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THF, VARICAP DIODES AS TEMPERATURE SENSORS
IN CRYOGENY

GH. CBISTEA, V. IONCU nnd D. STÄMLÄ

Introduction. The measurement and temperature control is the mam 
operation in any cryogenic research as well as m industrial cryogenic equipment. 
For this purpose a number of devices, with temperature effects, have already 
been reported m literature, such as the temperature dependence of the vol
tage on the diode junction at constant current [1], the temperature depen
dence of the voltage on the transistor [2 ], the temperature dependence of 
the resistivity of semiconducting materials [3], and so on The basic requi
rements which these devices should satisfy are the stability and reproducibility 
of their temperature dependent properties In order to meet these requirements 
elaborated technologies, both for obtaining of semiconducting materials as well 
as for welding of the electric contacts have been worked out. To avoid these 
difficult technologies, which can be carried out only m high specialized labora
tories, we have tested as temperature sensors some Romanian made varicap 
diodes So, we have investigated the BB105-109 diodes, designed mainly for 
tuning in the VHF and UHF bands The manufacturing technology for these 
diodes is well known. They are made m associated-groups of three or four in 
such a way that parameter dispersion within the group is low. This is 
necessary m order to satisfy the requirements of high quality temperature 
sensors

The temperature coefficient. As it is well-known, for a directly biassed 
diode, the dependence of the current intensity through the diode junction, on 
the diode voltage, is

where I s is the saturation current at the given temperature, UD-the diode vol
tage, n-a numerical constant whose value depends on the manufacturing techno
logy (n = 0  5 — 1), ç-the electron charge, k-the Boltzmann’s constant, T-the 
diode temperature Since the power of e must be dimensionless, the quantity 
kTjq should have the dimension of voltage Its value, at the room tempera
ture, is

( 1 )

UT= — ~  26mV
я

Replacing UT m (1) it becomes

(2)
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ln  normal working conditions UD ~ IV, so the erro introduced by neglec
ting 1 in (2) is less than 10~8 of the current value through the diode The 
diode voltage is then easily obtained from (2). this beinge

UD = — lnП (3)

For the calculation of the temperature coefficient of the diode voltage 
we must know the temperature dependence of the saturation current through 
the diode junction If I so is the saturation current at a reference temperature 
T 0(= 273 K) then the saturation current at any temperature T  is [4]

I  1 —■L So --
v 'v c /_!_ _ 2_iS,~k~ U'„ T)

where Uc is the internal contact potential difference at junction Replacing (4) 
m (3) we receive

uc I k . ----- - 4----m In
T 0 nq (5)

For T = 77 K, n =  0.5 and m =  1/2, the last term in the square brackets 
is approximately 10-4, thus (5) can be approximated to

UD*  t f « - | Ş - - l n £ | r  ’ (6)
' T  о nq I s0 '

This equation shows that diode voltage must be a linear function of tempera
ture. By taking the derivative versus temperature it follows

Cij1 <w =  A  b  ^
d r  nq Ts0 T 0 (7)

The BB105 diode has the values / s0 ~ 10—10A, — 10—4A and Uc ~ 1 IV.
Replacing these in (7), the value of temperature coefficient of the diode voltage 
will be

aT =  — =  - 1  646 mV/K (8)
d T  1

The measurement of temperature coefficient. To verify the linearity of 
the equation (6), as well as for expenmental determination of the temperature 
coefficient ar , we have made use of circuit shown m figure 1 We have chosen 
such a U-у value that on the one hand the diode current should be small 
enough to avoid selfheating effects, and on the other hand the current should 
be high enough to ensure a voltage drop on the diode of the order of one 
milivolt. First, the bridge is balanced by Pj potentiometer to compensate the 
diode voltage at a given temperature We have done this at Г„ =  77 К, so 
that measured UD value was proportional to the difference T — T Q, between 
working and reference temperature Of course, any temperature which can be 
precisely controlled and measured, can be chosen as reference temperature We 
have investigated the BB105 and BB125 varicap diodes.
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F i g  1 The diagram of the bridge F i g  2 The tem perature dependence of
used for diode voltage measuring the diode voltage

For the measurement of the temperature characteristics each diode was 
wraped, by means of a cupper band, together with one of the weldings of a 
Cupper-Constantane thermocouple (of special composition) and stuck to a 
massive metallic electrod The electrod was then immersed m a dewar vessel, 
contaimng liquid nitrogen To avoid the condensation of water vapours a nitro
gen atmosphere was created m the vessel. The other welding of the thermo
couple was kept m water with ice

A digital RFT, G—1212—010 type voltmeter, having the input resis
tance of 30 MQ, was used for the measurement of the thermoelectric voltage. 
The diode voltage was measured by a TR—1452 type electronic micro voltmeter 
of IMG input .resistance. This equipment enabled us to trace the temperature 
dependence of UD with an accuracy of 10~3K

The temperature characteristics of UD voltage for the investigated diodes 
are shown in figure 2. As it is seen the characteristics are linear within the 
investigated temperature range The slope of the lines in the graphs gives us 
the following values for the temperature coefficients of the diode voltage.

ar (BB105) =  1.63 mV/K
and

ar (BB125) =  1 57 mV/K
These are m excellent agreement with the calculated value, ec (8). These 
results recommend the varicap diodes as temperature sensors for the measure
ment and control of the temperature

(Received March 12, 1979)
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DIODE VARICAP-SENSORI D E TEM PERA TU RĂ  ÎN  CRIOG ENIE
(Rezumat)

în  lucrare se studiază proprietăţile unor diode varicap de fabricaţie românească, ca te r
mometre la tem peraturi cnogenice Se calculează valoarea coeficientului de tem peratură al tensi
unii pe diodă şi se determ ină experimental valoarea lui U m earitatea caracteristicilor de tem pe- 
ta tu ră  şi valoarea mare a coeficientului de tem peratură ale acestor diode le recomandă ca sensor 
de tem peratură cu înaltă  sensibilitate
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MOMENTE' MAGNETICE DOCARE ÎN AEIAJE TERNARE 
PE BAZĂ DE NICHED

C. COREGA şi GH. ILONCA

Introducere. Articole din ultima vreme impun necesitatea revizuirii anu
mitor consideraţii asupra comportării magnetice, în domeniul dezordonat al 
nichelului feromagnetic şi a unora din aliajele sale Se ştie că principala deosebire 
dintre modelul localizat şi cel de bandă se referă la saltul de entropie pe care 
le prezic acestea, la tranziţia ordine-dezordme Cum diferenţa dintre valorile 
prezise de cele două modele este aproape nesemnificativă în cazul nichelului, 
B e c k  şi F l y n n  [ l ] a u  arătat posibilitatea existenţei momentelor mag
netice locale în Ni deasupra temperaturii de tranziţie Prmtr-o analiză pe calcu
lator a datelor experimentale de susceptibilitate magnetică statică au reuşit 
să le fiteze cu o lege de tip Curie-Weiss afectată de o contribuţie în susceptibili
tate independentă de temperatură, peste 1 000 К Constanta Curie astfel deter
minată implică un moment magnetic efectiv \j.ef = gS(S -f- l )1/2 =  1,36 jxB, 
unde y.B este magnetonul Bohr iar S numărul cuantic de spin Considerînd g = 2 
se obţine fiA* =  gS =  0,698 (xB

Ideea a fost preluată d e S  A r a j s ş i J  R K e l l y  [2], care anali- 
zînd comportarea magnetică a aliajelor NiAI, ajung la aceeaşi concluzie

Scopul lucrării de faţă este de a aduce noi argumente în sprijinirea acestei 
idei, studiind aliajele ternare NiCrAl, NiCrTi şi NiMnTi Alegerea acestor aliaje 
nu s-a făcut întîmplător ci datorită faptului că în cadrul aproximaţiei CPA 
(Choerent potential aproxunation), folosită curent în studiul aliajelor magnetice 
dezordonate, acordul cantitativ între calcule şi datele experimentale nu este 
cel mai satisfăcător în cazul aliajelor binare NiCr şi NiMn, la concentraţii de 
peste 5% at impuritate (Cr Mn) [3, 4], necesitînd deci o altă metodă de studiu.

