuality and may
be found — after a certain time-interval, called the unstable particle
life-time — as decay products. The decay products are particles that
differ physically from the initial unstable particle.

We can assume that, with respect to the unstable states, the life-time
evaluation is univoquely defined as ’’observable” time evaluation. There-
fore, assuming the validity of the S-matrix formalism to describe the decay

2 — Physica 21873
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products, we can identify the unstable particle life-time with the inter-
action time of the scattered particle [7] Indeed, the decay products are
scattered particles, too, because all the decay products undergo the decay
interaction. One may also mention that the above considerations are valid
at least for the unstable systems that may be interpreted as simple scat-
tering systems [8].

A decay-product particle may be therefore described by the scattered
state

gn(p) = &(p) sin 3(p) exp 3{)(p), $ > O, (1)

where g,(p) is a smooth function expressing the influence of the unstable
particle preparation process and where the phase-shift 3{)(p) obeys the

restrictions defined in [5]. The spectral width of the function g(p) i
supposed to be sufficiently large in order to overlap the narrow domaln
in which the phase-shift 3{(p) takes appreciable values. In these condi-

tions the function g,(p) may be approximated by the constant factor g(p,).
With a suitable normalization the state (1) may be then written as

gN(p) = sin 3{)(p) exp 13()(p),  p > 0. 2)

Consequently, neglecting the role of the phase arg g,(p) we may define
the decay — interaction time by the relation

T 25 sm? 50 L 50
[ b s 8% p) — 3(p)
~ 0
Adfp = >— @)
[ ap sin® 80 (p)
0

Respecting the two-pole approximation, given by

(b + pr — ’b)(? — Pr — 11’)J 4
SP) = (b + pr + 1B)(p — pr + 4B) @)

where p, > b, and

2 2
O),T—‘—‘P'—b’ F:2p,b‘ (5)
251 m
one obtains
! 1
sin 3(p) = 2op1(p + £, + 841 FH(p — b2 + 871 %, 6)

so that

AT oo 1‘; , ¥)
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where the second order contributions in & have been neglected and where,

P
in order to evaluate the denominator of the right part of the expression
(3), account has been made of the relation

ap L b
=ZF tg 27,
S (P £pn%+ 2] 2 are b (8)
0

and of its derivatives with respect to the parameter b.

As one expected the evaluation (7) is identical with that of the mean
life-time calculated with the exponential decay low. One can thus mention
that the approximation of the g,(p)-function with the constant factor
g(p) for p > 0 (and consequently with the factor g,(— p,) for p < 0)
has to be considered as an essential step in order to obtain the correct

life-time % One may also remark that the above obtained interaction

time is well defined as an observable evaluation, because the state (2)
satisfies the hermiticity condition of the time-operator, i.e. it vanishes at
1
= te
least as p° at p - 0 and at infinity [9].
The result of the evaluation (7) does not change when the state (2)
and also the state (1) are extended to negative values of the momentum.
Indeed if one considers, as usually, that the phase-shift §{)(p) is an odd

function with respect to the momentum p, the éxpression (3) may be
written as

4+ a
[ ap sin® 3{7(9) sgn p — 8"(5)
o de

A = yom . ©)
[ ap sin® 8(p)

—

Consequently, taking into consideration negative momenta values, a

time-operator sign change is implied, so that, in the new conditions, it
becomes

T'=——isgn;b£;, P & (— o0, + o). (10)

Indeed, changing the sign of the momentum, the direction of the
movement changes, too. To maintajn a well defined significance of the

relation 7 = £¢ where # > 0 — which by virtue of the correspondence
m

principle is the defining relation of the time operator — it is necessary
that { < 0. In this situation the form of the relation (10) is explained.
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Taking into account that
d
5 B2 P = 23(2). (11)

where 8,(p) is the Dirac function, the expression (9) becomes

+ o0

d
[ ap sz 30(p) o lsgn p8(p)]
AT = = . (12)
[ apsin® 3(p)
as soon as
" sinz 37(p)8(p), (13)

vanishes at the origin. This latter condition, which permits to define the
effective phase-shift

3(p) = sgn p31(p),  p & (—, +), (14)

and which is very closed to the hermiticity condition of the time operator
(it is more general than that one) expresses in fact the adequacy of the
S-matrix to perform a space-time description.

3. The unstable particle deseription. If one maintains as time operator
the standard time operator — ¢ di and one takes into account that the

»

w
life-time evaluation is univoquely defined as an ’observable’” time — eva-
luation with respect to the unstable particles, we may assume that the
unstable state is described, in the considered approximation by the function

g7(p) = g,(p. sgn p) sin 37(p) exp i3{7(p), (15)

where the momentum is now extended on the whole real axis and where
the function g,(p,) possesses a well defined parity

&(— ) = — bg,(#,), b, =41 (16)

In these conditions we may conclude:

a) The ’’observable” evaluation of the time with respect to the state
g¥(p) is well defined and identical with the life-time of the unstable particle,

b) The average value of the momentum p with respect to the state

g¥(p) is zero, so that the state g{’(p) describes — in a certain sense —
a system in a rest state. Because, in the center of mass system, the reduced
particle may be interpreted as the representative particle of the scattering
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system, we may conclude that the state g(p) is able to describe the
unstable system whose spatial evolution is zero during the decay inter-
action.

¢) The spatial localization of the system described in these conditions
is a very good one, because the momentum uncertainty defined by

-+

[ apigPo)r
Ap ===, (17)

[ ap 1ePip)1e

— 00

takes large values The mean value of the momentum with respect to the

state g(p) has been approximated by the resonance momentum ,.
Accordingly to [6] the condition of a good spatial localizability is a defin-
ing condition to describe an unstable system, too.

d) In contrast to the time quanta, the space quanta [9] associated

to the state g’(p) are equal to zero. This fact signifies — in a certain
sense — that the evolution of the unstable particle is stated ’’outside”
space. Indeed the exponential decay law describes exclusively a time
evolution and expresses also a defining characteristic of an unstable sys-
tem [6].

Therefore the state gi(p) is able to describe defining properties of
an unstable system. Performing the average values of the quantomechanical

standard operators with respect to the states gf’(p) and g{’(p) one obtains
the evaluation of the observables corresponding to the unstable system
and to the decay-product particle, respectively. Excepting the life-time
and the energy, the observables calculated in this manner generally take
different values.

This signifies that the quantomechanical individuality of the unstable
system remains distinct from that of the decay-product particle. Respecting
P2
2m
usual significance. In these conditions there exists — at least in principle
— the possibility to assign the appearance of new particles in the very
high energy scattering processes to an equivalent transfer of involved
resonances (unstable states) kinetic energy.

The extension of the momentum on the whole real axis cannot be
performed without affecting the usual concordance between the coordinate
and momentum representation. According to the usual formulation the
coordinate representation of the g{’(p) state may be defined, up to a cons-
tant factor, as

the unstable state, the average value of the kinetic energy loses its

+ o
W ) = = § apel ()P, 2) exp (— i), (18)
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where the eigenfunction of the total energy has the following asymptotics

VP, p) —> z’v 2 sin (pr— %z + aﬁ')(p)) exp i87(p).  (19)
=00 T
This eigenfunction may be also written as [10]
k2
W00 = 0\ T (14 = pem(t 57 8) @0
where f (l + %, ;b] expresses the Jost function and @ (l + % , 7, p) the
eigenfunction of the total energy regular at the origin and entire functlon

respecting p2.
Because f(l + E’ — ;;5) = f¥ (l + —2— , p) one obtains

Y — ) = (= 1)+ 4P, ) exp [— 230%(p)1, (21)

s0 that the orthogonality of the e1genfunct10ns may be stated respectmg
also the negative momentum values.
Therefore

+o
W . 400 0 = { ap 160 1 +

— 0

o (22)
+ (= 1 ReS ap g (plef(— p) exp [— 28(p)]

0

In these comditions, taking into account the restrictions formulated
in [5] one obtains

+
+ 0= 1| dpigPple,  (29)

— 0

1
@90, 8, 40 ) = - 11
where the factor exp [— 2:3{(p)] has been approximated by — 1 Conse-
quently, the state (18) takes nonzero values only for those angular momen-
tum values for which

(— 1)+ = 6, (24)

Therefore if the g,(p) function 1s an even [ odd one the unstable state
description is exclusively restricted to the even (including / = 0)/odd values
of the angular momentum.
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Assuming that the orthonormalized system of functions () (r, p)}
is a complete one, the g(p) function may be expanded as

@

alp) = [P0, D)G,0). (25)
0
In these conditions the relation (16) is satisfied if
Y, 2,) = (= 1DPOYENG, 2,) exp [— 230(p) ], (26)
so that
() = £ = @7)

only for those angular momentum values satisfying the relation (24). There-
fore the quantomechanical description of an unstable state may be per-
formed only when the relation (24) is fulfilled. It may be assumed that
this interdiction is able to limit the angular momentum values for which
the unstable system possesses the meaning of a well localized quanto-
mechanical object.

4. Conelusions. Within /the proposed framework, the good spatial
localization condition defined by [6] and the restrictions formulated by
[5] become reciprocally connected as soon as the momentum spectrum
is extended on the whole real axis, In this case the unstable state has the
meaning of a compound resonance which appears only for certain /-values:
denoting with — 6, the parity of the incoming form factor, the unstable
state may be defined only for those l-values which satisfy the condition
(— 1)+ =,

It 1s a pleasure for me to thank Prof M Driganu and Prof Z Gabos for sti-
mulating discussions.

(Recesved Seplember 19, 71972)
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PARTICULARITATI ALE DESCRIERII PARTICULEI INSTABILE
(Rezumat)

Extinzind spectrul impulsulu1 pe intreaga axi reald, se analizeazd posibilitatea efectudrn
unei descrier1 adecvate a uner particule instabile, Starea instabild defimitd in acest sens 1a
valori nenule numai la valort pare sau respectiv impare ale momentulu1 cinetic

OCOBEHHOCTH OIMKUCAHNS HEYCTOMUKMBOM YACTHILDBI
(Pesome)

Pacnpocrpa}m;{ CNIeKTp HMOYJibCa Ha BCIO AeﬁCTBHTEJ'IbHle OCh, aBTOP A4HAJNH3HpYyeT
BO3MOXXHOCTb OCYIIECTBJIEHHA AJEKBATHOIO OITHCAHHA HeyCTO}u{'-IHBOI:l YaCTHIUH OHPEIIEJIEHHOE
B 3TOM CMHhICJe HeyCTOl‘:l‘lHBOE COCTOSITHHe NpHHHMaeT HEHYJIeBhi€ 3HAUEHHA JHIDbL IIPH YEeTHLIX
HJIH, COOTBETCTBEHHO, HEYETHhIX 3HaueHHAX KHHETHYECKOro MOMeEHTa.



CONSIDERATII ASUPRA DEZVOLTARII COEFICIENTULUI
DE CONDUCTIVITATE TERMICA DUPA PARAMETRUIL «
AI, TEORIEI PERTURBATIEI

SPERANTA COLDEA

Pe baza unei noi forme a teoriei perturbatiei pentru coeficientii de
transport, recent introdusid in studiul acestor coeficienti de citre Watts
[1] si dezvoltati in continuare de autor [2]—[3], in prezenta lucrare se
efectueazd calculul conductivitdtii termice. Scopul este de a se obtine o
dezvoltare a acestui coeficient de transport in functie de proprietitile
moleculare ale sistemului considerat (un fluid moderat dens, cu N molecule
inchise in volumul V)

Metoda perturbatiei se aplicd referitor la formula de autocorelare caie
defineste conductivitatea termicd [4]— 7]-

g @t (J(0)J.() (1)

T VT

unde [,(0) este componenta x a fluxului total de energie J,(0), la momentul
inifial ¢ =0 [4-—-5]:

Zp,(op.w) 41 EZ[ 0))5,(0) jm— £ %) -7,;(0)] (2)

=1 m d7y
e

7o 7y, respec’cw ;b,, 75, sint coordonatele de pozltle §1 impulsurile molecu-

lelor ,,2”" si ,,7 din 51stemu1 considerat ; 7,, = [r. — 7,] este distanta rela-
tivd dintre particulele ,,2”" si ,,5”, iar (p( ,) este potentialul intermolecular.
Sint considerate molecule de mase egale m

Fluxul termic la momentul de timp ¢, J,(f), poate fi scris cu ajutorul
operatorului de deplasare in timp [1]—[2]:

J+(t) = exp (¢H,) J.(0) 3)

unde H, este operatorul hamiltonian al sistemului considerat [1]—[2].
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Pentru a dezvolta operatorul exp (tH,) in funciie de parametrul «
al teoriei perturbatiilor, se utilizeazid formula lui Feynman ([8]:

¢
exp ((H,) = exp ((HE) + a \ dt’ exp (" HR)H? exp[— (' — )H,] + 0(c?) (4)
0 0 0

unde HY reprezinti partea neperturbati a hamiltonianului, corespunzi-
toare sistemului de referin{d R, iar HP este hamiltomanul de perturbatie
Hy, = HR 4 «HY. Introducind in relapa de autocorelare (1) pentru A,
expresnle (8)— (4) se obtine:

3VERT?
, 5)
§dt (Jxl0) (@' exp ¢ HHHE exp (— (¢ — HHHT<(0))

0

A= g dt (J.(0) exp (tHR)J (0)) +

+

3VRT3

Efectmnd, pe baza teorier perturbatie1, exact aceleasi calcule ca si in
cazul coeficiengilor de viscozitate [2], se obfine urmitoarea dezvoltare
pentru conductivitatea termicd -

A= 3Vhr=§dt [hoo(®) + Aoa(®) + Aao(8)] 6)
unde :
Roolt) = (Jx(0) exp (HE) Jx(O))z 7)
Aoult) = — B (Jx(0) exp (HTx(O)(U” — (UP)z)e (®)
51

¢

Molt) = o« (Jxl0) | @ exp (HP)B exp [— (¢ — HHFUx0) >x ©)

0

Paranteza ( ), indicd o mediere asupra ansamblului la echilibiu a siste-
mului de referintd. p = 1/kT,-U = UX + «U~*.

Dezvoltarea dati de relafia ( ) pentru conductivitatea termicd este
scrisd ca o sumi de tret termeni, in scopul unet analogii formale cu dez-
voltarea obtinutd anterior pentru viscozitate [2]. Se poate scrie aceastd
dezvoltare pentru A i ca o sumd de mai mulfi termeni, deoarece Aool?),
Nor(f) §1 Apo(f) pot fi dezvoltatr in continuare prin introducerea in relatiile
lor de definitie (7)—(9) a expresiei J,(0) a fluxului termic si efectuarea
‘calculelor corespunzitoare



COEFICIENTUL DE CONDUCTIVITATE TERMICX 27
Nu s-au considerat in dezvoltarea (6) termenii de ordin «2. Ficindu-se

urmétoarele notatii pentru termenii dependenii de ¢, obfinufi prin acfiunea
operatorului de deplasare in timp asupra unor termeni la momentul ¢ = 0:

,I;(t) = €Xp (tHée) j’u( )

» pH() = exp (tHE)P,(0)
75@¢) = exp (tHF),;(0) ;

B(t) = exp (tHF)%,(0); *(ry(®) =  (10)
= exp (tHP) [9(,(0)]; 229 — exp (aE) [_.._64“’3_‘0”],
0’1 - Jry

Se obtin urmitoarele expresii dezvoltate in funciie de parametrul o si
proprietitile moleculare, pentru termenii Ago(2),

Poolt) ~—<Ez> 0250250 +1

Aos(£) 51 Asolf)

TS olwal#500)

2RO — p3,(0) 22 a‘?"‘"’ 020 0> +
S [, (0)%(x,) +p3,(0><p(x.,)zs,§<t)1> -

1#

- Ly [pz BE®) 20 5,0) + $4,(0)

deR(%,,(1))

0;;] * ( )
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unde s-a notat cu A urmitorul operator:
A = exp(! HR)H} exp (— t'HY)

Fiecare din termenii ce apar in aceste dezvoltdri reprezinti o medie
de tipul < >, a unor expresii ce confin diferite grupiri ale proprietigilor
moleculare, ca impuls, pozitie, distanti relativi, potential intermolecular etc.