Rezultate şi discuţii. Aliajele studiate au fost obţinute prin topire în arc 
electric în atmosferă de argon Investigarea proprietăţilor magnetice s-a făcut 
pe baza măsurătorilor de susceptibilitate magnetică statică, efectuate cu o balanţă 
de tip Faraday, avînd o sensibilitate de ordinul a IO-8 u e m / g

în  cazul sistemului de aliaje NiCr^Alj,, unde 0 ^ y ^ 9 ,  datele
experimentale au putut fi fitate satisfăcător cu o lege de forma x = x 0-j-----—T — 6p
pentru temperaturi superioare cu aproximativ 200 К  temperaturilor de tran
ziţie Momentele magnetice efective astfel determinate respectă o lege de variaţie 
liniară faţă de concentraţia medie de extraelectrom, aduşi de elemente impuri
tate (fig 1) Pentru aliajele conţmînd 3% at Cr şi 0—9% at Al momentele 
magnetice jr pe atom de mchel, calculate cu ajutorul momentelor magnetice 
efective jxê, variază liniar în funcţie de concentraţia atomilor de aluminiu. 
După cum se vede în figura 2, dreapta astfel obţinută este paralelă cu cea care 
rezultă din măsurători de saturaţie, primele valori fiind superioare cu aproxi
mativ 0,2 y.B faţă de ultimele Duînd în considerare efectul antiferomagnetic 
al cuplajului electronilor localizaţi cu cei de conducţie folosmdu-ne de valorile
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obţinute pentru Ni de către A r a n j s şi col [2] în aliajele de NiAl cu concen
traţia de Ni egală cu cea din aliajele noastre (Ni—Cr—Al) am recalculat momen
tele magnetice obţmînd în final dreapta din mijloc, figura 2 Se observă că 
diferenţa dintre valorile de pe această dreaptă şi cele obţinute din măsurători 
de saturaţie este de aproximativ 0,1 \lb, valoare ce poate fi comparată cu cea

F 1 g 3 Dependenţa mom entului magnetic 
efectiv de concentraţia atomilor de titan  pentru 

aliajul Ni —Cr—Ti
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F ig  4 D ependenţa tem peraturii Curie de concen
tra ţia  atomilor de titan  pen tru  aliajul N i—C r—Ti

F  î g 5 V ariaţia factorului у în funcţie de 
tem peratura Curie

pusă în evidenţă în lucrările [1] şi [2], şi care este interpretată cu o polarizare 
negativă a gazului electronilor de conducţie

Rezultatele asemănătoare s-au obţinut şi în cazul aliajelor NiCrTi con- 
ţmînd 3% at Cr şi de la 0—9% at Ti (fig 3). S-au considerat, în calcule, că 
Ti îşi aduce o contribuţie doar în cadrul amestecului s—d Efectele de ordonare 
magnetică de „short-range" existente şi în cazul aliajelor NiCrAl [5] sínt mai 
puternice în acest sistem de aliaje, lucru ce rezultă din diferenţa de 0,1—0,2 \lb 
între valorile calculate şi momentele de la saturaţie Variaţia diferenţei r̂ecalculat— 
— [̂ saturaţie în funcţie de concentraţia de Ti se poate pune pe baza modificării 
polarizării negative a gazului electronic ca urmare, în principal, a modificăm 
densităţii de stan prin adiţia atomilor de titan

Efectele de ordonare magnetică de „short-range” sínt mult mai puternice 
în cazul aliajelor NiMnTi, conţinînd 3% at Mn şi de la 0—9% at Ti, fapt 
care face ca modelul folosit mai sus să nu poată fi utilizat cu succes la acest 
sistem de aliaje. Din figura 4 se observă că punctele Cune feromagnetice se aşază 
pe un arc de curbă în timp ce momentele magnetice efective şi cele de saturaţie 
prezintă o dependenţă liniară faţă de concentraţia atomilor de titan întrucît 
şi în cazul aliajelor NiTi [6] temperaturile entice se aşază pe un arc de curbă 
rezultă că atomii de Ti sínt cei care determină, în principal, forma dependenţei 
acestora de concentraţia elementului impuritate Se cere a fi menţionată buna 
concordanţă între rezultatele noastre şi cele din literatură Astfel, momentul 
magnetic mediu pe atom de mangan variază de la 2,32 la 1,83 cînd concen
traţia atomilor de titan creşte de la 0 la 75% Dependenţa raportului dintre 
numărul de purtători magnetici din starea paramagnetică şi cei din starea fero- 
magnetică, de temperaturile critice feromagnetice, prezentată în figura 5, atestă 
faptul că explicarea comportării magnetice a acestor aliaje în cadrul unui model 
de bandă rigidă nu este satisfăcătoare

Concluzii. în  urma studiului celor trei sisteme de aliaje pe bază de Ni, 
se pune în evidenţă existenţa momentelor magnetice localizate şi în aliajele ter
nare în acord cu ideile lui B e c k  şi F l y n n  [1], punîndu-se totodată în 
evidenţă prezenţa pînă la temperaturi suficient de înalte efectele de ordonare 
magnetică de „short-range”



10 C COREGA, GH ILONCA

Presupunem că modelul LEBV generalizat de două benzi ar desene 
mai bine din punct de vedere cantitativ rezultatele experimentale în cadrul 
sistemelor ternare pe bază de nichel.

(Received March 14, 1979)
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LOCATED MAGNETIC MOMENTS 
IN  TERN ARY  ALLOYS W IT H  N IC H EL

(Summary)

I t  was determined the tem perature dependence of magnetic susceptibility NiCrAl, NiCrTi 
and NiMnTi ternary  alloys in the concentration range of 1 — 2% a t Cr, Ti, Mn, respectively, 
between 80 — 1 200 К  Magnetic susceptibility da ta  satisfied Cune-Weiss modified low

The study  of these systems have p u t in evidence the existence of the located magnetic mo
m ents in  te rnary  alloys w ith nickel in agreem ent w ith the ideas of B e c k  and F l y n n  (1 ]
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THE USE OE THE KOHN METHOD IN A RE-ARRAN GEMENT
PROBLEM

R. I. CÂÏIIPEANU

Introduction. The use of the Kohn method m elastic collision calculations 
was proven to be veiy fruitful Initially used m nuclear few bodies problems 
[1, 2 ], the method was then extended to atomic collosions, where it gave excel
lent elastic phase shifts when employed with a sufficiently elaborate trial func
tion [3, 4] In spite of this succes m the elastic case, the Kohn method was 
never employed m an atomic inelastic collision calculation We believe that 
this is due to the extension of the calculation rather than some mathematical 
difficulties However, modern, fast computers- can cope with the amount of 
numerical work required m a few bodies inelastic collision calculation

The re-arrangement processes are of paiticular interest among the inelastic 
collisions In atomic physics, such a process is the positronium formation, which 
appears as an interesting feature of the positron collision on both atoms and 
molecules The positiomum (Ps) is a bound state of an electron with a positron 
and has a lifetime before mutual annihilation of about 10—10 sec. when their 
spins are antiparallel (para-Ps) and 10-17 sec when their spins are parallel 
(orto-Ps). These lifetimes are long compared to the collision time, which is 
of the order of 10“ 17 sec Thus, it is meaningful to talk about positronium 
formation by collision

Calculations on positronium foi marion by positrons colliding with hydro
gen atoms are not as numerous as on elastic scattering Earlier work includes 
the Born approximation of M a s s e y  and M o h r  [5] and the impulse 
approximation of C h e s h i r e  [6] B r a n s d e n  and J  u n d l [7] obtained 
formation cross sections m the two state approximation and considered then 
the effect of adding various multipoles of the polarization potential in each of 
the hydrogen and Ps channel Similar calculations have also been performed 
by F e 1 s and M i t t l e m a n  [8] and C o d y  et al [9] More accurate results 
were obtained by D i r k s  and H a h n  [10] and by C h a n  et al [11], [12], 
both formulations giving lower bounds on the R-matrix elements The work 
of Chan et al used the close coupling algebraic method with trial functions 
with up to 26 Hylleraas terms and gave the best s andjriwave results to date 
We intend to use a similar s-wave trial function but within the two channel 
Kohn method In the case of the elastic collision the two methods gave very 
similar results [4]

The trial function. At energies above the Ps formation threshold the posi
tron-hydrogen system wave function ip(rlt r2) can have two distinct asymptotic 
forms
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where r1 and r2 are the positron and respectively the electron coordinates relative 
to the proton, which is considered infinitely massive and fixed at the origin
of the coordonate system, p =  (iq +  ra) 1S the centre of mass coordonate of
the positronium atom , Фн(г2) and 0 Ps(r12) are the hydrogen and the positronium 
ground state wave functions They satisfy the Schrodinger equations (atomic 
system of units)

( ~ v l - ^ + l U H(r2)=0
(2)

( - 2v2, - ^  +  ^ )  фр ,Ы  =  о

and are explicitly given by
Фн(г2) = Ti-'l2 exp ( -  rt)

фPt(Tu) =  (Ötc)- 1/2 exp ( -  y  j ^

The functions F(r1) and G(p) satisfy asymptotically the free particle equa
tions

« +  ä‘№ )  = 0

i ^ v : + i ^ j c ( p ) = o  (4)

where k and К  are the positron and Ps momenta respectively
The total energy of the system is shared differently in the two asymp

totic situations

E  =  A* +  EH =  I  K 2 +  E Ps (5)

and therefore К 2 =  2(/í2 +  EH — EPs) = 2k2 — 1
The s-wave Schrodinger equation of the system (H  — 2?)ф =  0 can take 

two alternative forms due to the asymptotic relations (1)

_  V2 _V2 __—V U V ft +  - +  r>) = 0
fi !