Din punct de vedere formal dezvoltarea dupd « obtinutd pentru conduc-
tivitatea termicd A, cu termenii dati de relagiile (11)—(13), este similard
cu cele obtinute anterior pentru difuzie [1] si pentru coeficientii de visco-
zitate {2]. In dezvoltarea (6) pentru A apar insi grupiri mai complexe de
proprietafi moleculare, datoritd faptului cd expresia fluxului termic J (0)
e mai complexd decit in cazul fluxurilor de difuzie sau a tensorului pre-
siunilor, conjinind contribufia potentiald la fluxul termic in functie de
potentialul intermolecular ¢(r,,). In diferite cazuri particulare rimine si
fie dati forma concretid a potentialului ¢(r,,) si se va putea utiliza metoda
dinamicilor moleculare pentru un calcul efectiv al diferifilor coeficienti
de transport. Este nevoie in acest scop de un calculator electronic de simu-
lare a datelor moleculare i care si poatd calcula numeric integralele mul-
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tiple ce apar in expresiile obfinute pentru difuzie [1], viscozitd$i [2]—[3]
si conductivitate termici. Au fost deja efectuate astfel de calcule cu aju-
torul tehnicii dinamicilor moleculare pentru unii coeficieni de transport
[9]—[10] si autorul intenjioneazd si efectueze calculul numeric al coefi-
cienilor de viscozitate gi al conductivititii termice folosind aceeasi metoda

(Intrat in redacpse la 15 septembrse 1972 )
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OTHOCHMTEJIBHO PA3BUTHSI KO3OPHMUIHMEHTA TEIVIONIPOBOIHOCTH I10
MAPAMETPY « TEOPUH IMEPTYPBALIHMH

(PeswomMe)

Ha ocHoBe TeopHH nepTypGalHH, NPEMeHeHHOR K (GOpMyJie aBTOKOPe/JISUHHM TPAHCIOPT-
HHX KOS(O)HUHEHTOB BLIMHCJAEHO ORHO DPa3BHTHe B NapaMeTpe a AAS TeIJIONPOBOJHOCTH A
31O pa3sBHTHE COAEDPKHT PS5 TEPMHHOB, BLIPAXKEHHLIX B 3aBHCEMOCTH OT MOJIEKYJASPHLIX CBOACTL
paccMOTpeHHOH JXHJAKOCTH 3HayeHHe BHIPAaKeHHs, NOJYYEHHOTO M/ A, 3aKJMIOYACTCS B TOM,
4T0 K HEMY MOXHO NMPHMEHHTb METOJ MONEKYIADHBX RHHAMHK A7 apeKTHBHOrO BEIMHCJEHHS
TEeIIonpOBOJHOCTH

CONSIDERATIONS ON THE EXPANSION OF THE THERMAL
CONDUCTIVITY AS AN « PARAMETER FUNCTION OF THE
PERTURBATION THEORY

(Summary)

An «-expansion for the thermal conductivity, with the aid of the perturbation theory
applied to the autocorrelation formula of transport coefficients, is obtained here. This «-
expansion for A has some terms which are expressed in terms of the molecular dynamics data.
The obtained expression for A is important because it allows applying the molecular dynamies
method to evaluate the thermal conductivity






STUDIUL VITEZEI DE PROPAGARE A UNDELOR ULTRASONORE
IN ALCOOLI PRIMARI SI IN AMESTECURILE LOR (II)

C. STETIU

Studiul alcoolilor a fost intregit in ultimul timp prin cercetarea pro-
prietdtilor acustice ale acestora precum gi ale amestecurilor lor.

In acest sens in [1] s-a studiat viteza de propagare a undelor ultra-
sonore 1n solutii de acid benzoic in alcoolii etilic, propilic, butilic si amilic;
s-au efectuat determindri de vitezd in solu’;ii de glicerini in alcoolii metilic,
etilic si butilic [2] si de alcoo] benzilic in alcool butilic, §i izomerii aces-
tuia [3]. Un numir mare de lucriri este dedicat studiului amestecurilor
de alcooli cu apa, exemplu [4—6], si ale alcoolilor cu tetraclorurd si sulfurd
de carbon, exemplu [7—8] etc.

Lucriri referitoare la studiul acustic al amestecurilor de alcooli primari
sint putine. Astfel Marks [9], Incercind sd lege viteza de propagare
de constitufia chimicd a alcoolilor, a studiat amestecul alcoolului propilic
cu alcoolii izopropilic si octadecilic, iar in [10] s-a studiat amestecul alcool
etilic-alcool metilic.

Scopul lucrdrii de fafd este de a studia viteza gi compresibilitatea
adiabaticd a amestecurilor alcoolului metilic cu alcoolii propilic, butilic,
amilic §i octilic, amestecuri nestudiate pind in prezent, pentru a stabili
o legaturi intre vitezd §i structura intimi a acestora.

Experimental s-a constatat cd, in cazul amestecurilor, viteza se poate
evalua arareori ca o functie lineari de tipul

V= Cq04 + CpUp (1)
de cele mai multe ori respectindu-se legea lui Kudriaviev [11]
v”:cAM“’ 2-]—05——1)3 2

unde v, 51 vy sint vitezele de propagare in componentele pure, ¢4 §i ¢y frac-
fiile molare corespunzitoare celor doud componente, M, §i My masele
moleculare respective, iat M masa moleculard a amestecului. Evident,

M - MACA + MBCB‘

3 — Physica 2/1973
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Compresibilitatea adiabaticd este definiti de expresia

Bot = — - (3)

vip

p fiind densitatea lichidului.

In cazul amestecului a doui lichide 4 si B, daci acestea sint alcituite
din molecule aseminédtoare ca structurd si forfe de coeziune (in sensul ci
forfele de coeziune se pot considera drept media geometricd a fortelor
dintre moleculele componente), rezultd un amestec ideal. Pe baza unui
rajionament termodinamic, Mihailov [12] stabileste cd numai in
cazul amestecurilor ideale este valabild relatia de aditivitate

= X ”aBi

unde B reprezinti compresibilitatea amestecului, iar B, si #, compresibili-
tatea, respectiv fractiunea volumici a componentelor. In cazul amestecurilor
neideale, acelasi autor aratd ci se verificd relatia:

B = ZnB, 1+ Ap (4)

unde AP caracterizeazi neidealitatea amestecului. In cazul cind AR =0
amestecurile sint ideale, deci interactiunea moleculari intre moleculele de
aceeasi naturd, este de acelagi ordin de mirime cu interacfiunea intre
moleculele de naturi diferite. AB > 0 corespunde cazului in care interac-
tiunea dintre moleculele de aceeagi naturd este mai mare decit cea dintre
moleculele de naturd diferitd, iar pentru AP < 0, interactiunea dintre
moleculele de aceeasi naturd este mai micd decit interacfiunea dintre
molecule diferite

Procedeul experimental. Viteza de propagare in amestecurile studiate
a fost misurati interferometric la frecvenja de 1 MHz + 5§ KHz [13].
Eroarea maximi In evaluarea vitezei este de 0,89,. Masurdtorile au fost
efectuate in intervalul de temperaturd 0—90°C. Densitétile amestecurilor
au fost determinate picnometric, in intervalul de temperaturd 10—80°C,
date asupra acestor amestecuri nefigurind in tabelele internagionale
Eroarea maximi in determinarea densititii este de 0,089%.

Rezultate experimentale. A. Dependenfa de temperaturd a vitezes sune-
tului. In toate amestecurile studiate caracteristicile de temperaturd ale
vitezei sint liniare. Ca exemplu, in fig 1 este reprezentati dependenta
vitezei de temperaturd, pentru amestecul alcool butilic-alcool metilic.
Aceasti dependenti poate fi reprezentatd printr-o ecuafie de forma -

v=(%)t—{—'uo (5)

unde v, reprezintd viteza la 0°C, iar { — temperatura in grade Celsius.
Coeficientul de temperaturd al vitezei este pentru toate amestecurile stu-
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F1g 1 Dependenta viteze: de propagare Fig 2 Dependenta vitezei de propagare
de temperatur#, la diferite concentrath ale de concentratia ¢4 a alcoolului butilic in
alcoolului butilic in alcool metilic alcool metilic, 1a diverse temperaturi.

diate in medie — 3,00, abaterea maximi de la aceastd valoare fiind de 49;.
Relatia (5) se verificd cu o eroare maximi de 1,5%,.

B. Dependenfa witezer de propagare de concentrapre. In fig. 2 sint
reprezentate caracteristicile de concentratie ale vitezei, in amestecul alcool
butilic-alcool metilic. Dependenta vitezei de concentratie, la celelalte ames-
tecuri studiate, este similari cu cea prezentati in fig. 2.

Forma familiei de curbe din fig. 2 indicd o dependentd patraticd a
vitezei de concentratie, de tipul

v = a + bey, + dc

unde v este viteza la concentratia molard c,. Prin metoda punctelor alese
[14] s-au determinat coeficientii @, b, d, pentru izoterma de 30°. Ecuatia
anterioard devine-

v = 1104 + 231,2 ¢, — 103,1 ¢ )

unde coeficientul a = 1104, reprezinti viteza in alcool metilic la 30°C.
Paralelismul curbelor din fig. 2 indicd faptul ci ecuatia (6) este vala-
bild pentrn orice temperaturd, coeficientul ¢ reprezentind viteza v, in

alcool metilic, la temperatura datd. Prin urmare pentru o temperaturd
oarecare ¢, viteza de propagare v in amestecul alcool butilic-alcool metilic,



36 € STETIU

pentru orice concentratie molard ¢, a alcoolului butilic in alcool metilic,
este datd de relatia

v = 9, + 231,2¢, — 103,1 ¢} (7)

Relatii similare sint valabile si pentru celelalte amestecuri studiate. Cu
alte cuvinte, cunoscind caracteristica de temperaturd a vitezei de propa-
gare v, in alcool metilic, se poate determina viteza v, In amestecurile Iui
cu alfi alcooli, pentru orice concentraie molari ¢, a acestora la orice tem-
peraturd ¢, dupd relatiile:

v = v, + 182,7c, — 34,3 i (8)
pentru amestecul alcool propilic-alcool metilic;

v, = Uy, + 308,4c, — 146,8 ¢ 9
pentru amestecul alcool amilic-alcool metilic si

9, = v, + 4742, — 2468 ¢} (10)

pentru amestecul alcool octilic-alcool metilic.

Abaterea maximi a relagiilor (7—10) de la datele experimentale, in
intervalul de temperaturi 0—90°C, este de 0,69,

Spre deosebire de amestecul alcool etilic-alcool metilic, [10], unde se
verificd relagia de aditivitate a vitezelor (1), la amestecurile studiate relatia
(1) d& o abatere pini la 49, pe cind relatia (2) se verifica cu o precizie mult
mai mare, abaterea de la experiment fiind de maximum 0,69%,.

C. Dependenta de temperaturd s1 concentrapre a compresibilitdtin adia-
batice. Din relatia (3) s-a calculat compresibilitatea pentru toate amestecurile
studiate. In fig. 3 si 4 sint reprezentate caracteristicile de temperaturi,
respectiv de concentratie ale compresibilitdfii pentru amestecul alcool
butilic-alcool metilic. Pentru celelalte amestecuri, aceste caracteristici au
o alurd similard

Din fig. 3 se observd cd pentru amestecuri compresibilitatea adiabatica
nu se poate calcula prin aditivitatea compresibilititilor componente. Eva-
luind AP (4) se constatd ci# este negativ, prin urmare in cazul acestor
amestecuri interactiunea dintre moleculele diferite este mai mare decit
interactiunea dintre moleculele de acelasi tip.

Abaterea de la idealitate (AP) creste in valoare absoluti pe mdsurd
ce componenta ¢, a amestecului este un termen mai superior in seria alcooli-
lor primari. Acest lucru se poate explica prin formarea unor complecsi
moleculari cu structurid mixti. Se stie de fapt cd asociafia moleculard a
alcoolilor se datoreste legiturilor de hidrogen. La termenii superiori ai
seriei, legdturile de hidrogen sint mai slabe, deci numirul moleculelor din
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temperaturs, la diferite concentratu ale al- concentrafta ¢4 a alcoolului butilic in alcool

coolului butilic in alcool metilic. metilic, la diverse temperaturi.

complecsii moleculari este mai mic. In cazul form#rii unui amestec intre
alcoolul metilic si un termen superior al seriei, se distrug unele legituri
de hidrogen din complecsii moleculari proprii, formindu-se complecsi
moleculari cu structurd mixta.

(Intrat in redacpie la 22 seplembrie 1972)
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HCCIIENOBAHHE CKOPOCTH PACIMPOCTPAHEHHS YJ/IbTPA3BYKOBBIX BOJIH
B NMEPBHUUHLIX CIIMPTAX M B HX CMECYIX (II)

(PesaomMme)

Hsyuaetcs ckopocTh pacrnpocTpaHeHHs YJAbTPAa3BYKOBLIX BOJH YACTOTOH 1 MITH B chMecsx
METHJIOBOI'O CIHPTa C NMPONHJIOBBM, GYTHJOBEIM, 4MHJIOBBIM H OKTHJIOBBIM CIHPTAaMH B TeMrepa-
TypHOM HHTepBale 0—90°C

YCTaHOBJIEHEl COOTHOIIEHHS, NPH IIOMOIIH KOTOPHIX, 3HAs TEMIIEPATYPHYIO XapaKTepHC-
THKY CKOPOCTH B METHJIOBOM CITHPTE, MOXHO BLIYHCJIHTb CKOPOCTb PACNpPOCTPAHEHHS BO BCex
HayuaeMblX cMecsx Jvist JII0GOA MOJADHOfi KOHUEHTPAalHH M TeMIepaTyphl

£TUDE DE LA VITESSE DE PROPAGATION DES ONDES ULTRA-SONORES
DANS LES ALCOOLS PRIMAIRES ET DANS LEURS MELANGES (II)

(Résumé)

L'auteur étudie la vitesse de propagation des ondes ultra-sonores de fréquence 1 MHz,
dans les mélanges d'alcool méthylique avec les alcools propyliques, butylique, amylique et
octylique, dans l'intervalle de température 0—90°C Il établit des relations & I'aide desquelles,
connaissant la caractéristiqué de température de la vitesse dans 1'alcool méthylique, on peut
calculer la vitesse de propagation dans tous les mélanges étudiés, pour toute concentiation
molaire et toute température.



ETUDE DES SOLUTIONS AQUEUSES D’ACETATE DE MAGNESIUM
PAR LA RESONANCE MAGNETIQUE NUCLEAIRE

ANNA FARKAS et ALEXANDRA CHIFU

Au cours des derniéres années la littérature présente une série de
travaux concernant la solvatation des ioms. Parmi les informations que
la R.M.N. peut fournir a I’étude des solutions aqueuses d’électrolytes, la
détermination du nombre d’hydratation des ions connait des méthodes
directes et indirectes [1—7]

Fratiello et ses collaborateurs [3, 4] ont mis en évidence l'existence
des ions hydratés en solutions aqueuses, en observant, 4 basse température,
la séparation de deux signaux, 'un provenant des protons de l'eau lide
aux divers cations polyvalents, 'autre des protons de l’eau libre. Les
nombres d’hydratation peuvent étre obtenus directement en intégrant les
signaux. Fratiello [4] a trouvé, de cette maniére, un nombre d’hydratation
égal & 6 pour Mg?* dans une solution de perchlorate, 4 basse température,
La méthode a été aussi utilisée a4 'examen des effets isotopiques d’hydra-
tation dans des solutions deutérides [9].