! -  i  Vp2- 2 V 2, -  -  -  -  +  -  +  j  r t) =  0
2 r12 r„ r, 2 2 I

( 6)

They can be rewritten by using (1) and (2) as

_V2v'i — +  -  — £2U(iq, r t) =  0
ri2

- Í V 2' - 1  + 1 - j K ‘h ( r 1, r i) =  0
2 r~ r, 2 I

(7)
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We denote two linearly independent solutions of (7) by ф„, n =  1, 2 Since F 
and G satisfy asymptotically (4) we can write the s-wave components of фя( as •

Фи =  ~  ih (kri) -  R iu M k r ^ l -  е - Хг‘)]ФbW  -

— Д/ -  КгцПо{к ?)(1 — e~Kp) ®ps (riz) +  W=r^C (8)
V 2tt ^1

Ф« =  -  \  / - V o W f i  -  ^ ХГ1)Ф W  +  д / *  t7o(^p)--R№» 0(X p )(l-e -5 p )]x
l  4тг V 2*

X Фр5Кг) +  —x ^  ;̂7j 
V4tt fei

where j/0 and are the Bessel and Neumann wave functions, describing the 
correct asymptotic behaviour of the system and the binomials multiplying the 
functions n0 ensure that every term iu (8) is finite at rx =  0 or p =  0 The 
trial functions (8) differ from the exact wave functions only because of their 
incomplete inclusion of the short range effects A measure of the accuracy of 
ф is given by the number of short range Hylleraas terms y, :

X, =  exp ( -  a.rx -  ßr2) »*»*#■*“ (9)

with Æ, +  lt -j- mt < w, all non-negative integers
Rmnt (m and n =  1, 2) are the Rt matrix elements (the trial symétrie 

reactance matrix) The exact R matrix is related to the S and T-matrix by 
the relations

T  =  — S = l — T
1 -  iR

( 10 )

and to the cross section for the reaction from the channel m to the channel 
n b y .

R
l  -  iR ( П )

where Gmn  is m units of nal and kx = k , k2 = К
The Kolm procedure. The Kohn variational invariant may be written 

as [13].

R,nn =  Rmnt — <  Ф,»< I # — E I Ф», > ,  m, n =  1 or 2 (12)
where the variational R mn differ from the exact values Rmn by a second order 
error term
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(13)

One can simplify the notation by writing

si  —  — jo (k r i) Фн(^г) sa =  Ja{^-9)^Ps{r V2)

сл = — -\Jh .n0{kr^{\ — е~^)Фн{г2) c2 = ~  - y J ^ n 0{K9){ 1 -  е~Ь>)фPs(r12)

Using (13) the variational expression (12) becomes

— Rmnt <  sl/-sl >  Rímelni <  C-iLc-y >  +  Sln2?lm( <  c]ASi >  +
+  <1 s l i c l  >  +  S 2„1?2wí <  C2L s 2 >  -+- $ 2mR 2nt <  S2Z,C2 >  +

+  S 2mS 2n <  s 2L s 2 >  +  R2mtR2nt <  c2Lc2 >  +  (SlmSlH +  S2mSln) <  S j L s !  >  +  

+  +  8lB.R2w<) <  c2-£-s1 >  +  {SzmRlnt +  &2nRlmt) <  s2-i-cl >  +

+  {Rlm/Rlnt +  -̂2mt^2nt) <  c2-̂ el >  +  (Sb»^2n +  S2„,Sln) ( E e> <  S2Z-X, >  +
*

+  E  <  si^Xj > ) +  2SlmS1(l E  e, <  si-£-X. >  +  282,„82я E  ^  <  s2-£-Xj >  +
j • j

+  (Si** 2ni +  -^2mf ̂ ln) E « .  <  C2̂ -X, >  + ( ^ 1ш(̂ 2п +  S2„,-R Ini) E 4  <  ci^X] >  +
* J

+  (&i mR Ini ~Ь -̂ lwiî ln) E * ,  <  ciLx, >  +  (S 2m-̂ 2ni ~f" -^2ffií̂ 2n) E *  <  C2LX) >  +

+  28lw8lnE E  e& <  >  +  2U h E E ^ j  <  X.-̂ Xj >  +
* i ♦ ;

+  2 (8lm82„ +  82m8ln) E  E  <  X.-̂ Xj>}. (14)
» 3

where L = H — E
The Kohn method considers the variations with the linear parameters 

m the variational invariants (12) which are to the first order equal to zero

BRmn _  0 BRmn _  Q BRmn _  Q (15)
8Rm»t Be, dd,

with г and j  =  1, 2, .. N
One can show that the total number of independent equations is equal 

to 2N  +  4._For instance, one can apply Kohn’s procedure (15) to the station
ary forms R xl and f?22 and it is then easy to show that any equation coming 
from R 12 and R 21 is a linear combination of the first 2N  -+- 4 equations.

A convenient way of writing the 2N  +  4 equations is the matrix equation 
A X  =  B, where X  is a column vector containing the variational parameters
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and A and В are a square and respectively a column matrix containing the 
integrals appearing in (14) •

< c xL o Y >  0 ( u h c Y )  0 <c1L Xl> • <FlL XlV> 0 0 R l l t - < c 1L i 1>
<*Л слг> 0 0 R u t <(c2L s i^

0  <c2L cjJ> 0 ( c 2L c sy  0 0 ( c2 .ï-x îy <ca L X N > R u t0 ( c xL c f )  0 0 o <ci^-Zi> <ct L m y R-121 ( sz R ci  У
< « ib x i>  0 <cF ' / i >  0 f '/ .F '/ . i ) <Xi ̂ -x n )  0 0 eN ~  ̂ SF -Z i У

<^i L y ^ y  0 < с Л ; м У  0 <ZAIi Zi> <XaF-XN> 0 0 «N ~ < si L X  N >
0 F 'A '/ . i )  0 F - F  7л ) 0 о < X ibzi> <Zi £ x n > d , - < sa£-Zi>

0 <ci L Z N> 0 ( c 2L X n )  0 о <ZaF-Z i > < X N L X n > d N

After solving the matrix equation (16), the solution X  can be used m the equations 
(14) to obtain the variational values R mn

In  writing (14) and (16) we have used the equations .
<  s,nLsn >  =  <  s „L s „ ,>  <  smLcn >  =  <  cnLsm >
<  cmLcn > = <  cnLcm>  <  snLcn >  =  <  cnLsn >  +  1, (17)

with m ф n and m, n — 1, 2
which are proven m the appendix and can be used as a check on the numerical 
accuracy.

In the second paper on this subject we shall give the results obtained with 
this method for the positronium formation cross sections m hydrogen, together 
with the numerical procedure, accuracy and convergence of the results.

I would like to thank Drs. J. W Humberston and A. H. A. Moussa 
for a few useful discussions on this subject.

Appendix. The integral relations (17) are basically of two types • the 
first one shows the interchangeability of the two long range functions when 
they come from different channels and the second type concerns integrals con
taining asymptotic functions of the same channel.

For the first category let us take the integral relation •

<  s2Lcx >  — <  cxLs2 >  =  0 (Al)

The only part which might not be zero in (Al) is

< s2, — cl >  — <  Cn ~  Y /  ^m=\ m=* 1
with s2 and cx defined in (13)

(A2)
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Applying the Green theorem, the expression (A2) can be written as 

----- ^  ̂ *̂1 |®я^о(^р)Фр« “  [ио(̂ гг)(1 e~Xr‘)]

-  Фнп й{кг,){\ [;0(^ р)фл ] [
•00

(A3)

X ( dr, J ds2 {*„(1 -  е - ^ ) ] 0(К9)ФРз^  Фн -  Фнп 0(1 -  e - ^ ) L  [j0(Ap)POs]
V S  2 2 1

where
A

dsm = nrl, sin QmdQmdtp,„ (m =  1, 2)
The expression (A3) is zero because m any term involved there is an expo

nential function Фн or ФР5 which will be zero as rm — oo
From the two integral relations of the second type let us take

<  s-yLc, >  =  < c1I s 1 >  +  1 (A4)
The integrals <  s,Lcx >  — <  cxLsx >  can be written after the use of 

the equation (2a) and the integration on r2 as

-  j  àrx OoV^o -  »o v ;jo }£  (A5)
V

where the factor (1 — e~Xri) was dropped as it is not influencing the result. We 
can apply the Green theorem in (A5)

Jo 8гх drj j  fl->-oo

and taking only the leading terms as »q—»-oo, (A6) becomes
l

4n
sm! hr! s2^ )

(A6)

(A7)

2тт 7C
1

4tt
о 0

sin 0X dB, =  1

(Received June 6, 1979)
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METODA L U I KOH N  ÎN T R -0  PROBLEM Ă D E R EA R A N JA R E  
(Rezumat)