A la température ambiante, par suite de I’échange rapide de protons
entre différents voisinages, les protons de l’eau dans la solution présentent
un seul signal, dont la position — vis-a-~vis de celle d’un standard externe —
change avec la nature, 1a concentration et la température de I'électrolyte.
Ce déplacement chimique peut servir, lui-aussi, & la détermination, cette
fois indirecte, des nombres d’hydratation {5, 7].

La structure de I'eau libre des solutions est considérée pareille a celle
de Teau pure et donc déterminée par l'existence des liaisons hydrogéne.

Conformément au modéle ci-dessus, le déplacement chimique, 8.,
du signal des protons totalisés par ’eau d’hydratation et ’eau libre, peut
étre exprimé par la somme :

s = X8 + Xpdy (1)

ou X; est la fraction molaire de l'eau libre, Xj; — la fraction molaire de
Ieau lide aux ions et §; et 34 sont les déplacements chimiques respectives.
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Si T'on suppose que 3y ne varie pas avec la température, en écrivant Xy
par son expression en A (nombre d’hydratation) et m (molalité de la
solution), on obtient

s s as
h___ﬂ_[_L__s_"lJ;_L, )
ar T | 4T

relation dans laquelle d8;/dT et dd.u/dT représentent les varations des
déplacements chimiques avec la température

Dans les travaux [5, 6, 7] la valeur d3,/dT est considérée égale a
celle de l'eau pure (0,00956 ppm/°C dans le domaine de température
5—95°C), déterminée expérimentalement par Malinowski et ses
collaborateurs [5]. On admet aussi que Uinfluence des anions sur 3, est
incluse dans le premier terme de la somme (1). De cette fagon % repré-
sente un nombre d’hydratation effectif (pour cations et anions ensemble)
On a étudié par cette méthode deux sels de magnésium, en obtenant, pour
le perchlorate, # = 8,0 (7] et pour le chlorure % = 8,2 [6]. '

Le travail abordé, dont nous présentons quelques résultats prélimi-
naires, envisage d’étudier la solution aqueuse de l'acétate de magnésium
par la méthode de la variation des déplacements chimiques avec la tempé-
rature, en utilisant en tant qu’étalon interne le sigunal donné par 'acétate.
(La méthode de Fratiello n’est pas praticable dans ce cas) Nous nous pro-
posons d’examiner U'influence de l'anion sur la structure de 1'eaun libre et,
parallélement, les effets isotopiques & prévoir dans des solutions deutériées

Nous avons utilisé de l'acétate de magnésium de pureté analytique,
sous forme de solution aqueuse 50 pour cent en masse de Mg(CH,COO),
4H,0; de T'eau lourde production soviétique, que nous avons soumise au
procédé de purification par recyclage a 'azote et ensuite 4 ’analyse isoto-
pique interférométrique [10]; de I'eau distillée successivement jusqu’a la
pureté exigée (conductivité électrique maximum 1-10-¢ mho/cm).

Nous avons préparé les échantillons moyennant des mesures de volu-
mes. La contribution de chaque partenaire au bilan matiére a été calculée
en tenant compte de sa densité 4 la température d’emploi Les volumes
d’eau lourde nécessaires pour obtenir des concentrations isotopiques désirées,
ont été calculés d’aprés des équations de bilan isotopique, en considérant
que l'eau distillée et I'eau dans la solution 1initiale d’acétate étaient de
concentration naturelle C’était toujours l'eau lourde qu’on ajoutait la
derniére aux mélanges, en raison de la contamination possible avec de
T'eau atmosphérique pendant des manipulations répétées

La concentration des ions d’hydrogéne dans nos échantillons présentait
une valeur constante (pH = 6,5)

Les spectres ont été obtenus avec un appareillage Tesla Brno, a4 80 MHz.
On discute les résultats obtenus pour les échantillons 1 et 2 — concentra-
tion molale 1,38, — teneur en deutérium 20, respectivement 60 atomes
pour cent. La température, qu'on a fait varier de 22 4 81°C, a été main-
tenue constante pendant les enregistrements, avec une précision de 4- 0,5°C.
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La- variation, avec la température, des déplacements chimiques exprimées
en ppm, est représentée sur la figure. La courbe est en premiere approxi-
mation une droite, & gradient moyen de 0,0087 ppm/°C pour les deux
échantillons. En introduisant cette valeur dans I'équation (2) et en utili-
sant 0,00956 ppm/°C pour 43./dT [5], on obtient 2 = 3,5 et 3,4 pour
les échantillons 1 et 2, respectivement. Certainement, au lieu de 55,5, la
concentration molale de 1'eau dans I’échantillon 1 devient 54,4 et celle
dans 'échantillon 2, 52,5. Ces valeurs petites des 4 peuvent étre interprétées
en admettant P'existence d’un fort processus de formation des paires d’ions.
Mais la courbe expérimentale présente une déviation de la linéarité: le
gradient a basse température, 0,0095 ppm/°C, est supérieur a celui obtenu
3 températures modérées, 0,0078 ppm/°C, ce qui se traduit (éq. 2) par une
variation importante du nombre d’hydratation (entre zéro et 7,2). Nous
trouvons peu probable une telle variation Sil’on relie ces résultats expéri-
mentaux avec ceux de Hindman [8], conformément auxquels la varia-
tion du déplacement chimique de 'eau pure présenterait aussi des écarts
de la linéarité (0,0106—0,0092 ppm/°C dans le domaine de température
donné), on constate (éq. 2) que les valeurs extrémes de h se rapprochent,
en devenant 4,0 et 6,2.

Cette série de données numériques pour h n’est pas suffisamment
concludente en ce qui concerne l'influence des anions sur le déplacement
chimique. Les résultats de Fratiello [3, 4] relevent seulement I'hydra-
tation des cations. I.a mise en évidence des anions hydratés n’a pas été
possible par la R.M.N, vu que de tels complexes sont plus labiles du
point de vue cinétique que les cations hydratés. Les liaisons anion-eau,
similaires aux liaisons hydrogéne existant dans 1’eau pure, influencent

J;d o Echanlillen !
(,DFMJ O Echantitien 2
32 \
& |
Fig 1 Déplacement chimi-
que du signal des protons dans
la solution aqueuse d’acétate e
de magnésium en fonction de
la température
29
284
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Tablsaw 1
as B as
Température s aT Tex:;ﬁira— _Ho
aT o aT
(ppm/°C)

(°c) (ppm/°C) Tichant 1 Yichant 2 (°Q) (ppm/°C) [8]

22--35 0,0095 0,0112 0,0118 —5—410 0,0116

~50 0,0085 0,0101 0,0105 20— 35 0,0106

~70 0,0078 0,0092 0,0097 40— 60 0,0098

premiérement la structure de l’eau libre, donc le premier terme dans la
somme (1).

Si 'on suppose que le cation Mg?t garde un nombre d’hydratation
constant, 6, indépendamment de la température, on peut calculer, en par-
tant de la relation (2), les valeurs réelles de d3,/dT pour les échantillons
8H,O
dT
une image sur le degré de structure dans l'eau libre.

Le tableau contient les valeurs des 43,/dT que nous avons calculées,
pour trois domaines de température, d’aprés nos données expérimentales
On voit que les valeurs semblables apparaissent dans des domaines diffé-
rents de température; par exemple, I'eau libre, entre 22 et 35°C se com-
porte analoguement & l'eau pure entre —5 et +10°C Aux températures
plus élevées cette différence se réduit

L’échantillon plus riche en deutérium présente des valeurs plus grandes
de la d8,/dT (10.-4 ppm/°C), ce qui suggeére un effet isotopique dont 'exa-
mination nous nous la proposons pour I’avenir. On envisage de comparer
les données provenant de plusieurs échantillons & méme concentration de
sel, mais comportant diverses teneurs en deutérium ; de méme, des mesures
paralléles sur des échantillons d’eau pure deutéride sont nécessaires pour
compléter I'étude,

donnés. Ces valeurs, comparées a celles de I'ean pure [8], nous donnent

(Manuscsid regu le 21 seplendre 1972)

BIBLIOGRAPHIE

Connick, R E, Fiat D N, J Chem Phys, 39, 1349, (1963)
Matwiyoff, N A, Taube, H, J Am Chem Soc, 90 2796, (1968)

. Schuster, R E, Fratiello, A, J. Chem Phys, 47, 1554, (1967)
Fratiello, A, Lee, R E, Nishida, V M, Schuster, R E, ibid, 48,
3705, (1968).

Malinowsk:y E R, Knapp, P S, Feuer, B, 1bid, 45, 4274, (1966), 47,
347, (1967)
. Creekmore, R W, Re1lly,

[+>) 5] 0O N =

C N, J Phys. Chem, 73, 1563, (1969).



RMN DES SOLUTIONS D ACETATE DE MAGNESIUM 43

7 Vogrin, F J, Knapp, P S, Flint, W. I,, Anton, A. Higsberger, G,
Malinowski, E R, J Chem Phys, 54, 178, (1971).

8 Hindman, J C, 1bid, 44, 4582, (1966)
9 Farkas, A, Koch, F, Studia Umiv Babes—Bolyai, ser Phys, 1, 75, (1970)
Blaga, L, Blaga, L, Chifu, A, St Cerc Fizicd, 15, 48, (1964); 15, 125, (1964)

STUDIUL SOLUTIILOR APOASE DE ACETAT DE MAGNEZIU
PRIN REZONANTA MAGNETICA NUCLEARA

(Rezumat)

Se studiazd variafta deplaséitn chimice a semmnalului protonic dat de apa din solutie
cu temperatura Rezultatele experimentale obfunute se compard cu rezultatele analoage cunos-

cute dm hteraturd pentru apa purd
Se constatd, cd atit prezenta amomilor cit s1 a deuteriulur ndicd gradul de structura-

lizare al aper hibere din solufie

HUCOIENOBAHHE BOIHbLIX PACTBOPOB AIETATA MATHHY IIPH ITOMOIIN
SIOEPHOIO MATHHTHOIO PE3OHAHCA

(PeswomMe)

Hayuaercs usmeHeHHe XHMHYeCKOTO CABHra NPOTOHHOFO CHMriaja, JAaHHOro BOgoil H3 pac-
TBOpPA, B 3aBHCHMOCTH OT Temneparypsl IlollyueHHble 3KCHEPHMEHTANbHEIE PE3YJLTATH! CPaBHM-
BAIOTCK C AHAJIOTHYHBLIMH Pe3yJibTaTaMH, H3BECTHHIMH B HayuHOl JuTepaType AJA YHCTOR BOKHI

YcTaHOBJIEHO, 4TO KaK NPHCYTCTBHe ANHOHOB, TAaK H NDHCYTCTBHe JelTepHsl MoBhlaeT
CTeleHb CTPYKTYpPANH3alHH CBOGOAHON BOJXLI H3 PacTBopa






O INSTALATIE PENTRU STUDIUL VARIATIEI CU TEMPERATURA
A TENSIUNII SEEBECK IN CONDITII DE VID

VALER CRISTEA

1. Introducere. Cu toate ci fenomenele termoelectrice au fost descope-
rite incd de la inceputul secolului XIX iar unele din aplicajiile lor tehnice
sint deja de mult incetéitenite, in legdturd cu dezvoltarea tehnologiei semi-
conductorilor din ultimii ani aceste fenomene au revenit in actualitate
[1—8]. Misurarea tensiunii Seebeck prezintd atit interes stiinfific — prin
posibilitatea de informare asupra mecanismului de conductibilitate ce ne-o
oferd — cit si interes practic, legat de numeroasele aplicatii tehnice.

In literatura de specialitate existi nu-
meroase descrieri de instalajii pentru studiul - 8 ’
efectulni Seebeck in diferite condifii Majori- ' /
tatea dintre acestea, insid, fie cd sint aplicabile
numai atunci cind dispunem de esantioane /01
mari [4, 5], fie ci permit efectuarea mésuri- G
torilor numai intr-un interval limitat de tem-
peraturd [6, 7]. Instalatia descrisi in [8] pre- ‘
zintd doud inconveniente gi anume : dificultatea \
montirii probelor pe suport si imprecizia de- B
termindrii gradientului de temperaturi prin <
proba, il
Instalatia descrisd aici permite misurarea
tensiunii termoelectromotoare pe probe mici
(incepind cu 4 —5 mm lungime), In conditii

de vid inaintat (10-¢ mm col. Hg) si la tempe-
raturi variind de la 80 la 800°K.

2. Descrierea eriostatului. Criostatul (fig 1),
partea centrali a instalajiel, se compune din
trei parti principale i anume. recipientul exte-
rior (4), imbinat prin §lif cu recipientul interior
(6) s1 suportul probei. Cei doi recipienii sint
construifi din sticld Jena gi la imbinarea lor Flg. 1.

——/4
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inchid un spafiu care
poate fi vidat prin tu-
bul lateral B. Recipien-
tul interior se ingustea-
z4 la partea inferioari,
unde se prelungeste cu
un tub de covar (9), iar
acesta la rindul sdau este
previzut cu un fund de
formi speciald, din cu-
pru (10), de care, prin
tija de porfelan (2), este
fixat suportul probei.
Suportul probei este
de formi cilindricd gi a
fost comstruit din cupru.
Este format din doud
mosoare pe care au fost
montate inc#lzitoarele
Cs si C;, iar intre ele
mosoarele - sint prelun-
gite cu cite o platformi
(1), pe care proba (13),

. fixatd intre doud (cleme
(14),

formeazd un . fel
de punte, Tot supor-
tul este imbricat intr-un
conductor termic, din
cupru- (11), -care in tim-

. pul efectudirii unor ma-

surdtori la ,temperaturi
mai mici decit tempe-
ratura camerei, se fixea-
z4 st pe fundul recipien-
tului Capetele mosoare-

lor: sint prevazu’ce cu

canale prin care con-
ductoarele, protejate in
“tuburi de cuart (12),
, trec pe sub conducto-
rul termic (11) spre cle-
mele " (14).

in fig. 2 este pre-
zentati constructia cle-
melor precum s§i modul

- de fixare a probei (15).
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Din figurd se vede ci fiecare capiit al probei este apdsat de o lameld sub-
fire elasticd, indoitd (8), fixatd prin surubul (9) citre un contact electric
si termic masiv (3), care, In scopul asiguririi unui contact termic, bun
este nituit pe placuta (5). Aceasta din urmai, cu ajutorul gsuruburilor (5a),
este presati cétre platforma (2), de care este izolati electric cu o foifd
de mica (12). Suruburile (7), fixate pe plicutele (5) de piulifele (6), asi-
gurd posibilitatea de reglare a ap#siirii probei pe contacte. Sudura ter-
mocuplului, invelitd intr-o foitd subtire de micd, este presatd de pla-
cuta (4) citre contactul (3), in aga fel incit termocuplul va maisura, cu o
buni aproximatie, temperatura suprafefei probei in regiunea contactului
electric, Pentru a putea avea gradient de temperaturid in lungul probei,
cele doud platforme au fost fixate la distantd de 3 mm una de alta pe o
tiji de porfelan (11).

3. Reglarea temperaturii. Regimul do- -
rit de incilzire a probeai poate fi asigurat
pe de o parte cu ajutorul incilzitoarelor, [
care sint fdcute din fir de cromnichel de
0,15 mm diametru, bobinat in spirald (1)
si introdus in izolator de portelan, iar pe
de altd parte, cu ajutorul peretelui rece S
constituit de fundul recipientului interior.
Ecranele termice (16) reduc pierderile de
cdlduri prin radiatie si ajutd In acelasi
timp la conducerea c#ldurii spre platforme.

Temperaturi joase pot fi realizate tur-
nind azot lichid in recipientul interior
Prin conductibilitate termicd suportul se
riceste pind la temperaturi apropiate de
aceea a azotului lichid din vas. O ricire
mai rapidi se realizeazd daci din exterior,
peste capatul inferior al criostatului, intro-

ducem de asemenea un vas cu azot lichid. .—/@—_

Fird a gribi rdcirea, avem posibilitate si ]:"
efectuim masuritori in timpul ricirii, cici mA !
izolatia termicd dintre cele doud platfor- Ce:

indestuldtor intre capetele probei. In do-
meniul de temperaturi deasupra aceleia a p

E
me asigurd un gradient de temperaturd : 3,
)
azotului lichid, controlul temperaturii se :

asigurd prin schema electrici reprezentati C..
in fig. 8. Incilzitoarele Cg si C; sint ali- SRS
mentate de la stabilizatorul de tensiune T
S. Autotransformatorul Tr permite contro-

lul temperaturii medii la care se desfi- mA

soard experienta, in timp ce prin deplasarea
cursorului potenfiometrului P se asigurd Fig. 3
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gradientul de temperaturd dorit prin probd. La temperaturi apropiate de
aceea a camerei, pentfu ricire, pot fi utilizate — in lipsa azotului lichid —
diferite amestecuri refrigerente. In acest caz o tiji metalici fixati in
recipientul interior [(5), fig. 1], inldturd instabilitatea temperaturii ce poate
apare datoritd formdrii de curenfi de convecfie in amestec.

La temperaturt superioare temperaturii camerei, in scopul evitdrii
topirii cositorului cu care este fixat fundul criostatului, in criostat se pune
apd (eventual cu ghiatd) iar din exterior, in scopul limitdrii incélzirii pere-
tilor recipientului prin radiatie, peste capitul inferior al acestuia este intro-
dus un vas cu apd In cazul cind dorim si atingem temperaturi mai inalte
este indicat si inldturim conductorul termic (11) care leagd suportul probei
de peretele rece. Temperatura limiti ce poate fi atinsd depinde de cali-
tatea izolatorilor electrici folosifi i in primul 1ind a foifelor de mica

4. Circuitul de mdasurd. Atit forfa termoelectromotoare E cit i tem-
peraturile se m#soari cu ajutorul unor compensatoare. In scopul limitarit
transportului de cildurd prin conductori au fost folosite fire subtiri Pentru
masurarea lu1 E, firele de cupru, de 0,1 mm diametru, se leagid la cleme
cu ajutorul suruburilor (14) (fig. 2) Pentru mdisurarea temperaturii se
foloscsc termocupluri de cupru-constantan confecfionate din fire de 0,08 mm
diametru Schema circuitelor de m#surd este reprezentatd in fig. 4

Comutatorul K ne permite si misurdm succesiv temperatura T la
capitul de jos (cald) al probet in raport cu temperatura de 0°C st apoi

~

HI'LTH
El
Const s |
ons m;
= °T
[] 3‘5
h o o NNTH
i J K 2
- el .
4
$
Const,‘ -

Fig. 4.
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diferenta de temperaturd T;_s intre capetele probei. Aceastd metodid pre-
zinti avantajul ci elimind erorile — uneori foarte mari — in determi-
narea corectd a gradientului de temperaturd prin probi. Semnalul E se
misoari pe un al doilea compensator, cici este mai sensibil la variatiile
de temperaturd gi trebuie observat permanent. Contactele C, montate
pentru termostatare intr-o cutie metalici masivi, au rolul de a permite
separarea operativi a pdrfii de circuit din criostat de cel exterior.

5. Concluzii. A fost construiti o instalatie pentru studierea variafiei
cu temperatura a tensiunii termoelectromotoare la semiconductoare, in
conditii de vid inaintat si intr-un interval larg de temperaturd. Masuritorile
se efectueazd In aceeasi instalatie, cu aceleasi contacte electrice pe probi
in intregul interval de temperaturi. Probele pot fi mici, incepind cu 4—5 mm
lungime, §i se monteazd cu ugurintd, prin simpla lor introducere sub cle-
mele suportului. Cunoscind regimul de lucru al incélzitoarelor, temperatura
de lucru doritd poate fi atinsi destul de repede, iar stabilitatea ei este
asiguratd datorita constructiei masive pe care o are suportul probei.

(Intrat in redachre la 9 seplembrse 1972)
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YCTAHOBKA IJ1s1 M3YUEHHUY TEMIIEPATYPHOHM 3ABHUCHMOCTH
HATIPSIPKEHH S 3EEBEKA B BAKYYME

(PeswoMme)

Onucana ycTaHoBKa I/ H3YYEHHsS TEMIePaTypPHOH 3aBHCUMOCTH HanpsieNHs 3ecGeka
NOJMYNPOBOJHAKOBLIX MaTepHajoB HaMmepeHHss Moryt ObiTb NpOBeJEHE! B YCJIOBHAX BHICOKOIO
BaKyyma H B TemmepaTypuoM HETepBase 80—800°K OG6pasuut MoryT HMetb HeGOJbLIHE PasMephl
H JIerKO MOHTHDYIOTCS Ha AepXaTesie o6pasima.

4 .~ Physlca 2/1973
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UNE INSTALLATION POUR I'ETUDE DE LA VARIATION, D'APRES LA
TEMPERATURE, DE LA TENSION SEEBECK DANS DES CONDITIONS DE VIDE

Résumé)

On décrit une installation pour 1'étude de la variation en fonction de la température,
de la tension Seebeck des matériaux semi-conducteurs. Les mesures peuvent étre effectuées
dans des conditions de wvide elevé méme & des températures variant de 80 3 800°K Les

* échantillons peuvent avoir de petites dimensioms, car on peut les monter aisément sur leur
support respectif.



CONCENTRATION PROFILE FOR THE UNSTEADY FLOW NEAR A
ROTATING DISK

IOAN STAN and LIDIA COZMA

The flow over a surface is often accompanied by chemical processes
in which the diffusion of the components to and from surface plays an
important part. In the immediate vecinity of the surface the wvelocity
drops to zero forming a hydrodynamic boundary layer [1, 2, 3].

Recent papers have investigated the flow over surfaces with chemical
reaction taking into account only the ordinary mass diffusion in the boun-
dary layer. It is the aim of the present paper to study the pressure effect
on the diffusion of the profile concentration near a flat disk which
rotates about an axis perpendicular to its plane, in the case of the uns-
teady flow.

For an inviscid and two components fluid the governing equations
are given by the equation of continuity

vo =0 (1)

where o denotes the velocity, the Navier-Stokes equations of motion

T4 @V =——vptwr @)

° |=

where p is the pressure, v the kinematic viscosity and p the density.

If{we denote ¢ to be the concentration or species density of one com-
ponent, the equation of continuity for that component is

%’:- + (@ - y)c = DAc — kAp 3)
where D is the diffusion coefficient and % the barodiffusion coefficient.

The unsteady flow around a flat disk which rotates about an axis per-
pendicular to its plane, with variable velocity in a fluid otherwise at rest
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is described by cylindrical co-ordinates 7, 6, z and the equations (1),
(2) and (3) become

2y (42)
%+v,%v;__+ =y T L (4b)
Do ooty T _y(Zn S0y Lo0_ ) (4c)
%+v,%";e+v,%=—lp"’a{+ (Tr+2e+o5) (9

ve Oc dc 0% 0% 1 9 1 9% 02p
e 4y % v, 2 L9 190 0% (4
oo o =D+ 2+ S TR e

The non slip condition at the wall will be given by the following boun-
dary conditions [4]

2=0, 9,=0, v = or(e)” v,=0;
z—~ 0, v, = ar(e®)™, vy =0,

where m, @ and a are constants For pressure when z — o0 we have from
the potential flow

p = — Lar(e)"[om + a(e™)"]

F4
and for chemical reactions
2=0,¢c=0; 2> 0, ¢ = cx(e™)™

In order to integrate the system (4a) to (4d) it is convenient to intro-
duce the following dimensionless variables

r—v R, z——\/ 'r),t=—T b=2

v, ——-o)\/—F('q, T), vg= Jve (0 1), v,=qvo H(n, T) (5)
w

— % byR2eT [wm + ae"T] + pvoP(n, T)
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The substitution of (5) in (4) give the system

OF L g9 | 2 G2 — berTm + borr] 4+ 2F
aT dn ant

aG oG 0:G
— + H — + 2FG = —
0T + O + o (3)
0H 0H apP 02H
OH , pgOoH __ 0P OH
oT + On an + ont
oF + H _ 9

an
with the boundary conditions

=0 F=0, G = "7, H=0,
N = 0 F = bemT, G =0.
Particular solutions of the boundary layer equations are taken

F = em[fo(n) + filn)e™™ + ...]
G = e"Tgo(n) + gan)e™™ + ... ]

H = — 4e"T[fo(n) + filn)e™™ + ...]
P = 2¢"T ho(n) + ha(m)e”” + ...]

finally having the form [4]

f0=

b
2VYm
fo=0[1— g=2Vm2]

[e-2Vmn — 1] + by

Iy = 2b7 [1; — Vli] -+ const

In the framework of boundary layer theory we assume that concen-
tration depends only on z and ¢. Considering a new variable

c = kpC(z, 1)
we obtain from (4e)
aoc H dC 1 92C © 3P
= 4 = 2= 22 DC 1 QgemT pemT

where Sc =% is the Schmidt number.
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A 2 3 "
Fig. 1

As in the case of the boundary layer theory we take the same solution
C(n, T) = e"T[Co(m) + Ci(n)em™ + ...]

which introduces in (7) gives for the first two approximations

1 I W g
mCO_ECO ;ho + 2am
’ 1 rr
2mCy — 2foCy = = CY — % By 2ab

or after few calculations for the first equation we have
C)' — 4mScC, = 8aSc (1 — m)
with the boundary conditions
17=0 Co=0, C,=0
N = 0, Co=Com C;=0
The first approximation solution is

Co = coo (1 — ¢=2V550) (8
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with the additional condition

Cooy — 287 =1)
m
The concentration profile given by [8] is plotted in figure for Sc¢ = 1
and m = 1 and 4.

The second approximation is given by the equation
C, — 8mScCy = ay + aye=2V» - gue~Vm | g -t VmSe |

+ ‘149_4nv;§ + agn

where a, a,, ... a; are constants. The solutionn of this equation is easy
to find but its contribution is third order because %, the barodiffusion
coefficient, is very little

In this way we succeeded to calculate the barodiffusion effect on the
concentration profile near a disk which rotates about an axis perpendi-
cular to its plane, in the case of an unsteady flow.

= Recerved Septsmber 18, 1972}
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PROFILUL CONCENTRATIEI PENTRU SCURGEREA NESTATIONARA
IN VECINATATEA UNUI DISC IN ROTATIE

(Rezumat)

Se deduce profilul concentratier la scurgerea in apropierea unui disc in rotatle neuni-
form# in cazul unor reacti chimice intre disc gl fluid In acest scop se ia in considerare pe
lingd difuzia datoratd gradientulur de concentratie si cea ddtqratﬁ. efectului barodifuzier.
Se di i o aplicajze pentru numirul lui Schmidt egal cu unitatea 1 m egal cu 1 gi 4.

MMPOOHJIb KOHUEHTPAUUK [JI1 HECTAHHOHAPHOIO TEUEHHA B
|OKPECTHOCTH BPAIAJOIETCCH NHCKA

(PeswMe)

BoiBoguTCH npOdHAL KOHUEHTPALHH NPH TeYeHHH B OKPECTHOCTH HepaBHOMEPHO Bpa-
IAlOIerocsl ARCKA B CJIydyae XHMHYECKHX PeaKIHil MeXIy AHCKOM H uAaxoctelo. [ns stolt
UeJH paccMaTpHBaeTcsi KpoMe AHGdY3HH, BO3HHKINeH BCJeJCTBHe KOHUEHTPALHOHHOrO rpaju-
enta, ¥ auddysns, Bo3pannan adodektom Gapomidysur [aeTcs Takke OAMH NPHMep AnA
yncaa UImupra, pasHoro 1 u aasa m, paBuoro 1 u 4,






ON PHONON LIMITATION OF ORBACH SPIN-LATTICE
RELAXATION

GH. CRISTEA and G. SAMSON

1. Introduction. The influence of the bottleneck effect on Orbach
spin-lattice relaxation has lately been the object of numerous both experi-
mental and theoretical works. So, the papers [1, 2, 3, 4, 5] were dedicated
to the development of the theory of phonon limitation of Orbach spin-
lattice relaxation, while the results of experimental measurements on this
subject were examined especially in the papers [6, 7, 8, 9] So far in
all the existent theories, concerning bottleneck effect in Orbach spin-lattice,
use have been made of the assumption that the first excited orbital level
of the paramagnetic ion is not spin populated at the temperatures at which
the measurements are carried out. This assumption allows an easy lineari-
zation of the coupled system of kinetic equation, written for the spin system
plus phonon system As a result it can be solved without difficulties

The main result of the theory and of the experiment is as follows:
the relaxation rate of Orbach spin-lattice relaxation process decreases
when it is phonon limited, but exponential temperature dependence still
holds. It was also theoretically shown and experimentally established that
the spin-lattice relaxation rate, when phonon limited, depends on the
concentration of paramagnetic ions in sample as well as on the size of the
crystal.

The purpose of this work is to extend the theory of phonon limited
Orbach relaxation process for the case when the first excited orbital level
is populated, but it has a constant population.

2. Theory. Let us suppose that our system is madeup of three sub-
systems * 1. the spin-subsystem — the ansamble of paramagnetic ions incor-
porated in crystal. 2 the phonon — subsystem, represented by the dia-
magnetic lattice of single crystal, containing the acoustic phonons thermally
excited and 3. liquid helium bath, to which the crystal is in good thermal
contact.

The paramagnetic ions we have in mind are of Kramers type and the
crystal symmetry of the host is axial. These assumptions, discussed in [2],
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T (2) make the calculation
AN lcy 1d)Y easier,
‘ Under common
A influence of crystaline

electric field and ap-

. v plied magnetic field
T(1) 7 I6> the pattern of ener-

rmmnfe = - -

V——— la> getic levels of the pa-
' ramagnetic ions is as

shown in figure 1.

By a glance it
can be seen from fi-
gure 1, that the Zeeman splitting of the first excited orbital level is con-
sidered as being so small that it may be assumed to be double degenerated
concerning the spin. The significance of the notations in the figure 1 will
become clear from the text below.

The kinetic ecuations for the spin subsystem are

Fig 1. The energetic levels structure of paramagnetic ions.

Ny = — MWy, + W

(1)

My = — MWy, + 1,19,

where, in contrast with the equivalent system of ecuation in [5] we do
not take n, = 0, but n, = const.

For the phonon subsystem, which is in thermal contact with the spin
subsystem, and whose frequency width T'is comprised between A — 3/2
and A + 3/2, the kinetic equa ions may be written as in [5]

p — fia . P+ — Pﬁ—

T T Iy @
PR R Sied 2

T e T Iy

where p, and p_ are phonon spectral densities at energies A 4- 3/2 and
A — pf2, respectively, in Debye approximation, § the value of Zeeman
splitting, A the crystalin field splitting between ground orbital level and
first orbital excited level and T, is phonon relaxation time presumed small
erongh. By p, and p_ we understand the phonon occupation numbers at
corresponding energies, and index zero means that these occupation num-
bers are taken at thermal equilibrium.
Introducing the notations

N ="H; — H,
N*=n4+nb
N=ﬂa+nb+n5
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and making the approximations

P+ ™ p-=1p
Py~ pl = p,
by +p- =2p,

which hold quite well in concrete experimental conditions, by combining
(1) and (2) we get the coupled system of equations.

n=—Bpn — X B(p, —p)
__ Bp, N—-3s, B , 1 _ ©)
?+_?——_E”—“[—2— pI‘+Tf (py — P-).

The new variables in here are # and (p, — p_) B is Einstein’s coefficient
for transition probability

By solving the ecuation system (8) we got the expression for experi-
mentally observed spin lattice relaxation rate (1/7.us)

The experimentally observed relaxation time, when the relaxation
process is phonon limited, is always longer than when it is not We obtained

! 2(1)( VAT )e—;‘—T @

1 0bs Ty JA =% %3(N — 3,)

whele V 1s the volume of measured crystal, v the phonon propagation speed
m 1t (the speed of sound), and T the liquid helium bath temperature in
Kelvin degree.