Metoda lui Kohn are un  deosebit succes în rezolvarea problemelor de ciocnire elastică, dar 
nu  a fost niciodată u tilizată  într-o problemă de ciocnire m elastică Se foloseşte un  caz tipic de 
proces de rearanjare — form area pozitroniului prm  im pact pozitronic pe atom ul de hidrogen — 
pentru  a se tes ta  calităţile metodei lui Kohn într-o problemă m elastică în  această prim ă lucrare 
se formulează m etoda pen tru  o funcţie de încercare conţm înd funcţu de rază de acţiune scurtă 
de tip  Hylleraas şi se reduce problem a1 a rezolvarea unei ecuaţii matriciale 2

2 — Physica — 1/1980
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STUDIUL R.E S. AL [Cu(NH2CH2CH2OH)4]C12 ADSORBIT 
PE Si02 ŞI A120 3

O. COZAIt şl V. ZNAMmOVSCHI

în  lucrarea de faţă ne-am propus un studiu al influenţei suprafeţelor Si02 
şi A120 3 asupra complexului albastru [1] de Cu(II)-monoetanolammă

Silicagelul folosit este fabricat de Malhnchrodt Chemical Works şi notat 
prin ARCC-4/100—200, cu suprafaţa specifică de 600 m2/g, iar alumina este 
de tip Carlo Erba cu suprafaţa specifică de 75 m2/g

Probele s-au obţinut prin impregnarea pulberilor respective timp de o 
oră în soluţii apoase avînd concentraţia de 5 mg/cm3 După uscare în aer la 
70—80 °C pentru înlăturarea excesului de apă, acestea au fost închise în tuburi 

'de sticlă cu diametrul de 1,5—2 mm
Spectrul R E  S obţinut la temperatura camerei pentru probele cu Si02 

avînd un conţinut de ~ 2 monostratun apă (fig. la), indică coexistenţa a două 
tipuri de complecşi unu legaţi de suprafaţa suport, ce dau un spectru carac
teristic fazei solide, îngheţate, şi alţii care pătrund în porii sau cavităţile silica- 
gelului unde rămîne apă în exces, spectrul dat de aceştia fund asemănător 
fazei lichide, soluţiilor apoase Spre deosebire de spectrul obţinut pentru 
[Cu(trien)SCN]SCN absorbit pe silicagel [2], în cazul monoetanolaminei, com
ponenta datorată complecşilor cu mobilitate ridicată este destul de slabă, numă
rul acestora fund mic, probabil datorită dimensiunilor mari ale moleculelor 
de ligand, fapt ce îngreunează pătrunderea lor în cavităţile suportului

Prmtr-o deshidratare suplimentară a probei în aer la 70—80 °C, spectrul 
devine tipic fazei solide, cu liniile hiperfme din banda paralelă rezolvate, ceea ce 
indică o imobilizare a tuturor moleculelor de complex

Forma şi parametrii acestui 
spectru (fig lb) rămîn neschimbaţi 
prin îngheţare la 77 K, ceea ce 
înseamnă că structura şi poziţiile 
complecşilor nu se mai modifică 
semnificativ,

în  cazul utilizării aluminei 
ca suport, spectrele RES obţinute 
la temperatura camerei prezintă o 
anizotropie clară, liniile hiperfme 
din banda paralelă fiind complet 
rezolvate fără o deshidratare su
plimentară (fig 2a) Acest fapt 
arată că în cazul aluminei toate 
moleculele de complex sínt fixa
te de suport datorită suprafeţei 
specifice reduse şi a reţinerii

P i  g 1 Spectrele RBS ale Cu(II)-monoetanolamină 
pe SiOj, la tem peratura camerei (a) — probă cu ~  2 
m onostratun apă, (b) — după deshidratare suplimen

ta ră  (~  1 monostrat)
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unei cantităţi mici de apă -3/2
( ^ 1 monostrat)

Spre deosebire de spectrul 
dm fig lb, în cazul A120 3 apare 
o separare clară între semnalul 
nij = — 3/2 din absorbţia para
lelă şi cel caracteristic absorbţiei 
perpendiculare (fig 2a) Forma 
spectrului rămîne asemănătoare 
şi la 77 К (fig 2b), modificîndu- 
se doar raportul intensităţii celor 
două semnale menţionate mai sus 

Pe lîngă diferenţele obser
vate în forma spectrelor, se con
stată de asemenea şi modificări ale valorilor tensor ului g şi 
perfmă A, în funcţie de suportul utilizat (tabel 1)

pe A120 3 (a) — la tem peratura camerei, (Ъ) — la 77 К

de structură hi-

Tabel 1

Suprafafa suport *11 *L A\\
(10—4 cm-1)

A±
(10-1 cm-1)

a2 Ps S2

SiO, 2,186 2,040 163 19 0,70 0,60 0,52

A1,03 2,245 2,068 188 19 0,86 0,64 0,72

Spectrele RES obţinute, precum şi valorile parametrilor £ц >  g ± >  2,002, 
arată că simetria dominantă a complecşilor adsorbiţi pe cele două suprafeţe 
este axială (Dih) cu electronul paramagnetic în orbitalul d x* -yt.  în  aceste consi
derente, orbitalii moleculari de antilegătură caracteristici stării fundamentale 
şi celor excitate ale electronului 3d sínt [3]

l-Big >  =  aíZ*»_y«— а'Ф0(*2 — у 2) (1)

! B2g>  =  ßdxy~  (1 -  ß2) 2 Фя(*у)

\Et >  =
bdxi -  (1 -  82) 2 Фя(ли)

(2)

(3)

8 d v (1 -  s2)2 ф м
Parametru de legătură ce interviu în (1) —(3) pot fi evaluaţi [1, 3j din 

relaţiile
а2 - . 1 Ip + (gii -  2,002) +  E (g± _  2,002) +  0,04 

ß2 =  -  (gu 2ß-2]- Axy
8 Ха2

( g , -  2,002)
82 =  -  -1 -  -  - -  Д„

(4)

(5)

unde Axy =  AXI =  15 000 cm-1 [ 1 ]
2 Ха2 (6)
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| Z M nh2 ch2ch2oh

M-

O h 2
1 . .M

Cu —M-*y M----- Cu------M ►
!
OH2 Z ______ 2Г____ /

Ы (Ь)
P i g  3 Model structural pentru complecşii adsor

b iţi pe SiOç, (a) şi A1„03 (b)

Diferenţele care apar între parametru RHS şi cei de legătură caracteristici 
complecşilor adsorbiţi pe cele două suprafeţe pot fi explicate pnn suprapunerea 
în' cazul aluminei a unei componente de simetrie Civ peste cea Div (fig 3) 
Datorită suprafeţei specifice reduse, alumina prm uscare reţine o cantitate de 
apă şi radicali OH, fixaţi în general deasupra ionilor Al3+, rămînînd totodată 
ioni 0 2~ în stratul superior descoperiţi [4] Aceştia constituie poziţu favorabile 
de fixare ale moleculelor de complex pe suprafaţa suport, astfel încît alumina 
participă la structura complecşilor adsorbiţi prmtr-un ion O2“ , care le imprimă 
acestora o componentă de simetrie Civ (fig 3b)

Spre deosebire de A120 3 silieagelul reţine la o uscare normală ~ 2 mono- 
stratun apă, fiind astfel posibilă coordinarea a cîte unei molecule H 20  pe direcţia 
Oz [5], atît sub planul xOy, cît şi deasupra lui (fig 3a)

Faptul că în cazul adsorbţiei pe alumină complecşii au o componentă de 
simetrie Civ este demonstrat de valorile mai mari ale constantei de structură 
hiperfină Ă|| [6], precum şi de rezolvarea netă a semnalului mt = — 3/2 din 
banda paralelă (fig 2) Acest semnal este „împins” spre valon mai mari ale 
cîmpului magnetic, iar absorbţia perpendiculară este deplasată spre cîmpun 
mai joase, comportare analogă cu cea întîlnită la complecşii de vanadil ce au 
în general o configuraţie C4„ [7], rezultînd astfel g± (pentru A120 3) >  g± (pen
tru Si02)

Fixarea mai puternică a complecşilor pe A120 3 decît pe Si02 este favori
zată şi de apariţia unor posibile legături între moleculele de ligand bogate în 
electroni şi ionii de aluminiu din stratunle inferioare Datorită acestor legături 
în moleculele de complex are loc o extensie a distanţei Cu—N, ceea ce duce la 
slăbirea gradului de covalenţă al legăturii ar prm creşterea lui a2 de la 0,70 
(pentru Si02) la 0,86 (pentru A120 3)

(Intrat în redacţie la 10 septembrie 1979)
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P  S R  STUDY OP ADSORBED [Cu(NH2CH2CH2O H )JCl2 ON S i0 2 AND A120 3

(S u m m a r y)

I t  has been shown the existence of two complexes on SiO, surface, one of them  is bounded 
by surface and another which moves m  the cages of SiO, In  the case of A1,03 only the first 
type of the complex is formed

On S i0 2 surface, the complexes are bounded by 0 H 2 having D4;, sym metry, while on the 
A120 3 surface these are bounded by O2- ha\ mg a component of C1A sym m etry The bonding is 
stronger on this last surface
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ASUPRA' ECUAŢIILOR DE MIŞCARE ALE PARTICULELOR 
CU MASA DE REPAOS ZERO

Z. GÄBOS

în  teoria cuantică a particulelor libere cu masa de repaos zero şi spinul 
mai mare ca 1/2 pe lîngă ecuaţiile de mişcare propnu-zise se folosesc unele relaţii 
care servesc la selectarea stărilor de polarizare posibile Astfel de condiţii au 
fost date de O L a p o r t e ,  G. E U h l e n b e c k  şi R H Good,  J r  
[1, 2, 5] pentru particulele cu spinul 1 şi 2 în  această lucrare vom scrie con
diţiile referitoare la particulele libere cu spinul 3/2, utilizînd ecuaţiile de mişcare 
de tip Joos-Weinberg.