3, Discussion of the results. First of all there can be seen a close ana-
logy between our result (4) and the results obtained in [1, 5] using the
approximation #n, = 0, as follows

A

Lo (L R W =0 5
—=f%) %) or 1, (5)
and
! :f( ! )f{i)e_’% for #n, = const (6)
T} ovs N — 3n, Ty ‘

The only difference we found, concerns the dependence of Orbach
spin-lattice relaxation rate on concentration of paramagnetic ions in sample.
The experimental way of obtaining such conditiors when %, # 0, is
rising the temperature of sample so that the thermal excitations of lattice
may keep enough spins on the first excited orbital energetic level. The
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e {Yon Bottlenecked process

~=--Bottlenecked process n. =0

— —--Botllenecked process n.#o0
A[ sec}?

T
"/ (0°K)

Fig 2. Graphical comparison between 5, = 0 and #, = const.
aproxunations.

value of required temperature depends both on studied paramagnetic ions,
on the size of crystalin field splitting, as well as on diamagnetic host in
which the ions are incorporated

According to (4) we expect that at relatively high temperature, where
#, # 0, the concentration dependence of Orbach spin-lattice relaxation
rate is expected to be diminished. This has been already observed experi-
mentally in [3, 8, 9] and is in agreement with the fact that at upper
temperature limit the concentration dependence of spin-lattice relaxation
time must completely cease. This 1s because 1n this temperature limit the
predominant relaxation mechanism becomes the Raman process which
caunot be bottlenecked The number of phonons taking part in energy
transfer from the spin-subsystem to the liquid helium bath is so big that
the phonon temperature does not rise up, during the relaxation process.

In figure 2 we give a diagram which shows the difference between
the three situations

As it 1s known [38, 9] when the dilution of the paramagnetic ions
increases the relaxation rate of a bottlenecked process increases, too. Trans-
ferring a number of paramagnetic ions from the grouud state to the first
excited orbital state has the same effect on the relaxation rate. As can
be seen in figure 2, the bottleneck effect is diminished at high temperature
(n, # 0), as compared to the low, temperature (n, = 0).

(Recerved September 2, 1972)
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ASUPRA EFECTULUI DE LIMITARE FONONICA A RELAXARII
SPIN-RETEA PRIN PROCESUIL ORBACH

(Rezumat)

In lucrare se dezvolti o teorte a efectului de Liumitare fomonici a procesului Orbach
de relaxare spin-retea, intr-o aproximatie superioari, cind populafia primului nivel orbital
excitat nu este nuld c1 constantdi Rezultatele calculelor arati cid in aceasti aproximatie,
care se poate satisface practic la temperatur: relativ ndicate, influenta efectului de limitare
fononicd se diminueazd Aceastdi dimmmuare se manifesti printr-o mai slabi dependenti a
vitezer de relaxare spin-refea Orbach, de concentrafia iomilor paramagnetict in probi.

OB 3¢®EKTE $OHOHHOI'O OTPAHUUEHMHS CITMH-PEIIETOYHOM PEJIAKCAIINH
TIOCPEACTBOM TIPOLECCA OPBAXA

(PesomMme)

B paGote pasBHBaeTcs TeopHs (OHOHHOrO orpaHHueHHs mpouecca Op6axa CrnMH-peméTou-
HOH peMlaKCalMH B BLICUIEH anNPOKCHMAUHH, KOTJA NMONYJSILHES NepBOro Bo36YXKAEHHOTO Op6H-
TaJbHOrO YPOBHSA fABJIAETCS He HYJEBOH, a NMOCTOSSHHOH Pe3yJbTaThl BHIMHCAEHHH MOKa3LBAIOT,
YTO B 3TOH AaNNPOKCHMAIHMH, — KOTOPasi NPAKTHUECKH OCYLIECTBJISETCH MPH OTHOCHTEJILHO
BHICOKHX TeMmnepaTtypax, — BiMssHe 3(dexta (OHOHHOrO OrpaHHUeHHS YMeHbllaeTcd. ITO
yMeHblIeHHe NPosABasAeTcs 6oJiee caaboli 3aBHCHMOCTbIO CKOPOCTH CIMH-PeIETOUHOM peslakcaluH
Op6axa OT KOHUEHTPAllHH NapaMarHATHHIX HOHOB B 06pasue






VITEZA MOLECULARA A SUNETULUI IN SOLUTIILE APOASE
ALE CLORURILOR METALELOR AICALINO-PAMINTOASE

(o D. AUSLANDER si LIA ONITIU

Cercetérile structurii fazei lichide prin metode ultrasonice au permis
stabilirea in mod empiric a unei mirimi independente de temperatura.
S-a constatat ci lichidele ideale, intr-un domeniu destul de larg de tempe-
raturd, se caracterizeazd prin valoarea constantd a raportului dintre coefi-
cientul de temperaturd al vitezei de propagare a ultrasunetului si al densi-
tagii {17:

l.ﬂ/iﬂ=_3,03~_3 (1)
v dt p dt
prin integrare objinind :
= Yv=R (@)
[

Independenfa de temperaturi a constantei lui Rao, precum §i pro-
prietidtile ei aditive si constitutive, oferd posibilitdti de cercetare ale lichi-
delor si solutiilor neideale, prin intermediul abaterilor lui R fatd de
proprietatile mengionate [2], [3], [4].

Lucrarea urmiregte comportarea solufiilor apoase ale clorurilor de:
Mg, Ca, Sr si Ba cu privire la functiile: R = f{¢) si R = f(c).

Procedeul experimental. Pentru determinarea vitezei ultrasunetului
s-a utilizat metoda de difractie [5] iar densitdtile au fost extrase din tabele
de constante {6]. Masuritorile au cuprins intervalul de temperaturd cuprins
intre 15°C si 45°C pentru 4, respectiv 5 concentratii la fiecare solufie, la’
care se mai adaogd valorile corespunzitoare ale apei distilate.

Rezultate experimentale. La toate solutiile §i concetratiile explorate
se constatd nerealizarea independentei de temperaturi a constantei lui
Rao; R cregte aproximativ liniar, in mod analog variagiei acestei mirimi
in cazul apei. Curbele din fig. 1 prezintd pentru ilustrare functiile R = f(f)
obtinute din méisuritorile efectuate in solutii de CaCl,.

Celelalte trei solufii studiate prezintd aceeasi comportare, deosebirile

A

constind numai in privinfa valorilor lui R la temperaturi si concentratii
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identice. Comparativ cu solujiile apoase ale clorurilor metalelor alcaline
se constatd absenfa abaterilor negative crescinde cu concentragia [7].

Variajia lui R cu concentratia este ilustratd in fig. 2 pentru solutiile
de CaCl,, comportarea celorlalte sdruri fiind analoagi.

La toate temperaturile se constatd cresterea cu concentratia a con-
stantei lui Rao, domeniul dilutiilor mari, pind la 0,2 M, se caracterizeazi
printr-o panti variabild, care nu se pune In evidentd in cazul solutiilor de
cloruri alcaline, urmati de respectarea unei liniaritd§i riguroase.

Misura abaterii de la idealitate a solutiilor studiate s-a pus in evi-
dentd cu ajutorul expresiei:

vli3e
Ria = 5+ 3)

Vs Po

considerind temperatura de 15°C drept valoare de referintd., Curbele din
fig. 3, care reprezintd variajia asocierii relative in functie de temperaturd
pentru solutitle de CaCl,, prezintd pante negative, cu deviafii pozitive

1.0%

0990 \

(980 A 3;1

Hal
0975 [0.5M

5 20 25 30 35 4b 45
T —e

Fig 3 Vanafia asocteru relative in funcfie de temperaturd

5 -— Physica 2/1973
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de la liniaritate. Cu excep-
1,25 BaCl {ia concentratiei de 0,5 M,

ably la temperaturi mai mari
de 20°C ordinea curbe-
lor corespunde sensului de

120 crestere a concentrafiei. Se
remarci din nou deosebirea

fatd de comportarea solu-
tiilor apoase ale electroli-
tilor uni-uni-valenti, care
(all,4 Prezintd o ordonare inver-
si a functiilor Ra = f(f)
la cresterea concentratiei.

La temperaturd comns-
tantd R,y cregte liniar cu
concentratia, dupd cum se
vede in fig. [4 in care au
fost reprezentate si solu-

AN

\
&

NaCi|  tiile clorurilor metalelor al-
[— caline la t=20°C. Ordinea
LiCl| asezdriiy dreptelor cores-

100 punde, 'separat pentru ce-
le doud grupe de cationi,
aceluiagi sens al cresterii

0 05 1 15 molff 2  tazei acestora.
C—o Interpretarea rezulta-
Fig 4 Variapa asocteru relative in funcpie de con- telor. Abaterea de la legea
[centratie lui Rao a apei prin creg-

terea lui R, respectiv sci-
derea lui R,y cu temperatura, se explici prin structura ei complexd [8].
in realitate nici nu este de asteptat o alti comportare, avind in vedere
speciile diferite de molecule prezente in api, in concentratii dependente
de temperatura.

Astfel, rezultatele experimentale reflectd modificirile structurale
cauzate de agitatia termicd prin deplasarea echilibrului diferitelor
specili de molecule, care se suprapune asupra efectului normal de cres-
tere a distanfelor intermoleculare. Acelasi mecanism de rupere progre-
sivd a legiturilor de hidrogén explicd cresterea lui R in solufiile apoase
de electroliti.

Actiunile ion-dipol se manifestd atit in sensul efectului agitatiei
termice asupra structurii apei, cit siinvers prin procesul ordondrii mole-
culelor de apd in jurul ionilor prin formarea sferelor de hidratare. Valo-
rile mai scdzute ale asocierilor relative indicate prin pozifia curbei R,
situatd sub cea corespunzétoare apei la dilujiile mari ale solufiilor, de-
monstreazi caracterul predominant al desfacerii agregatelor de apd de
citre ioni faji de efectul opus. Cresterea de concentratie, datoriti nu-
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mirului mai mare de ioni, au drept urmare deplasarea echilibrului in-
favoarea efectului de hidratare.

Proprietitile cationilor sint reflectate prin intermediul lui R,y cores-
punzitor solujiilor diferite Este probabil ca ionii avind numere mai mici
de hidratare si afecteze in mésuri considerabil mai micd legiturile de
hidrogen, solutiile prezentind astfel un grad mai ridicat de asociere. Pe
de alti parte insd, se pare cd rolul determinant i revine sarcinii i nu
dimensiunilor ionilor, dupi cum rezultd din compararea cationilor cu
sarcini diferite, avind raze aproximativ egale.

Coneluzii, 1. Viteza moleculard a ultrasunetului variazi cu tempe-
ratura si cu concentratia in solutiile apoase ale clorurilor metalelor alcalino-
pimintoase.

2. Asocierea relativd scade cu temperatura si creste cu concentratia
solutiilor, corespunzitor sarcinii §i dimensiunilor ionilor.

(Intrat in redacile la 21 septembrie 1972)

BIBLIOGRAFIE

Otohiko Nomoto, J Phys Soc Japan, 21, 4, 569—571, (1966)
Subrahmanian, S V, Acustica, 13, 2, 111, (1963)

Otohiko Nomoto, Bul Chem Soc Japan, 44, 1, 16—19, (19871).
Rao, M. Seshagini, Rao B Ramachandra, Nature, 1961.

Tintea H, Lia Onitiu, Auslander, D, Studia Univ. Babey—Bolyai, ser.
Math -Phys, 1, (1969)

6 Timmermans, I, The Physico-Chemical Constants of binary Sustem, 111, New-York,
1960

7 Auslander, D, Onifiu, I, 7tt Int Congr. Ac, Budapest, 49—53, 1971
8 Otohiko Nomoto, J Phys Soc Japan, 11, 11, 1149—1152 (1956)

Ul e W =

MOJIEKYJISIPHAS CKOPOCTb 3BYKA B BOIOHBIX PACTBOPAX XJIOPHMOOB
IIEJIOUHO—3EMEJIBHBEIX METAJIVIOB

(Peawme)

B pa6oTe H3yuyaercs CBA3b MEXKAY MOJIEKYJISPHOI CKOPOCTBIO YJBTPa3ByKa H TeMIepATypoO#,
COOTBETCTBEHHO KOHIEHTpamHell, B PAfle BOXHEIX PacTBOPOB XJOPHJOB; KOHCTaHTa Pao BhYHC-
JsJ1ach 110 3HAYeHHSM CKOPOCTH PaclpoCTpaHeHHs, onpefle/leHHOR SKCIEePHMEHTaJALHO MEeTOAOM
JaudbhpaKuHH

YeraHoB/IeHO OTKJIOHEHHE BCeX PacTBOPOB OT 3aKOoHa Pao, npuueM OBUIH BHSABIEHH NOCpes-
crBoM R, abdexTn accounandy, xapakTepHhle [ KaTHOHOB H3yYaeMHX PacTBOPOB
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LA VITESSE MOLECULAIRE DU SON DANS LES SOLUTIONS
AQUEUSES DES CHLORURES DES METAUX ALCALINO-TERREUX

(R é sumé)

L’étude traite de la dépendance de la vitese moléculaire de l'ultrason de la température
et la concentration, dans une série de solutions aqueuses de chlorures, la constante de Rao
a été calculée avec les valcurs de la vitesse de propagation détermmée expérimentalement
par la méthode de daffraction

On a constaté l'écart de toutes les solutions de la loi de Rao, mettant en évidence
par lintermédiaire de R , des effets d’association spécifiques aux cations des solutions

étudiées,

1el



O TEORIE STATISTICA A AMESTECULUI TURBULENT
DEDUSA DINTR-UN MODEIL UNIDIMENSIONAI

STELIANA CODREANU

1. Introdueere. In cadrul fizicii fenomenelor neliniare un loc impor-
tant il ocupi studiul turbulentei. Metodele de investigare ale acestui fenomen
sint de reguld metode statistice. Aceste metode insid conduc la o ierarhie
de ecuatii cuplate, In care numirul ecuafiilor este mai mic decit cel al
necunoscutelor Deoarece toate informatiile fizice referitoare la sistemul
turbulent considerat sint continute in aceastd ierarhie, problema centrali
a studiului devine astfel inchiderea ierarhiei de ecuatii. Cu alte cuvinte
problema se reduce la gasirea unor argumente plauzibile atit matematic
cit si fizic, care sd permitd limitarea la un sistem finit de ecuafii cu un
numar finit de necunoscute.

Recent W. P. M. Malfliet [1] a prezentat o metodi de inchi-
dere a ierarhiei aplicind ideile lui N N Bogoliubov [2] la studiul
turbulentei omogene slabe, Metoda sa, care conduce la rezultate intere-
sante, a fost aplicatd pe o ecuatie model unidimensionald in cazul turbu-
lentei hidrodinamice obignuite [3] s1 extinsi apoi la cazul turbulenjei
M.HD. [4].

Un fenomen al cdrui studiu conduce de asemenea la o problemi de
inchidere este acela al amestecului unei cantititi scalare (masi sau cidlduri)
intr-un cimp de vitezd turbulent [5] Aici problema de inchidere apare
datoritd nelinearitdfii in variabilele stochastice, cu toate cd ecuatia de
conservare satisficutd de cantitatea scalarid este o ecuatie liniard. Se poate
astfel stabili usor o analogie intre viteza turbulenji si cantitatea scalard [6].

n cele ce urmeazd ne propunem si utilizim metoda propusi de
Malfliet pentru a stabili ecuatia dinamicd a spectrului cantitdfi scalare.
2. Stabilirea ecuatiilor fundamentale. Fie ecuafia:

a6 a6 0%0
— v ——y3y— =0 1

ot T dx Xc?x" (1)
care descrie comportarea fluctuafiei cantitdfii scalare unidimensionale
0(x, 7) [7]. In aceasti ecuafie y este difuzivitatea moleculars, iar v(%, ¢)-
fluctuafia vitezei.
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Admitem cid o(x, ¢) satisface o ecuafie de tip Burgers:

dv dv o
=4+ v=—y—=0 2
ot + ox Oxt ( )
unde v este viscozitatea cinematici.
Sistemul fizic este astfel considerat incit.

(o(x, 1)) = <B(x, )> =0 (3)

paranteza indicind media pe un ,,ansamblu’’ de fluide

Pentru a analiza fluctuatiile marimilor fizice considerate, se dovedeste
a fi utild introducerea transformérilor Iui Fourier in funcfie de solujiile
ecuatiilor lor linearizate :

+o

Nmﬂ:Sv@@ﬂﬁwﬁ 4)
si
+o
0(x, t) = S 0(k, £)ers—xidf (5)

— 0

cu ok, 8) =v¥(— k& ¢) si 0(k ¢) = 0%(— &, ¢) — conditia de realitate
Existenta acestor transformiri implici admiterea faptului ci toate

fluctuatiile pot fi reprezentate prin unde cu diferste numere de undi %
Admitem de asemenea ci:

vk =01 =06k=01 =0 6)

aceasti condifie exprimind faptul cd avem de-a face numai cu cantitaf
fluctuante care au media spatiald nuli.

Tinind cont de transformadrile (4) si (5), ecuatiile (1) si (2) devin

+co
667(:) = S R'O(R)v(k — R )e— 2 —kEY R’ )
" =00
al(;(t) = :;S v(k')v(k — R')e—WE NG R ®

— o0
La stabilirea ecuatiel (7) am considerat cazul cind v = y, adici numairul
lui Prandtl egal cu unitatea [Pr =~ = 1|. De asemenea am omis aici §1

X
in continuare, pentru simplitate, scrierea dependentei de ¢ a méirimlor 0
i v, aceasta subintelegindu-se.
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Din ecuatia (7) se observid ci variafia in timp a lui 6 (de exemplu a
unei unde termice daci 6 = temperatura) la un %2 dat se datoreste inter-
actiunii neliniare a acestei mirimi cu viteza v la numere de unda diferite.

Sistemul ecuatiilor (7), (8) reprezintd sistemul fundamental in studrul
problemei propuse. Din pdcate insd, sub aceastd formi, ecuajiile de mai
sus nu contin intr-o formd accesibild informatii fizice, astfel cd in conti-
nuare vom introduce in studiu aga numitele functii de unda de corelare de
diferite ordine

3. Functii de undi de corelare. De la inceput am considerat ci
(8(x, t)—(v(x £)y = 0, astfel cd si (0(%, £)) = (v(k, %)) = 0.

Sa consideram acum valoarea medie a produsului a doud asemenea
marimi la acelagi moment ¢ dar in puncte x diferite. Spre exemplu:

{v(x, t)v(x 47, 8)) = R(x, 7, %) 9)

Aceastd funcfie reprezinti o functie de corelare de ordinul doi a vitezei,
iar r este distanfja de corelare. Admif{ind cd sistemul turbulent conmsiderat
de noi este omogen, funcfia R trebuie si fie un invariant fajd de translatia
comuni a punctelor x g1 x 4 », adicé:

R(x, 7,8 = R, t) (10)

Pentru ci de la inceput ne-am situat analiza in spafiul %, este util
si introducem si transformata Fourier a acestei funcfii R:

+c0
R(r, ) = S E(k, H)edk (11)
In aceastd relatie funcfia E(k, £) este o funciie de undi de corelare de

ordinul doi sau o functie spectrala a marimii fluctuante v. Se poate observa
usor cd dacd r = 0, atunci

+
RO, #) = %S E(k, t)dk = %(v(x, )% (12)

— 0

1
2

astfel cd E(k, ) reprezintd o densitate de energie in spatiul %2, adesea in
literaturd fitnd numitd funcfia spectrald a energiei.
In mod cu totul analog vom considera si funcfia spectrald a marimii
0(%, ¢)
+ o

(8(x, )0(x +7,8) = sE (%, t)erdk (13)

— 00
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Se poate ardta usor ci aceste functii E(%, ) si Ey(k, f) satisfac urmitoarele
relatii :

(e~ v(ky, )= v(ky, £)) = E(ky, £)3(ky + ko) (14)
(e~ O(hy, t)e—x% O(ky, 8)) = E (ky, £)S(k, + ky) (15)
sau
((ky)v(ky)) = k1 3(~y + &,) (16)
(e(kl e(kz ) = 1) (k1 + kz) (17)
m care
F(k) = E(k)e> (18)
si
Fo(k) = Eqo(k)e™* (19)

Aparitia functiei 3 in aceste relafti este o consecintd a presupunerii turbu-
lenfei omogene Coreldrile de tipul (6v) le mneglijim aprior: Functiile
Fy, F respectiv Ey, E sint functii reale i pare

In mod similar celor ariitate mai sus se pot defini gi funcf1i de undi
de corelare de ordin mai inalt. Astfel vom avea functii de corelare de
ordinul trei.

(v(ky, )v(ky, t)v(Rs, 1)) = L(Ry, ko, 8)8(Ry + Ry + &) (20)

(O(ky, B)v(ko, £)O(Rs, £)) = S(ky, ko, 8)8(Ry + Ry + kg) (21)
precum 51 coreliri de ordinul patm de tipul * (v(ky, t)o(k,, t)v(ks, 1)v(Ry, 1))
si (O(ky, f)v(ky, t)v(ks, t)0(k, 1)) Corelinle de ordinul patru, conform cu

o ipotezid generahzata a hu Milliongcikov [3] pot fi scrise sub
forma:

(o(ky, 0(ks, B)0(ks, 8)0(ka, 8)) = Glhy, ko, Bg) By + ko + By + Bg) +
+ F(k)F (feg) 3(ky + F2) (ks + ko) +
+ (k) F (k) 8y + o) 3(ky + ko) + (22)
+ F(Ry)F (ke) 8(ky 4 £5) 3(Ry + Fs)
(O(ky, )o(kas D)0(ks, 1) O(ky, 1)y = H(hy, ko, R)S(Ry + ko + By -+ E) +
+ Fo(ko)F(ke) 8(ky + £a) 8(k2 + ki) (23)

Notiunile introduse mai sus permit stabilirea ecuatiei dinamice a
spectrului mérimii 0, care este si scopul prezentei lucrdri. Mentionim ci
toate informatule referitor la spectrul marimit v le considerim cunoscute
si in acest sens facem referire Ja articolul lu1 Malfliet [3].
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Vom arita in continuare cd incercarea de a deduce ecuatia pentru
functia de corelare Fy conduc la o ierarhie de ecuatii, aga cum am anunfat
in introducere.

4. Stabilirea ierarhiei de eeuatii. Plecind de la ecuafia (7) si obser-
vind cd.

5 (k) 1= [ 702, 0k + o R (24

putem scrie:
4
2 p0(ky) 0(ks)] = [_ ! S RO Yo(ky — K) O(Ry)e= @ ~2¥VdR 4 [hy = k,] (25)

Mediind ecuatia (25) st $inind cont de relatiile (17) si (21) avem*

+
o) (ks + Ba) = [—1§k’5(k', hy — B)e~2W kRS (k, - Ry)dR' | 4

(26)
+ [Ry & ko]

Integrind ecuatia (26) in raport cu k, si fiacind apoi schimbarea %, — %,
obtinem :

oF, iy

"';(—k) = [— 18 ES(E, b — k')e—w'*—kk'ﬂdk'] Yk —k] (2
Se observd astfel cd in ccuatia pentru functia de corelare de ordinul doi
a apdrut si func’pa de corelare de ordinul trei S(%’, 2 — %’). Ecuatia pentru
aceastd din urma funcfie de corelare se poate obtine plecind de la ecuatiile
(7) st (8) si observind ci.

o7 [0 (k)] = |22 (k) O(f) | + [y = Ba] +

(28)
Ov{ky)
[ - 00k O
Astfel dupi mediere objinem :
oo
a%(e(kﬁv(kz)e(ka)) = [— 15 ROE ) 0(Ry — K')u(ky) B(ks))e—2xH"—Hike dk] +
- (29)
+ b= Rg] — 22 { (o (F)o(ky — ') B(ky) O(ko) ek~ Rk 1GR’

—®
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Tinind cont de relatiile (21) si (23) ecuatia (29) devine:

+
O3 o a) §(ky o By 4 ) = — (koy(k By —

—®

0S (k,,
ot

+ o
— kg, hy)e 2= kRNY (B b Fy i k)dRy — zS koH(kq, ks —
e
—ky, Rp)e—Bi—kd§(E, 1k, 1+ Ey)dR, — ?S H(kg, by — ko k) X (30)

X e HE—RENG(ky + ko - ka)dho + ihyFo(ke)F(ky + kg)o—2xkthkd 3
X Bty + By + ko) + 1R Folk)F(y 4 ho)e—x0hb3 (R, 4 By + k)
Integrind ecuatia (30) in raport cu Ry $1 apot ficind schimbarea &, — %’
st ky, — kB — &’ obtinem
aS /4, ’ e ' ’ By R
= k. k— k)= ._7,8 RoH (ko &' — ho, b — Bf)e~2ui—~FRidE
400
—1 SkoH(ko, — R — ko k — B) e~mBrmRgh

—

(31)

+c0
S H(ko B — & — ko, ke~ 2W—G-ElkJJE

— 0

— kFo(R)F(k — E')e=-xW—k) 4 k' F (K)\F(k — k)e=2xb"—m

k=

Se observd ugor cd ecuajta (31) pentru funcfia de corelare de ordinul
trei contine si functia de corelare de ordinul patru. Acest procedeu poate
fi continuat la infinit, sistemul de ecuatii ob{inut formind o jerarhie de
ecuafii. Rezolvarea unui asemenea sistem de ecuatii este desigur imposibila,
de aceea in acest stadiu se impune introducerea unor considerente supli-
mentare care si limiteze girul de ecua;u

Atentia noastrd se va indrepta in special spre gésirea ecuatiei care sd
confind numai pe Fy (deci Ey) ca necunoscutd.

5. Ecuatia dinamici a lui Ey(k, ¢). Pentru inchiderea ierarhiei vom
face apel la metoda de dezvoltare a lui Bogoliubov [2]. Aplicarea
acestei metode necesitd introducerea unw parametru formal mic e << 1.
Motivarea considerdrii acestui parametru este datd de faptul cd ne referim
Ja un sistem turbulent slab, in care fluctuatiile sint mici dar in acelagi timp
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suficient de mari pentru ca sd interacfioneze neliniar. Acest fapt ne permite
si presupunem coreldrile duble de O(e), coreldrile triple de O(e?) si aga
mai departe. De aici posibilitatea de inchidere a lantului de ecuatii prin
neglijarea termenilor in care e apare la o putere suficient de mare.
Conform cu aceste considerente gi utilizind o notatie formald [8] in

care operatorul gt se Inlocuieste cu 5‘3— + e ait + €? a—a[ .. , din ecuatiile
(27) si (31) deducem cid: ' ’ :
— In Ofe):
Folk) _ ) (32)
at,
— in Of(e?) -
4+
"%"*) — [— ' S RS, b — k)e-2®-wmdl | £ [k —> — k] (33)

st -
IS,k — &) = — thFo(R)F(k — K)o~ 2¥~m

at,
+ 1R’ Fo(R)F(k — k')e—2—k), (34)
De asemenea este cunoscut faptul [3] cd fn Ofs) si
OF() _ g 35)
Oty

Relafiile (32) si (35) ne permit si considerdm in prima aproximajie
Fo(k) si F(k) independente de £, astfel cd integrind ecuajia (34) in raport
cu t, obfinem solutia particulard -

i Fe(k)F(k _ kl) g“z/.(k’—kk')‘a . i Fe(k')F(k _ kl) g—21(h”—kk’)t° (36)
T 2y K —k

Substituind relatia (36) in ecuatia (33) objinem .

S,k — k) =

+o0 +o0
aFG(k) — l Skl Fy(R)F(k — &) e~ 2x(B—K ¥t p’ + _l_ S 1'% Fo(R)E(R — k) e
At ¥ E—# % E—k

w X e— AR Rt g B! - (37)

la deducerea cireia am tinut cont de paritatea functitlor Fg(k) s1 F(k).
In continuare, trecind la limita & — 1 astfel ci fo, 25,2, . . > ¢ 51
tinind cont de relatiile (18) st (19), ecuatia (37) devine.

+ o 4

OE, (k) 1(,, EoMEk —F) ;,, , 1 , E¢R)Ek — ) 4.,
5 - S - ( RS — 24REq() (38)

"o —w

pentru y =v.
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Kcuatia (38) reprezinti ecuatia dinamicd cdutatd, care mai poate fi
scrisd sub o formi obisnuiti [6]:

E
00 = To(k) — 24 Eq(h) (39)
in care Ty(R) este termenul de transfer.

Se poate vedea astfel cd variatia in timp a spectrului cantitdtii 8 are
loc datoritd transferului acestei marimi, ceea ce conduce la o redistribuire
a miarimii fluctuante pe diferite numere de undid %, precum si datoritd
influentei difuziei moleculare.

6. Concluzii. Plecind de la un sistem de ecuatii unidimensionale pentru
mdérimile 0(x, 8} si v(x, f) si utilizind o metoda similard celei propuse de
Malfliet, am obtinut o ecuatie dinamicd pentru funcfia spectrald Ey(%, ?)
Dacid prin 0(%, ¢) intelegem fluctuatiile de temperaturd, atunci Ey(’, {)
ar putea fi consideratd ca o misurd a neomogemtdtii cimpului termic.
Ecuatia (88) aratd astfel cd variajia in timp a acestei mérimi se datoregte
atlt influentei termoconductibilitd$ii y, cit s1 interactiunii e1r cu energia

cineticd a turbulentei.
(Inirat in redacpse la 24 sanuarie 1973)
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CTATHCTUYECKAS TEOPHUH TYPBYJIEHTHO CMECH, BBIBEOJEHHASI M3 OI-
HOMEPHO#A MOZLEJIM

(Pesome)

ABTOp BLIBOJHT ypaBHeHHe CHEKTpa CKaJfADHOrO KOJMYecTBa, NPHMEHAS METO[, Npenso-
eHHHA MaandaunToM

A STATISTICAL THEORY FOR TURBULENT MIXING DEDUCED
FROM A ONE-DIMENSIONAYL MODEL

(Summary)

Using the method proposed by Malfliet, the equation for the spectrum of the
scalar quantity 1s deduced.



LES AVANTAGES DE LLA MODULATION EN IMPULSIONS
DANS IENREGISTREMENT DE LA DISPERSION ROTATOIRE

EMIL TATARU

La méthode du modulateur Faraday est la plus utilisée pour 'enregistre-
ment de la dispersion rotatoire. Jusqu’'a présent on a utilisé la modulation
sinusoidale qui a l'inconvénient d’introduire des erreurs de mesure maté-
rialisée dans la dépendance de la ligne de zéro de la longueur d’onde. Dans
le but de diminuer ces erreurs, des conditions sévéres sur la purification
spectrale du signal de modulation et sur 'atténuation de la seconde har-
monique s’imposent [1—3].

Dans la note que nous presentons nous montrerons que ces erreurs
peuvent é&tre écartées en utilisant la modulation Faraday en impulsions
rectangulaires symétriques.

Soit 7, — le courant anodique du photomultiplicateur, ¢, — la rota-
tion introduite par I'échantillon, ¢(f) — la rotation variable avec le temps,
causée par le modulateur Faraday et A — une constante, alors, pour des
petits angles prés de 'extinction on peut écrire:

ta = Alep + @p(0) (1)

Dans le cas de la modulation sinusoidale ¢g(f) = ¢,, sin ot (@ — la
pulsation de modulation), en tenant compte que ¢, < ¢, la relation (1)
devient :

Gy = A (é 9% -+ 29,9, Sin of — % g% Cos 2@#) @)

La relation (2) releve la présence indésirable, A la sortie, de la deuxiéme
harmonique, qui est plus puissante que ’harmonique fondamentale propor-
tionnelle & la rotation introduite par 1’échantillon. D’autre part de la
relation (1) on peut observer aisément que si ¢@p(f) contient en plus de
I’harmonique fondamentale la deuxiéme harmonique, on obtient un signal
parasite 4 la pulsation & méme si ¢, = 0. Les erreurs de mesure causées
par l'impureté du signal de modulatmn et par la présence de la deuxi¢me
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harmonique a la sortie dépendent de ¢, qui est fonction de la longueur
d’onde. C'est pour cela que ces erreurs viennent se matérialiser dans la
dépendance de la ligne de zéro en rapport avec la longueur d’onde.