1 Pentru particulele cu masă de repaos zero şi spinul s avem ecuaţiile [4]

Vectorul de stare Y este compus din vectorii cp şi ■/ cu cite 2s +  1 componente 
Dintre relaţiile (1) numai ecuaţiile

sínt independente. Prima relaţie de sub (3) prm utilizarea expresiilor [3]

unde I  este matricea unitate şi Sk sínt matricele de spin, ne conduce la ecuaţiile

Ymni ii»s ( 1 )

unde matricele y ^ , ^  au următoarea structură [3]

( 2)

(3)

M4 4 =  (-1)*+! I, M u 4 =  * ( - l ) 2s+1 -  Sus

(4)

(5)

Pentru soluţia de undă plană cu impuls p bine determinat

(6)

din (4) şi (5) rezultă

(7)
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prin urmare, pentru cp0 Ф 0, Xo =  0 avem soluţia cu helicitatea pozitivă, pe 
cînd pentru cp0 =  0, Xo ^  0 avem soluţia cu helicitate negativă Prima ecuaţie 
de sub (3) este deci ecuaţia de mişcare care ne conduce la cele două soluţii 
admise pentru particule cu masă de repaos zero Deoarece prima ecuaţie de 
sub (3) ne furnizează proprietăţile particulelor, a doua ne dă unele condiţii 
suplimentare

Avînd în vedere că у4]4 4 =  y]4 4 şi

M k j  4 4 ( _ l ) 2 s  + l ----î----
2s -  1

I ( S aS, +  SA ) - 7 8 w]

în urma eliminării cu ajutorul lui (4) şi (5) a derivatei în raport cu x4 din relaţia 
a doua de sub (3), se ajunge la condiţia

S1 =

2(2s -  о ^k° 6(2s - 1) 1 А 1 2s - 1 8xj
fl
S =

sau 
= 1,

cp, sau X 
cînd

0 0 °1 f  0 0 л (° —г 0
0 0 —г , s2 = 0 0 0 , 53 == * 0 0
0 г OJ 1- г 0 0 lo 0 0

pentru cele trei componente ale lui cp şi x avem

9, =  E, +  гБ.. X, =
Vectorii E şi В satisfac ecuaţiile de mişcare

, p  i ав ,7 ,rot E ------------, rot В: ÿt

- г В %

1 SE  
c dt

şi condiţiile
div E =  0, div В =  0

( 8 )

(9)

( 10)

( И )

( 12)

(4), (5) şi (8) ne furnizează deci rezultatele stabilite de O D a p o r t e ,  
U h l e n b e c k  şi R H Go o d ,  J r  [1, 2]

Pentru particulele cu spinul 2 avem

Sx

'0 0 0 - t  0\ /0 0 - t  o o \
0 O r 0 0 \  /  0 0 0 - г  0 \
o - i  0 0 0 ] ,5 2 =  | г 0 0 0 - î V 3 ) « S3
г 0 0  0i j 3 ]  1 0 * 0 0 0 /
.0 ОО- г л / ЗО/  \0  0гл/3 0 0 /

'0 —2» 0
2г 0 0
0 0 0
0 0 г
0 0 0

(S'il S 22

2g 12

2 g  13 
2gí3

3&зз ,

X =  9*> g u  +  g™ +  gs3 =  0 ,
g i t  ' g J г

0 0''
о о
-г 0
о О
о о.

G. Е.

(13)

(14)
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Utilizînd (8) şi introducînd notaţia gtJ = etJ -)- ibtJ se ajunge la condiţiile

âjL) =  0 , ^ î L  =  0 , г, ]  =  1, 2 , 3  (15)
3X] dxj

Din (4), (5) şi (15) se obţin ecuaţiile de mişcare

'-ikl
Şeii 
S i к

1 Sb„
c dt xkl

8h ,
8x k

l_ de 
c dt

( i e )

Relaţiile (15) şi (16) au fost stabilite de R H G o o d, J  r [5]
2 °. în  cele ce urmează vom stabili condiţii şi ecuaţii de mişcare pentru 

particule cu spinul 3/2 Avem
/  0  -  V 3  0  0 \

0 - 2  0
/  0  V 3  0  0 \

s ‘ =  - î
V3 

0  
V o

0 2 0 
2 0 V3 
0 V3 01

S — — 
2

, s 2 = - V3
2 2 0

l 0
'3  0 0 0\
0 1 0 0
0 0 - 1 0

0 0 0 1-ЗУ

2  o  - V 3
o V3 o !

(8) ne conduce la
f-  s .s , -  -  S3S, +  -  Ф =  o,
( 9 '  3 3 3 2 jd x ,

care ne furnizează condiţiile

8x1 8x2

I 8 8------ г —
8xl dx2

Ф ' Í - -
V3 dxx dXe,

ф  2 5Ф1 =  o
л/3 8v3

Ф4----p - -----1- 1 — Ф2 d—p  —- =  0V3 10̂ ! d x j  д/з 8x3

(17)

(18)

(19)

(20)

în care Ф poate fi înlocuit fie cu <p, fie cu у Utilizînd aceste condiţii pe baza 
relaţiei (5) se ajunge la ecuaţiile de mişcare

(_8____г _ő_\ _  г f_8_____8
Kdxt d x j  л/3 ( 8x! 8x2

1 cp2 =  0 (21)

1 8 , ■  8 \ 1 Í 8 . • 8 
Зл, 8x3 ! V3 \8 x1 dx2

) cp3 =  0 (22)

( 8  ■ 8 \  1 8  ■ 8 \ 
\d x 4 î dx3J <p2 г \ д х1 % d x j

фз =  0 (23)

й  +  , й ) ъ ~ " ^ 3 { й  +  ' й
)ф1 =  о (2 3 ')

(äi + ’5fjtpi_’iäi + is)Фа =  0 (24)

i A - 8x  3 ? 3 ф4 =  0 (24')



ASUPRA ECUAŢIILOR DE MIŞCARE 25

pentru componentele lui cp Dintre ultimele patru ecuaţii putem folosi fie (23), 
(24), fie (23'), (24') Ecuaţiile pentru componentele lui x se obţm în urma unor 
transformări simple Presupunînd că legătura între x Şi ф este dată prm x  ~  M<p*, 
unde M  este o matrice 4 x 4  din (4) şi (5) se ajunge la condiţiile

MSjM“ 1 =  -  Slt M S fM -1 =  S2, MS3M- 1 =  -  S8 (25)
de unde pentru M  rezultă

( ° 0 0 —1\
0 0 1 0
0 - 1 0 0

VI 0 0 0 '

(26)

(Intrat ui ledacţie la 79 septembrie 7979

B I B L I O G R A F I E ,

1 O L a p o r t e ,  G E  U h l e n b e c k ,  Phys R e v , 37, 1380 (1931)
2 R  H  G o o d ,  J r ,  Phys R ev , 105, 1914 (1956)
3 Z G á b o s, Studia Umv Babeş-Bolyai, ser M ath -P hys , f 2 ,  p 85 (1968)
4 Z G á b o s ,  D D u m i t r e s c u ,  Studia Umv Babeş-Bolyai, ser Physica, f 2 ,  p 33 (1972)
5 R  H  G o o d ,  J r , Annals of Phys , G3, 590 (1971)

SU R L ES ÉQUATIONS D E MOUVEMENT DES 
PA RTICU LES D E MASSE D E REPO S ZÉRO

( R é s u m é )

On donne les équations de mouvem ent de type Joos-W emberg pour les particules libres 
de spin 3/2 et on écrit les conditions qui servent à la  sélection des é ta ts de polarisation pour les 
particules de masse de repos zéro
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STUDY ON THE AGEING OF STRATIFIED ELECTRO-INSUDATING 
m a t e r ia l s  BY THE e l e c t r o n  SPIN r e s o n a n c e  m e t h o d

LAVIiVIA СОСШ, A. MARTOX* and AL. NICULA

Introduction. In the composition of stratified electro-insulating material 
used m the construction of high voltage electric machines, beside the inorganic 
skeleton also enter organic substances that suffer degradation m time due to 
the external stresses

In the present paper the results of electron spin resonance (ESR) measure
ments concerning the P 701 electro-insulating material, aged by means of 
thermic stress, are presented The P 701-NID 3376—73 material, made by 
I C.M E -Bucharest, a product based upon mica-paper on delicate glass tissue 
support impregnated with an epoxidic thermongid resin builds up, by means 
of a proper technology, a heatresistmg insulation employed m the construction 
of high voltage electric machines

Experimental results. Using the ESR method we have ascertained the 
appearance of free radicals m the structure of the investigated material, as a 
direct effect of thermic treatment The ESR spectra were recorded with a 
JES-3B spectrometer

Before the ageing, the samples of insulating material exhibits an ESR 
spectrum, shown m the figure 1, which consists of a single line at g =  4 2 This 
line can be attributed to iron ions [1, 2] The same spectrum m characteristic 
for the mica-paper and glass support both before and after their heating

The samples were aged at 225 °C, a temperature higher than the operating 
temperature of the electric machines After every cycle of 5 or 10 hours of 
thermic treatment and cooling of the samples to room temperature, the ESR 
spectra of the samples were recorded As it  is seen from the figure 2, it con
sists of the line at g =  4 2. and a new narrow signal at g =  2 001 E  0 001 
which is typical of free radicals [3]

The intensity of the resonance at g =  2 001 rises with the duration of 
the thermal treatment Because the spectra were recorded at different gams, 
we chose as a criterion of watching the intensification of the free radicals signal, 
the ratio between its intensity, I, and the intensity Г  of the g =  4.2 line of the

1? 1 g 1 E S R  spectrum  of the insulating m aterial 
before the therm ic treatm ent

* In s titu tu l de subingmeri, Reşiţa -
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same sample The depen
dence of the logarithm of 
this ratio m terms of ther
mic treatment duration is 
presented m the figure 3

Discussion. 1 As the
signal of the free radicles 
is not to be found m the 
ESR spectra of the inor
ganic components of the 
P 701 material, we came 
to the conclusion that the 
free radicles appear due 
to the degiadation of the 
structure of the epoxidic 
polymerized resm, as a 
consequence of ageing be
cause of the heat stress

2 The increase of 
free radicle concentration 
with the time interval of 
the heat stress is exponen
tial, three slopes being dis
tinguished (that change), 
tending towards saturation

3 We consider that 
the slope changes from the 
linear variation of ln I/I ' 
depending on the stress 
duration is due to phase 
transition of the amorphous 
polymers [4] Such a 
transition may occur when 
the temperature is proper 
for the molecule to suffer 
an additional motion, while 
the heat expansion creates 
a sufficient free volume so 
that this motion can take 
place The transitions do 
not happen instantaneously 
but after a certain time 
necessary for the polymer 
to reach the equilibrium 
state, corresponding to the 
new situation

F i g  3 Tem perature dependence or the g =  2,00 
line intensity
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4 In coal the stable free radicle concentration increases together with 
the growing of carbon proportion m the material [5 ] , with the heat ageing 
of the polymers, the carbon contained m the electro-insulating material increases 
and leads to the worsening of its dielectric properties

5 Taking into account the above-mentioned facts we consider that the 
saturation of the free radicles concentration may be chosen as a criterion of 
deterioration, m order to determine the lifetime of electro-msultating mate
rials by the accelerated ageing method

(Received November 16, 1979)
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STUDIUL ÎM B Ă T R ÎN IR II M ATERIALELOR ELECTROIZOEATOARE 
P R IN  METODA REZO NA NŢEI ELECTRONICE D E SPIN

(Rezumat)
Prin m etoda R E S s-au investigat m ateriale izolatoare utilizate în construcţia maşinilor electrice 

de înaltă tensiune în  urm a îm bătrîniru forţate a izolaţiilor, prm  tra tam en t termic, în spectrele 
R ES ale acestora se evidenţiază semnale ale radicalilor liberi S-a găsit că, odată cu m ărirea duratei 
tratam entului termic la o tem peratură  superioară celei de funcţionare norm ală a maşinn, concen
tra ţia  radicalilor liberi creşte exponenţial, tm zînd spre saturaţie
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THE CHANGE IN THE DIMENSION DISTRIBUTION OF SOUID 
PARTICLES IN A SUSPENSION FOLLOWING ULTRASONIC

DISPERSION

D. AUSLÄNDER, AURELIA CIUPE

Theory. The increase of the degree of dispersion of systems by ultrasonic 
methods [1] is followed by a slow process of shift of the dimensions equilibrium, 
which takes place after the acoustic field action ceased The estimation of these 
modifications, by means of the average radius of particles, is given by [2], [3]

A r M  =  1 2  A r ,a  +  1 2  A r H  (! )
* ]

where the right hand side reflects a sum of some agglomeration and dispersion 
processes and which increase or decrease, respectively the average radius

Attributing to the brownian motion the determining part of the agglome
ration mechanism, the mean square displacement of a particle may be expressed 
by Einstein’s relation as

R T
N

t
3 txf)V

(2)

_ Considering that the average distance between the centers of two particles 
is L, the frequency of the collosions m the volume unit containing n particles 
is given by

у =  — ■ n  
L 2

(3)

Thus relationship (2) Ьесотеэ

V
R T

N
. _ L  ns/3

3 - 7 ) ? '
(4)

For a polydisperse suspension having particles with different radii 
ri> r2> ■ , r,> in corresponding concentrations clt c2, ct, . the collision
frequency due to the brownian motion can be expressed b y .

V =  a A 45,7
5/3

(5)

where rB is the average radius of the brownian particles,
R  32/3a = — ---------- is a constant not depending on the type of suspension
N  45/3 ^8/3

and A = Tji) p5/3 is a characteristic constant for a certain disperse system at a 
given temperature
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The variation of the average radius rM of the disperse system particles 
by the collisions mechanism due to the brownian motion is described by the 
equation

where В is an adherence constant which is a measure of the agglomeration 
efficiency through collisions

From relationships (5) and (6) we obtain the expression for the increase 
of the particle average radius during given periods of time

Experiemental results. The determination of the constant В for a given 
suspension based on experimental data, makes possible the evaluation of relation
ship (7) and the comparison of the results with the measured values of the ave
rage radii

For illustration, fig 1 shows the variation of average radius m a ZnO—H 20  
suspension after 10 minutes sonication in a field of 2 15 W/cm2 intensity at 
0 5 MHz frequency Fig 2 shows the experiemental and calculated curves for 
the control and the sonicated Pb30 4—H 20  system, at 1 65 W/cm2 intensity 
and 1 MHz frequency

The satisfactory agreement of the exprimental results with the values 
calculated using formula (7) underlines the determining role played by the 
brownian motion m the agglomeration process of particles m disperse systems 
m aqueous media.

i .  =  B v
rM dt (6)

5/3

(7)
*b  ------------

Д t

8

1 2 5 k b 6 7 8 1 2 3 4 5 6 7 8 9

t  (days) t  (days)

F i g  1 The change of the average radius 
as a function of time, for the ZnO —H 20  

suspension

F i g  2 The change of the average radius as 
a function of tune, for the РЬ30 4—H 20  sus

pension
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A shift of the distribution equilibrium towards larger average radii might 
also result by one of the following mechanisms collisions between non-spherical 
particles m rotational motion due to the brownian motion, radius dependent 
sedimentation velocities contributions to the collisions frequency increase, and 
the differentiated solubility of particles according to their dimensions. This 
last phenomenon described by (4]

— in fa =  (1  _  I
M  Sj p (8)

conveys a relative instability to the polydisperse system, the evolution of which 
is in the direction of decreasing the small particles concentration, thus contri
buting to the increase of the average radius Simultaneously, it also has the 
opposite effect, as the number of brownian particles is decreased

The last term of equation (1) describes a process of increasing the disper
sion degree, the shifting m time of the size distribution, in the direction of 
the reduction of the average radius of particles I t  seems that the evolution 
of the systems, under the action of the opposite effects, depends on the proper
ties of the dispersing medium Thus, m aqueous medium, accumulation effects 
were demonstrated, while m the case of ZnO—CeHe and ZnO —CeH6CH3 sys
tems the prevalence of dispersing factors was found (Table 1)

Table 1

The cange oî the average radius as a function of time, 
for the ZnO —CeHe and ZnO —CeH5CH3 suspensions

At
(days)

rM ■ 10® (m)
The sistem

control sonicated
1 M H z, 2 7 W /cm 2

ZnO —CeH„ 0 13 7
1 10 0
3 9 3
5 6 6

Z n O - e eH 6CH3 0 14 1 13 9
3 13 4 11 4
4 — 10 3
5 — 10 1
6 11 3 9 5

Among the causes of this phenomenon one may count some effects of 
the cavitation process Thus, the penetration of the liquid into the microcrackes 
created under the action of cavitation by a capillary condensation process, 
according to the Thomson-Kelvm relationship