Considérons maintenant que la modulation Faraday og(f) a la forme
des impulsions réctangulaires symétriques avec une composante continue,
qui est égale avec zéro. Le développement en série Fourier est [4]

_sin (2 + ot + . ] 3)

oplt) = [sm ot + L sinBet 4 ... 4
20+
et
() = 7,
En introduisant (3) en (1) on obtient
1’a=A{ ,,,+ Pm [smmt—}——sm&ot—{— .o+

(4)
+

o0 @+ Dot ]}

La relation {4) nous prouve que dans le cas de la modulation en impulsions,
les harmoniques supérieures sont plus petites que la fondamentale et que
pour ¢, =0 lharmomque fondamentale est zéro. Dans le cas ol le signal
de modulation s’écarte de la forme idéale, pour que 7, et en conséquence,
¢% (#) ne contiennent pas ’harmonique fondamentale, it est nécessaire que

pp(f) ait des alternances symétriques. D’autre part il est a souhaiter que
I'écart de la forme réctangulaire soit le plus petit possible parce que dans
ce cas 'amplitude de la seconde harmonique sera petite.

Par conséquent, en utilisant une modulation Faraday, ayant la forme
des impulsions symétriques avec une petite déviation de la forme réctan-
gulaire on écarte les inconvénients de la modulation sinusoidale concrétisés
dans la dépendance de la ligne de zéro en rapport avec la longueur d’onde
I1 faut mentionner le fait que 'utilisation de la modulation en impulsions
crée des conditions de filtrage plus favorables dans le canal du stabilisateur
de courant anodique continu du photomultiplicateur et permet lutili-
sation optimum des dispositifs électroniques de puissance.

En ce qui concerne le rapport signal-bruit, dans le cas de la modula-
tion sinusoidale nous avons [1, 5]

(7). = ® 2;; )

oite — la charge de I'électron et Af représente la bande passante du systéme
d’enregistrement. Pour la modulation en impulsions la valeur efficace du
signal utile est

&PP(P m 4

S n'VZ



LA MODULATION EN IMPULSIONS 74

et la valeur efficace du bruit a 'expression
Ba A|2eA 02 Af

En conséquence

4
( EJ —% /A4 (6)
B/, 3 eAf

En comparant les relations (5) et (6) nous arrivons 4 la conclusion que le
rapport signal-bruit dans le cas de la modulation en impulsions subit une
diminution nonessentielle d’environ 109, par rapport a la modulation
sinusoidale.

(Manuscrst regu le 26 mars 1973)
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AVANTAJELE MODULATIEI IN IMPULSURI LA INREGISTRAREA
DISPERSIEI ROTATORII

(Rezumat)

{ Se arati ci utilizarea modulatter in impulsurs la inregistrarea dispersier rotatorii inlatury
neajunsul modulatiei sinusoidale de dependentd a lumei de zero in raport cu lungimea de
undi, firi a altera sensibil raportul semnal zgomot

[MPEMMYIIECTBA UMITYJIbCHOHA MOLYJ/IALIUH [IPH PETUCTPALUMU
BPAIIATEJIbHOM JTHCIIEPCHH

(Peswome)
[NoxaskBaercst, 9TO NPHMeHeHHe HMAYJBCHOM MOAYJSALMH TPH PerHCTPAUHE BpPamaTeNb-

HOH AHCIIEPCHH YCTpPaHsieT HeJOCTAaTOK CHHYCOHI(MBHOFK MOAYJALKH KaK 3aBHCHMOCTh ﬂyneaoﬁ
JHHHH OT AJIHHH BOJIHEL, HEe H3MEHSs YYBCTBHTENLHO OTHOIUEHHS CHTHAJA-IYM






PROPRIETATILE PATURILOR CILINDRICE DE Ni—Fe DEPUSE
ELECTROLITIC IN CIMP MAGNETIC

P. LAMOTH, I. MUSCUTARIU

1. Introducere. Knner §i Zinn [1], plecind de la consideratiile
teoretice ale lui Néel [2] ¢i Taniguchi [3], au aritat cd unele
proprietati magnetice ale piturilor subfiri de Ni—Fe se datoresc ordondrii
perechilor de atomi de fier. Reluind studiul acestor pituri [4], cu scopul
de a stabili in ce médsurd tensiunile interne gi defectele de structuri pot
modifica energia de activare a rotafiilor perechilor atomilor de fier, ei
ajung la concluzia ci energia de activare trebuie si creasci. Sloomn-
czewski [5] explicd anizotropia gi forma ciclurilor de histerezd a péatu-
rilor subtiri de Ni—Fe prin doui mecanisme, unul pe bazd de tensiuni
si altul bazat pe ordonarea pe o directie a perechilor de atomi de fier.

Unul dintre autori a cercetat [6] structura de domenii gi anizotropia
magneticd uniaxiali indusd — in paturile subjiri nemagnetostrictive de
Ni—Fe sub formi de disc — de cimpul magnetic prezent in timpul depu-
nerilor Bazati pe importanfa obtinerii unor pituri nemagnetostrictive de
Ni—Fe, cu anumite proprietd}i magnetice, potrivite pentru a fi aplicate
in practicd, in lucrarea de fatd ne-am propus sd urméirim modificarea carac-
teristicilor magnetice a piturilor cilindrice nemagnetostrictive de Ni—Fe,
sub influenfa cimpului magnetic prezent in timpul depunerilor.

Piturile de Ni—Fe au fost depuse [7] in cimp magnetic nul sau de
anumite valori, aplicat paralel la suprafata suportilor cilindrici din cupru.
Magnetizarea de saturatie M, s-a calculat cu relajia (8):

M,=K— 1 _.v
o-n-V

unde K = S,/a, V, — volumul probei; # — numdirul de spire din bobina
de sondaj, Y — deflecjia pe verticald a spotului; S, — sensibilifatea deflec-
fiei pe verticald a osciloscopului; @ — constanta instalafiei.

Constanta K s-a determinat experimental prin aplicarea la bornele
integratorului a unei tensiuni cunoscute. Cimpul coercitiv H, si cimpul
de saturatie H; s-au scos din ciclurile de histereza.

6 — Physica 2/1873
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2. Rezultate experimentale. Cimpul magnetic, aplicat in timpul depu-
nerilor, determin3 intotdeauna aparifia axei de ugoari magnetizare paralel
cu cimpul [9]. Aceasta a fost evidentiat prin determinarea directiei de
ugoard magnetizare, atit cu ajutorul magnetometrului de torsiune, cit si

din structura de domenii [6]

In fig. 1 sint prezentate ciclurile de histerezi de-a lungul axei
piturilor depuse in cimp magnetic de diferite intensititi, aplicat coa-
xial cilindrului. Analizind oscilogramele se constati modificarea cicluri-
lor de histerezd sub influenta cimpului magnetic. Diagramele permit de-

B B

Tig 1 a Hy=100e d=073pum, b Hy =

=80e, d= 073 um, c Hz = 500 Oe,

d=086ym, d Hy= 100 Oe, d = 0,67 um,
e Hy =200 Oe, d =057 pm

terminarea variafiei factorului de

o M
remanentd v = —', de rectangu-
M

lanitate R = % , Precum gt a al-

s
tor manimi caracteristice ciclurilor

de histerezd, funcjie de intensi-
tatea cimpului magnetic de de-

punere H, (M, — magnetizarea
remanentd pe direcfia obfinerd
saturafter M) Rezultatele sint

prezentate in tabelul 1 si fig 2,
3si4

Cimpul magnetic H, = 8 Oe
(H; < H,, H, — cimpul de ani-
zotropie), aplicat tot timpul de-
punerii, determind modificarea, ise-
sizabild madasuritorilor noastre, a
magnetizdrii de saturatie M, (fig 1,
asi b) o1 a cimpului de satura-
tie H,, fatd de valorile My si H,
corespunzdtoare piturilor depuse
tn cimp nul. De asemenea nu se
modifici nici remanenta. In ace-
lagi timp cimpul de 8 Qe produ-
ce modificare insemnati rectan-
gularitatii ciclulu1 de histerezi (ta-
belul 1) prin schimbarea cimpului
coercitiv

La depuneri in cimp magnetic
H,>H,(H,=2250 Oe) (fig. 1, ¢, d, e),
acesta determind variafii conside-
rabile, fatd 'de depunerile in cimp
magnetic nul, atit asupra mag-
netizdrii de saturafie, rectangula-
ritdafii si cimpului de saturafie,
it si asupra cimpului coercitiv H..
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Astfel, magnetizarea de saturatie Tabel 1
creste (fig. 2) iar cimpul de sa- 4
turafie scade (fig. 3), tinzind la Probe| Crosimea | H | _ Myj o H.
valori constante pentru cimpuri de TOPEl paturd | (Oe) | 7T g, H,
depunere de peste 200 Oe. Aceste (m)
mdrimi au variajie micd pentru
paturile depuse la 250 Oe faji de . 8";2 g 8’3} g'gé
cele depuse 1a 100 Oe. c 0:86 50 1‘ 0:48

Spre deosebire de acestea, aba- d 0,67 100 | 1 0,58
terea absolutd de la rectangula- e 0,57 200 1 0.75

ritate raportati la cimpul coer-
citiv suferd o sciidere pronuntatd (fig. 4), tinzind la valoarea zero pentru
cimpul de depunere de aproximativ 340 Oe, objinut prin extrapolare.

3. Discutii si eoneluzii. Depunerile in cimpuri mai intense decit cimpul
de anizotropie, fatd de depunerile in cimp egal cu H,, nu determind cresterea
magnetizirii de saturafie i nici ingustarea ciclului de histerezd, ci imbuni-
tdfeste rectangularitatea. Acest rezultat are importan{i deosebitd in gisirea
tehnologiei de obfinere a piturilor cilindrice cu ciclul de histerezi rectan-
gular si anizotropie uniaxiald pronuntati.

Cregterea, pe de o parte a magnetizirii de saturatie, a factorului de
remanenfd §i rectangularitdfii si, pe de alti parte, micsorarea cimpului
de saturatie si ingustarea ciclului de histerezd, este o mdsuri a cresterii
anizotropiei paturilor cilindrice depuse in cimp magnetic.

Aceste rezultate confirmi i completeazi rezultatele objinute prin
alte metode [6] cu privire la posibilitatea ob4inerii, prin depunere in cimp
magnetic, a unor pdturi cu anumite proprietdti magnetice si anizotropie
uniaxiald controlata. Astfel pentru cimpuri de depunere mai mici decit

—

2 ~

J Mso = 48 Gs
//

et -
N
T §

0 100 De 200

depunlre

Fi1g 2. Dependenta magnetizirii relative de saturatie, de cimpul
magnetic de depunere
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1% Hsg =6 Oe
a5 S
S8y
~700 Do 200
Hdepunere ——————faety N

Fig. 3. Dependenta cimpului relativ de saturatie, de cimpul mag-
netic de depunere

valoarea clmpului de anizotropie, modificdrile nu sint importante, ele
determinind doar o ugoard cregtere a anizotropiei [9]. Modificirile se accen-
tueazd, fatd de depunerile in cimp nul, pentru depuneri in clmpuri H; > H, ,
mirimile magnetice se mentin relativ constante pentru aceste valori ale
cimpului de depunere.

Cimpul magnetic aplicat in timpul depunerii determind o orientare

preferentiald a vectorului de magnetizare. Datoritd cuplirii magnetice
intre imperfectiunile refelei sau atomii de fier si magnetizare, direc-
tiile pe care se fixeazd In timpul depunerii atit imperfecfiunile cit s

3

50 700 ‘ O 200
:L/dppunere 1

Fig 4 Dependenfa abaterii absolute de la rectangularitate raportati
la H,, de cimpul magnetic de depunere.
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atomii de fier, pot fi astfel incit si determine o comportare umaxiald de
aranjare.

Deoarece energia de activare a migririi dislocatiilor este micd (11),
aceasta se poate produce si la temperatura camerei. Depunerile in cimp
magnetic terestru sau cimp mai mic decit H, determind orientarea pe o
directie a unui anumit procent de dislocatii. Cimpul magnetic de depunere
mai mare decit H, are un efect mai pronuntat de aranjare a dislocatiilor
care apar in timpul depunerii.

Peste efectul de obtjinere a unei topografii structurale, care faciliteazi
aparifia anizotropiei magnetice uniaxiale, apare gi efectul de dispersie a
anizotropiei, care determind abaterea de la rectangularitate a ciclurilor
de histerezd. Micgorarea sau inlaturarea abaterii anizotropiei locale din
cristale de la direcfia de ugoard magnetizare a paturii in ansamblu, trebuie
sd ducd la mdérirea rectangularitdtii ciclurilor de histerezi.

(Intrat in redacise la 31 martse 1973)

BIBLIOGRAVYIE

ot

Knnei, G, Zinn, W, Int Sympozium on Thin Films, Clausthall— Gottingen, 437
1965

2 Néel, L, J Phys radwum, 15, 225, (1954)

3. Taniguchi, §, Sci Rep Tohoku Umv, A7, 269, (1955)

4 Knner, G, Zinn, W, Phys. Stat. Sol, 17, 323, (1966)

5 Sloonszewski, J, ITEEE Trans. Mag, MAG-4, 1, (1968).

6. Muscutarin, I, Studia Umv. Babes—Bolyai, (sub tipar).

7 Mugcutariu, I, An. Umv Timgoara, 12, 2, (1972)

8 Muscutariu, I, Dizertatie, Univ. Timisoara, 1972

9. Lamoth, P, Muscutariu, I, Z. Angew. Phys, 32, 2, (1971).

10 Laurente, M, Bagrowsks: J, J Appk. Phys, 33, 3S, 1109, (1962)
11 Muscutariu, I, Studu s1 cerc fiz, sub tipar.

CBOHICTBA LHJIMHAPHUECKHMX IUIEHOK Ni—TFe, OTVIOKEHHBIX 3JIEKTPOJIU-
THYECKH B MATHHUTHOM TIIOJIE

(Pesiome)

B paGore npHeefeHL! pe3yJbTaTh! HCCJIEI0OBAHHME, KaCaloOI(HXCS MarHHTHHIX CBORCTB he-
MarHHTHOCTPHKIHOHHBIX INIEHOK Ni—Fe, OTJIOXEHHLIX 5JIEKTPOJUTHYECKH B MarHHTHOM FOJe
PasNHYHEIX HHTEHCHBHOCTeli ITH CBOHCTBA NpETepNeBAIOT 3HAYHTENBHOE H3MeHEHHe Y HJEHOK,
NOJY4eHHBIX B MarHHTHOM I0JIe, GOJIbIIEM, YeM NI0Jle AHH30TPONKHH. H3MeHeHHs OTHeceHbl 3a cyer
MarHHTHOTO B3aHMOJEHCTBHA, NPH NPHIOTOBJIEHHH NJIEHOK, MEXAY HECOBEPLIEHCTBAMH PEIUETKH
HJIH aTOMaMH KeJe3a H HaMarHHYHBaHHEM
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ON THE PROPERTIES OF CYLINDRICAL Ni—Fe FILMS
DEPOSITED ELECTROLYTICALLY IN A MAGNETIC FIELD

(Summary)

The paper presents the results of the researches on the magnetic properties of the
nonmagnetostrictive N1—Fe films formed electrolytically 1 a magnetic field of different
intensities.

The magnetic properties undergo a deep change with the films got in the magnetic
field greater than the amizotropy field.

These changes are assigned to the magnetic couphng between the imperfections of the
net or the iron atoms and magnetization during the process of depostting.



DESPRE CONSTRUCTIA UNUI CONTOR DE FULGERE

STELA GIJU

1. Introducere. Pentru caracterizarea actiunilor de descirciri electrice
din timpul unei furtuni, este important si cunoagtem numérul descarcéri-
lor electrice generate. Aceste date se pot obtine prin inregistrarea directd
a numirului de descirciri electrice pe un teritoriu oarecare cu ajutorul
unui contor de fulgere. Determinarea centrelor de furtuni se poate face
cu ajutorul radarului meteorologic care identificd §i locul furtunilor pind
la distanja de 250—300 km, sau prin metodele sferix traditionale, dar
din cauza cheltuielilor mari se experimenteazd instalatii mai ieftine cum
sint contoarele de fulgere.

IL. Tipuri de contoare de fulgere. Ia baza constructiei contoarelor
de fulgere st misurarea numirului impulsurilor de tensiune care apar
intr-o rezisten{d cuplatd intre anteni gi padmint, In urma tensiunii electro-
motoare ce se induce la loviturile apropiate ale trisnetului.

Cele doud forme de descdrciri electrice dintr-o furtund, fulgerul si
trisnetul, se deosebesc prin urmirile lor electromagnetice foarte diferite
[1, 2]. Acest lucru se poate observa din tabelul 1.

Tabel 1
Fulger Trisnet
Domeniu privilegiat de frecventd 20—150 kHz 2—15 kHz
Polaritate predomunantd a cimpurtor electrostatice negativ pozitiv
Valoarea medie a intensitdtn cimpului la 100 km 05 v 3 v

distantd T m m
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Din cauza diferentelor mari dintre intensititile cimpului la cele doui
forme de descircdri electrice atmosferice, contoarele de fulgere se proiecteazi
de obicei numai pentru una din ele. Din comparatia prezentati in tabelul 1
se vede ci acest lucru se poate realiza prin doud posibilitdfi de constructie .
alegerea domeniului de frecventd si alegerea polaritdtii la care reactio-
neazd contorul.

In prezent, numirarea trisnetelor se poate face cu doui tipuri prin-
cipale de contoare:

1. Pentru un domeniu de distanje pind la 40 km se poate construi
un contor de fulgere cu tiratron (fig. 1), conform recomandidrii Im
E. T. Pierce. Pentru acest dispozitiv este nevoie de o antend lungi
orizontald cu o indlfime efectivi de 5 m. Din cauza sensibilitdtii mici a
aparatului, tensiunea indusi In antend poate ajunge direct la grila unui
tiratron care funcjioneazi ca un releu. Grila este atit de negativati incit
aprinderea tubului are loc la o tensiune de impuls de 10 V. Deoarece apa-
ratul intréd in funcfiune numai la impulsuri pozitive, el va numira cu pre-
ponderentd impulsurile provocate de trdsnete [1].

2. Pentru inregistrarea trisnetelor produse la distanfe mai mari, de
aproximativ 150 km, A. W. Sullivan si I. W. Wells au con-
struit un alt tip de contor de fulgere (fig. 2). Descircirile sint recepjionate
de o antenad lungd de 20 m, iar un filtru taie frecventele sub 2 kHz gi peste
15 kHz, ceea ce permite ca aparatul si inregistreze preponderent impulsurile
generate de trisnete. Tensiunea amplificatd declangeazd la depésirea umnei
valori prescrise un multivibrator, care furnizeazi un impuls calibrat pentru
actionarea unui mecanism de numdrare [1, 2, 4]. Cu ajutorul circuitului
de etalonare se regleazd precis sensibilitatea.

Fig 1. Contor de tip Pierce.



CONSTRUCTIA UNUI CONTOR DE FULGERE 89

Fralorrire
\1 /
.
5] -~ l> Hutlovrdralor > /77/‘;7/.5//3/-6

Fi1g 2 Contor de tip Sullivan—Wells

TII. Descrierea aparaturii. In vederea inifierii unor misuritori siste-
matice privind studiul distribufiei temporale a descircirilor electrice din
atmosferd, am construit un comtor de fulgere cu tiratron (fig. 3). Antena
de tip baston folositd este previzutd, pentru protejarea impotriva trisne-
telor directe, cu un eclator si padmintata.

La intrarea aparatului, intre anteni si pimint, este conectat eclatorul
cu gaz inert N — 25 care se aprinde la o tensiune mai mare de 100 V,
ceea ce face ca pe grila tubului sd nu ajungi semnale mai mari de 100 V,
conform datelor tubului PIL, 21 folosit in schemi ca releu. ’

Contorul de fulgere se compune din trei circuite : un filtru trece bandsi,
un circuit format dintr-un tub de descidrcare, un condensator de incircare,
un numiritor de impulsuri ¢i sursa de alimentare care este un redresor
stabilizat, iar cel de al treilea circuit este circuitul de etalonare.

Contorul de fulgere prezentat inregistreazi un semnal minim de 6,5 V,
la o tensiune de alimentare de 160 V si o negativare a grilei de — 1,3 V.
Sensibilitatea maximi a aparatului corespunde frecventei de 4 kHz, ceea
ce inseamni, couform tabelului 1, cd aparatul numird cu precidere desciir-
cirile nor-pimint.

In urma misurdtorilor efectuate, a rezultat o razi statistici de acfiune
de 30 km.

O vedere de an-
samblu a aparaturii
este prezentati In
fig. 4. Contorul este
previzut cu citeva
borne de iegire pentru

a se putea conecta
instrumente  pentru
mdasurarea tensiunii
de negativare a grilei,
tensinnii semnalului
din circuitul de ca-
librare, a curentului
anodic. Fi1g 3 Contor de tréisnete construit la Tg -Mures.
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Fi1g 4 Contor de trisnete construit la Tg -Mures.

IV. Rezultate experimentale. In vederea unei stabilitifi mai bune a
aparatului, am lucrat cu tensiunea de negativare a grilei de — 1,5 V, care
corespunde unei sensibilitdti de 10 V, cind tensiunea de alimentare este

160 V.

Contorul inregistreazi zilnic numérul descdrcérilor nor-pamint ince-

PR

LIELOP
5

NUPREYL
k)

20

N S S— L 1 1 l

200 408 80
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pind cu data de 8 iulie 1972.
Citirea datelor s-a ficut intre
orele 8—20 la intervale de 3
ore. Rezultatul inregistrdrilor
efectuate in intervalul 8 1ulie
8 septembrie 1972 este redat in
tabelul 2.

La data de 13 1ulie 1972
dupi-masd, deasupra oragului
Tg. Mures a fost o furtuni pu-
ternicd, care dimineata nu putea
fi previzuti. Dupd cum rezultid
din datele tabelului 2, contorul

a semnalizat aceasti furtuni
incd de dimineata.

Se observi ci numdrul
maxim de trisnete este situat
in intervalul de timp 14—17,

Fi1g 5. Repartifia de frecventd a zilelor
orajoase conform tabelului 2.



Numiirul triisnetelor inregistrate intre 8 VII—8 1X 1972 in jurul oragului Tg.-Mures

Tabel 2

Numdrul trisnetelor inregistrate

intre orele

Numdirul trisnetelor inregistrate

intre orele

Data p Data >
8—11 | 11—14] 14—17! 17—-20 8—11 | 11—14| 14—17| 1720

8 VII 1972 10 32 71 3 | 116 8 VIII 1972 0 0 0 0 0
9 VII 1972 0 0 0 0 0 9 VIII 1972 2 3 1 2 8
10 VII 1972 0 0 9 2 11 10 VIII 1972 1 0 0 2 3
11 VII 1972 0 0 0 0 0 11 VIII 1972 2 0 0 1 3
12 VII 1972 0 0 0 0 0 12 VIIT 1972 0 0 6 8 14
13 VII 1972 23 83 567 99 | 772 13 VIII 1972 0 0 0 0 0
14 VII 1972 0 0 0 0 0 14 VIII 1972 1 0 0 2 3
15 VII 1972 0 9 0 0 9 15 VIII 1972 0 0 3 2 5
16 VII 1972 1 1 0 1 3 16 VITI 1972 0 1 23 5 29
17 VII 1972 11 114 14 42 1181 17 VIII 1972 8 1 56 31 96
18 VII 1972 0 0 2 3 5 18 VIIT 1972 0 1 14 10 25
19 VII 1972 0 0 24 4 23 19 VIII 1972 0 0 35 35 70
20 VII 1972 2 17 123 6 | 148 20 VIII 1972 0 0 0 0 0
21 VII 1972 0 15 78 14 | 107 21 VIII 1972 0 1 2 4 7
22 VII 1972 4 124 386 208 | 722 22 VIII 1972 0 0 0 0 0
23 VII 1972 0 19 32 55 | 106 23 VIII 1972 0 0 0 0 0
24 VII 1972 0 30 51 72 | 153 24 VIII 1972 0 0 0 0 0
25 VII 1972 0 33 19 3 85 25 VIII 1972 0 0 0 2 2
26 VII 1972 0 0 3 337 | 340 26 VIII 1972 6 2 1 0 9
27 VII 1972 0 0 0 0 0 27 VIII 1972 0 0 0 0 0
28 VII 1972 0 0 1 0 1 28 VIII 1972 0 2 1 3 6
29 VII 1972 0 0 0 0 0 29 VIII 1972 0 1 0 5 6
30 VII 1972 0 2 12 6 | 20 30 VIII 1972 3 1 6 64 74
31 VII 1972 0 0 0 0 0 31 VIII 1972 0 0 0 0 0
1 VIIT 1972 0 2 14 5 21 1 IX 1972 0 0 0 0 0
2 VIII 1972 2 6 221 3 | 232 2 IX 1972 0 0 0 0 0
3 VIII 1972 1 1 1. 50 53 3 IX 1972 0 0 0 0 0
4 VIII 1972 0 1 1 1 3 4 IX 1972 0 1 1 26 28
5 VIII 1972 0 0 0 0 0 5 IX 1972 0 0 1 1 2
6 VIII 1972 0 0 0 0 0 6 IX 1972 0 0 4 8 12
7 VIII 1972 0 0 0 0 0 7 IX 1972 0 1 3 1 5
= 77 504 | 1786 ' 1126 | 8.493
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ceea ce corespunde cu datele din literaturd. Minimul numérului de trisnete
este situat in orele de dimineati.

Din datele tabelului 2 se poate construi repartifia de frecventd a
zilelor in functie de numdirul trisnetelor inregistrate (fig. 5) sub forma
unei histograme. La sfirgitul sezonului in care sint frecvente descircirile
electrice atmosferice se va putea face o interpretare statistici detailati
a datelor obtinute cu ajutorul acestui contor de fulgere.

V. Conecluzii. Contorul de fulgere prezentat permite determinarea
frecvenfei descidrcdrilor electrice dintr-o furtunid. Acest parametru poate
fi folosit pentru caracterizarea activit#tii orajoase dintr-un loc geografic
dat. Contorul semnalizeazd de asemenea cu citeva ore mai devreme apro-
pierea furtunii, ceea ce este util in vederea ludrit unor mésuri de protectie.

(Intrat in redacfse la 20 septembrie 1972)
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O CTPOEHHMH CYETUHKA MOJIHHMHA

(PeswmMme)

B paGore onncan caéryuk MoauuH THna [IHpca ¢ paspAmHbIMH JamMnaMH MakcHManbHas
YYBCTBHTelIkHOCTL MpHGopa cocTaBnser 6,5 B, paGouas yacTotra 4KITLH, a pajHyC XeRCTBHSA
30 xM

TIpn6op MoXeT ObITH HCTMOABL3OBAH JJsi HCCJENOBaHHSI BPEMEHHOTO pAacNpejieieHHs 3JeK-
TPHYECKHX Pa3pajoB B aTtMocdepe, IVisi onpeleJeHHs] KOJHYECTBA MOJIKHIL, NOPOXKAEHHLIX ORHOI
Oypell, 1 11 yKasaHHa GypH

SUR LA CONSTRUCTION D’UN COMPTEUR D'ECLAIRS
(Résum )

Le travail présente un compteur d’éclairs de type Pierce & tubes de décharge La sen-
sthilité maximale du compteur est de 6,5 V, sa fréquence est de 4 KHz et son rayon d'action
de 30 km

L’appareil peut &étre utilisé 2 étudier la distribution temporelle des décharges électn-
ques dans I'atmosphére, 4 déterminer le nombre d’éclairs générés pendant l'orage et a sem-
naliser un orage.



CRONICA

MAGNETIC INTERACTIONS IN THE METALLIC SYSTEMS

Abstract of the Doctor Thesis of Physical Sciences presemted by M CRISAN maintained
at the Physics Faculty of the Cluy Umuversity, on February 70, 1973

The first part of the work entitled ’*The instabilities of the conduction electrons in the
transition metals and alloys” 1s devoted to the research of the transition of the conduction
electrons from the normal state m the ordered places 1tinerant antiferromagnetism of the
metals (Cr) and alloys and Kondo state

Using the Bethe-Salpeter integral equation for the vertex function

A A AAA A
I'=1I+4+IGGY
we obtained
1 2 2
T = const. | =2 4 — |p2 — ,Q_) lngi_pﬂ]
2 20 4 Q — 2p,

which is called the Overhauser instability of the paramagnetic state aganst the electron-hole
paurs formation.
For the alloys of the transition metals we pomted out the instability:

,an+(2po—a)]

if wg(h) = w, A
0 — 250 - B) (B) = a0 + P

r'= g‘[l ~ g%2p, — B)
and

2p,
. Q4+ —
g 11—«
I''=g%11-— In if wg(k) = ok®
(1 — 2 0 2po

l—a

« (k) being the dispersion law of the spin waves which generate the itinerant antiferromagne-
tism

The 1nteraction of the conduction electrons with the impurity spins gives rise tojthe Kondo
instability *

oN D 2Tk
1“(0)=——L————K0= i"—m—————+m£ In —
AN at 4 (2RT)R

3 AN x
1+K°——ZK§
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The second part of the work contains a treatment of the ordered phases by means of the
Gorkov anomalous Green functions The Green functions-

2 iy + Ealp) % A A(p)ap
a’ = T & " e afp =
o} + EXp) ol 4 E(p)

obtained from Gorkov system have been used in the calculatton of the order parameter
A(T) which satisfy the equation

- Vm[:ols) € JE T A
| 2n? 2 "/Ez T At 2rT
and wlich m the it 7T < Tp becomes
A(T) = Ay — (2AgmtT) % (1 - ’f'—T) exp — )
A, RT

The Kondo problem has been treated as a phase transition of the second kind and the Green
function for the conduction electrons and quasifermions’ are

Cle) = 1 3 F(o)do’ = .
(w)_m'—;(P)_SO)"—‘m-—‘LS E(P)-—E(P)icu"}oo
3pp’ ~
Dﬁﬂ' () = w — g + 1A €o = Eu = Szitolo

The last part of the work contans a diagramatic method for the calculation of the suscep-
tibility as function of temperature We have obtamed for the magnetic susceptibility of the
itinerant antiferromagnet

. 2‘lw dE[2RT
X()—X03+3S —_—|-
[}

Afr),
cos A2 4 —
\/e + 4137
Iz the paramagnetic domain we obtamned for the susceptibility of the alloys,

(mog/2)® (1 =~ 1 _ dlogT(x)
U = oopr ¢ (2 Z-n.-kT) vhere ¥4 =

For the magnetic susceptibility of the Kondo alloys we obtained

c 1
= |1 -
(T) = xp +3kT[ lnT/Tk]

for the lugh temperature and

N c [1 4 . T,
[ — —_— n-—
D) = x» T PR



for the low-temperature
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The magnetic field dependence of y(f, ») for the Kondo system has been calculated as

«©

0 T) = (s0g)? kT gl A S Woghx
s, = —Ar ——
X Bo8) ogh - sh ko T
0
which becomes

o8 togh

= 2 tgh ——

0 =73 BT

has been obtained
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