In -  2g 11 _  i
P " T  P i  —  Pa 1 r' r" (9)

leads to ţhe breakdown of some agglomerates into smaller particles On the 
other hand, following the degasing effect of the ultrasounds from the particle
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surface, the equilibrium of solid-liquid interface forces is modified, due to the 
desorption of gases with corresponding implications upon the dispersion process 

Conclusion. The disperse systems undergo an alteration m time of the 
size distributions, under the action of two opposing mechanism The evolution 
towards agglomeration is prevalently caused by the collision of particles m 
brownian motion, while the dispersion is the consequence of cavitational effects

(Received November 16, 1979J
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MODIFICAREA D IS T R IB U Ţ IE I D E D IM EN SIU N I A PARTICULELOR 
SO LIDE DINTR-O SU SPEN SIE  D ISPERSA TĂ  ULTRASONIC

(Rezumat)

Cercetări experimentale au pus în evidenţă deplasarea echilibrului distribuţiei de dimensiuni 
a particulelor unei suspensii, în absenţa/după încetarea irad iem  ultrasonice în sensul creştem , res
pectiv al scăderii razei medii în  funcţie de na tu ra  dispersantului Aglomerarea atribu ită  îndeosebi 
ciocnirilor particulelor participante la  mişcarea browmană este descrisă prm tr-o ecuaţie, mecanis
mele de dispersare sínt explicate calitativ, pe baza unor cauze ale procesului de cavitaţie
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ABSORBŢIA STRUCTURARĂ A URTRASUNETURUI ÎN 
SORUŢII APOASE DE ACIZI ORGANICI

ILEANA LENART, D. AUSLÄNDER

Introducere. Tehnicile ultrasonice permit obţinerea de informaţii utile 
pentru investigarea structurii lichidelor, prin intermediul constantei de atenuare 
şi vitezei de propagare a ultrasunetului Atenuarea undelor ultrasonice în lichide 
provine dintr-o însumare de efecte de absorbţie în mediu, care fiind considerate 
independente, rezultă

0C =  OCvîs U  Oítenn " h  Zrel ( 1 )

unde primii doi termeni din membrul al doilea reprezintă constantele de ate
nuare corespunzătoare absorbţiei clasice de vîscozitate şi conductibilitate ter
mică, iar arei, constanta de atenuare de relaxare, este consecinţa fenomenelor 
de absorbţie structurală

a,* +  atem =  —! f^  Y) (2)
pi3 13  Cp )

în  cazul lichidelor cu conductibilitate termică redusă, atenn este negli
jabil, deci •

« W /2 = —3 ^ ri (3)pc3 3

unde /  este frecvenţa ultrasunetului, p densitatea mediului, c viteza de propa
gare a undei şi v; coeficientul de vîscozitate a lichidului

Cercetările au demonstrat că în realitate raportul a//2 este mult mai mare 
decît valoarea rezultată din calculul relaţiei (3), nefiind satisfăcută nici indepen
denţa raportului de frecvenţă cu excepţia lichidelor monoatomice.

Absorbţia de exces, numită absorbţie, „suprastokes” provine din procese 
moleculare de disipare a energiei acustice, descrise prin intermediul constantei 
de atenuare de relaxare

arel 2тг ”(g8 -  I) 
l + (4)

unde q = cm/c0 reprezintă gradul de dispersie a vitezei de propagare a ultra
sunetului, iar n =  ы/м0 =  ///o este raportul dintre frecvenţa ultrasunetului şi 
frecvenţa de relaxare de rotaţie, respectiv de vibraţie

Pentru studiul fazei lichide este esenţială componenta structurală a absorb
ţiei a cărei determinare este posibilă prin două metode :

a) Măsurarea absorbţiei în domeniul frecvenţei corespunzătoare dispersiei 
anormale la care se pune în evidenţă absorbţia structurală, respectiv în domenii 
îndepărtate de această valoare, caracterizate pnn corespondenţa cu teoria hidro-

3  — Physica — 1/1980
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dinamică clasică a absorbţiei, diferenţa valorilor obţinute reprezintă absorbţia 
de relaxare la frecvenţa respectivă

b) Calcularea diferenţei dintre absorbţia experimentală şi cea exprimată 
prin relaţia (2) cu ajutorul constantelor respective

Utilizînd ultima metodă, s-a cercetat comportarea unor acizi organici în 
soluţii apoase pentru evaluarea absorbţiei de relaxare în funcţie de procesele 
de disociere moleculară care afectează frecvenţa proprie de vibraţie a compo
nenţilor moleculari.

Rezultate experimentale. S-a determinat vîscozitatea, densitatea şi viteza 
de propagare a ultrasunetului în soluţii apoase de acizi mono-, bi-, şi tricarboxi- 
lici, la diferite concentraţii din domeniul 0 — 1 M care au permis calcularea rapoar
telor a //2 din relaţia (3)

Măsurarea constantei experimentale de atenuare s-a efectuat pnn metoda 
impulsului la distanţă fixă pe baza ecourilor repetate, la frecvenţa de 10 MHz, 
pe baza relaţiei

20 • log e 21
p

unde L =  20 log — , iar 1 este distanţa emiţător-reflector.
Рц

Rezultatele pun în evidenţă valon apreciabile ale absorbţiei structurale, 
o creştere foarte pronunţată cu concentraţia în domeniul diluţiilor mari şi una 
mai lentă în restul intervalului, panta fiind în întregul interval superioară celei 
corespunzătoare absorbţiei clasice

Saltul constantei de atenuare de relaxare îl atribuim componentelor de 
disociere caracterizate pnn noi valon de frecvenţă de vibraţie, pe baza reacţiei 
de echilibru

kD
-  C02H cor +  H+ (6)

Pentru verificarea acestui mecanism au fost măsurate valorile absorbţiei 
în condiţiile frînăru procesului de disociere prin creşterea concentraţiei ionilor 
de hidrogen în urma adaosului de HC1 diluat

în  acest scop s-au efectuat măsurători de absorbţie în soluţii apoase de 
HC1, la temperatura determinărilor anterioare, la diferite concentraţu, s-a sta
bilit astfel că într-o soluţie apoasă de HC1, pînă la concentraţia de 0,2 M, absorb
ţia nu diferă de cea a apei în  consecinţă, s-au preparat soluţnle de acizi orga
nici utilizînd ca solvent HC1 0,1 M, asupra cărora s-au repetat toate determi
nările anterioare

Rezultatele obţinute sínt ilustrate în fig 1, pentru acidul propionic, care 
este un acid monocarboxilic

Curba inferioară (I) care prezintă o variaţie lentă a raportului a//2 cu 
concentraţia corespunde absorbţiei clasice, curba superioară (III) indică depen
denţa absorbţiei totale de concentraţie, iar cea intermediară (II) s-a obţinut 
în soluţh de acid propionic în HC1 0,1 M

Variaţia cu concentraţia a raportului a//2, determinat în mod experimental, 
este prezentată pentru cei trei acizi organici studiaţi în fig. 2, diferenţiat în 
cazul celor doi solvenţi apă, respectiv HC1 0,1 M.
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F i g  3 D ependenţa de concentraţie a contribuţiei diso
ciem la absorbţia structurală

Diferenţa ordonatelor corespunzătoare disocierii, respectiv frînăru ei prin 
adaos de HC1, atribuită contribuţiei disocierii la absorbţia structurală este repre
zentată în funcţie de concentraţia celor trei acizi in fig 3.

Se constată o diferenţiere a pantelor şi valorilor, corespunzător deosebirilor 
mecanismelor de disociere dintre acidul monocarboxilic, care dispune de o sin
gură constantă de disociere şi un singur timp de relaxare, şi acizii bi, respectiv 
tricarboxilici, care disociază în trepte, dispunînd de mai mulţi timpi de relaxare.

Interpretarea rezultatelor. Absorbţiile structurale puse în evidenţă în 
cazul soluţiilor studiate sínt consecinţele unor diferite procese de relaxare.

Considerăm că saltul de absorbţie din domeniul diluţiilor mari este în 
primul rînd consecinţa disociem Diferenţierea absorbţiei de disociere după 
tipul acidului organic corespunde valorilor constantelor respective de disociere

=  1,4 • 1(DS pentru acidul propiomc
K x =  1,4 IO- 3 , K 2 =  2,3 10-e ,, ,, malonic
K r =  8,7 IO-4 , K 2 =  1,8-IO-5, K 3 =  4 IO-6 „ „ citric
Variaţia concentraţiei ionilor de hidrogen în soluţnle apoase ale acizilor 

menţionaţi, prezentată în fig. 4, este în concordanţă cu intervalele diferite de 
concentraţie pentru care adăogarea de HC1 0,1 M anulează procesul de disociere, 
respectiv în mod corespunzător absorbţia de disociere.
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în  domeniul respectiv, din relaţia (4) rezultă :
d̂ dis _  4~n* ~ 1 r-j\

do>„ [<o„(l +  ?W )]a

unde К  =  2тты (q2 — 1)
pa diluţu mari, vîscozitatea soluţiilor fiind puţin diferită de cea a apei, 

se poate presupune că • q x  —— =  1,01 de unde rezultă că К  >  0, deci pentru :C4

^ > 0 ,

se obţine : q2n2 >  1, de unde prin aproximarea q X 1, se obţine co0 <  со. Pe 
de altă parte, din măsurările experimentale rezultă că >  0, astfel din

d c

condiţia de mai sus : >  0, rezultă —0 >  0 pentru domeniul în care se
do)0 d  c

poate presupune independenţa de concentraţie a lui q
Prin urmare, la disocierea acizilor carboxilici are loc creşterea frecvenţei 

de relaxare cu concentraţia, menţmîndu-se însă la valon mfenoare frecvenţei 
de 10 MHz, diferenţiindu-se în funcţie de constanta de disociere.

Regiunile у marcate prin variaţii mai lente de absorbţie indică limitarea 
procesului de disociere şi prezenţa altor fenomene de relaxare caracterizate tot 
prin frecvenţe inferioare valorii de 10 MHz, în creştere cu concentraţia
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Astfel, la concentraţii mai mari este favorizată formarea de dimeri prin 
asocieri moleculare. De exemplu, pentru C3H6—COOH, la 20 °C frecvenţa de 
relaxare de asociere este de 2,02 MHz.

Sínt posibile de asemenea relaxări de rotaţii şi vibraţii în jurul unor legă
turi de H, în momentul desfacerii altor legături, respectiv în jurul unor gru
pări atomice, cu valori diferite ale frecvenţelor respective.

Concluzii. 1. Fenomenul de disociere a acizilor organici este însoţit de 
un salt al absorbţiei.

2 Frecvenţa de relaxare de disociere este mai mică decît 10 MHz
3 Frecvenţa de relaxare de disociere creşte cu concentraţia

(Intrai in  redacţie la 20 noiembrie 1979)
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STRUCTURAL ABSORPTION OF ULTRASOUND IN  AQUEOUS SOLUTIONS OF
ORGANIC ACIDS 

(Summary)

The paper presents some acoustic-molecular param eters, determined m  aqueous solutions 
of organic acids of different concentrations The ultrasound velocity, m easured by means of an 
optical diffraction method, the density and the viscosity experimentally determined, resulted in 
the calculation of the Stokes-Kirchoff absorption. By a pulse technique was measured the absorption 
of the ultrasound, a t a 10 MHz frequency, being then  calculated the excess absorption A leap 
of the structural absorption is pointed out, assigned to  the dissociation processes characterized 
through a characteristic relaxation frequency
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ANAUTYC S-MAT RIX THEORY OF CRITICAL PHENOMENA FOR THE
cp3 AND cp4 MODELS

SI. CRIŞAN, AL. ANGHEL

I. Introduction. In the last years the perturbative methods have been 
intensively used in the theory of phase transitions

As it is well-known W i l s o n  [1] pointed out that the critical behaviour 
in the phase transitions can be described in 4 — e dimensions using the pertur
bation theory and the fixed point condition for the recurrence relations.

An equivalent treatment for the theory of phase transitions was given 
by the Soviet school [2—4] using the “parquet sumation” and solving the 
D i a t l o v - S u d a k o v - T e r - M a r t i r o s i a n  equations for the vertex 
function in 4 or 4 — e dimensions G i n z b u r g  [5] pointed out that using 
tuch a method and the “scaling hypothesis” the same results as m the Wilson 
sheory can be obtained for the critical coefficients

All of these approarch.es are equivalent, in the sense that they are per
turbative expansions of the S'-matrix involved m the theory However, it is 
well-known, that in the high energy physics there is also a formulation of 
the S-matrix theory which is m fact more general than the perturbation theory. 
This method proposed by Heisenberg in 1943 was developed by E d e n  et 
al [6] and is known as the „unitarity and connectedness” theory of S-matnx.

A justified question, after the well-known success of the perturbative 
methods m quantum field theory and statistical physics is the following is the 
analytic S-matrix theory adequate for the description of the critical behaviour 
of the phase transitions? And if it is so, how accurate is this method as com
pared with the "traditional” ones

In a remarkable program P o l y a k o v  [7—8] has used the unitarity 
condition in order to analyse the asymptotic behaviour of many points correla
tions m the critical region

The main idea implicitly contained in this paper is that the 2V-point со re
lation functions are all elements of the S-matrix, and their analytic properties 
remain valid even in the critical region where the perturbative method fails.

P o l y a k o v  [7—8] calculated by this method the asymptotic behaviour 
of the correlation function, vertex function and discussed the scaling behaviour 
of these functions

In this paper another interesting aspect of this theory is pointed out 
Indeed, P o l y a k o v  [8] considered that the um tanty condition is not suffi
cient for describing the critical behaviour in the phase transitions, but the dis
persion relations for the Green function associated with the fluctuations are 
also necessary Recently B r a y  [9] used the dispersion relation method, pro
posed by F e r r e 1 and S c a l a p i n o  [10] in order to calculate the „univer
sality function” of the two-point correlation function

The purpose of this paper is two-fold First we intend to present, at the 
largest possible extent, the unitarity method m the theory of critical pheno
mena, since at the present time there is no such a monography available Then
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we will give a concrete method to calculate the critical indexes and the dimensions 
of space in which scaling behaviour is possible The results obtained by this 
method are identical with the results obtained by so-called classical methods 
as W i l s o n  recurrence relations [1] or summation of the “parquet diagrams” 

The paper is organized as follows In section II  we reconsider the ,,um- 
tarity and connectedness” principle for the S-matrix and re-wnte the properties 
of the Green function and vertex function taking into consideration this principle. 

Section II I  is devoted to the analysis of the cp3-model, and cp4-models. 
II. Unitarity and Analytical Properties. In the high energy physics the 

problem of calculation of the S-matrix elements is an essential one Usually 
this calculation is performed using the perturbation theory and the Feyman 
diagrams.

However, the unitarity condition imposed to the S-matrix, gives us the 
possibility to write down the equations for imaginary parts of Green function 
and vertex function, but not as perturbative terms m the coupling constant. 
However, these equations will contain more or less terms and the number of 
these terms is function of number of intermediate states considered m the theory 

Before we apply this method m the theory of phase transition we give 
some results from S-matrix theory which are extensively discussed m [6] 

1. Unitarity and Connectedness for S-matrix The unitarity and connec
tedness-structure of the S-matnx can be analysed if we define the S operator as

S =  ^  I m, m  >  <  m, out |
m

5+ =  £  I m, out > < m, m  | (1)
m

From the orthonormality and completeness conditions of the states | m, in < , 
I m, out >  we get

S+S =  l (2)
Because the momentum eigenstates are accessible to experiment we will con
centrate with the matrix elements

<  Pi ■ ■ ■P'n\S\pl ---- p m>
which describe the transition of a configuration of tn particle each with definite 
momentum into one of m' particle

The basic assumption of the theory is that the total energy momentum is 
conserved in the interaction, then the matrix-element vanishes unless

m m

£  A' =  £  A  (3)*=1
and the unitarity condition (2) can be written as

£ ^ V « u ^  П * ? ,* (? !-  О  < P i ■ ■ p'm\s\qxV  (2") « 1 j r=i
< q i  . . . . q  I S + I p x . . . . pm >  =  <  pi . . p » \p i ■ Pm > (4)
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From the conservation of the energy-momentum we get for (3) the condition

£ ? . = £ # .  =  £ # :  и

and m particular

{nmf «S (1CA ]2 (6)

where m is the mass of the particle 
The diagrammatic notation is

<Pi Pm- ISI Pj PfT> У “
1
2m

Fig 1

2
2.

m

Using this notation we can write (3) as

FEZEF = _
If

P i g  2

(2m)2 si (Ê >)2 «: (3m)2 (7)

and similar diagrams given in [6—8] for different conditions (6)
The connectedness structure of S-matrix is introduced by writing the 

equation for S-matrix of two-particle scattering as

H E  = + zrsr
F i g  3

and similar equations for n-particle interaction.
Using this relation and the condition (1) we get

CZ + ISXI-IED-Z
or the unitarity condition

P i g  4
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щ -из: = лззз:
F i g  5

where each integral line is (2тг)~3  ̂diq 8(cf — m2)
The umtarity condition gives the possibility to study also the analyticity 

of the 5-matrix introduced in this way
A complete study given by E d e n  et al [6] showed that as a function 

of number of intermediate state the S-matnx has
— single pole singularities
— the normal threshold branch-points
These properties will be used in the phase transition theory, because the 

Green functions and vertex functions are the 5-matrix elements
2 Umtarity Condition for Green function and vertex function In the theory 

of phase-transitions the Green function G(q) is

G(y) =  W  +  -r]-1 (8)
T =  (T — T 0)jT , and it is m fact the Fourier transform of the correlation 
function

In order to use the umtarity condition Polyakov [7—8] performed the 
analytical continuation q2 — — q2, т —*- г (т) =  t_P and (8) becomes

G{q2) =  [q2 -  m2]-' ' (9)
where m2 — r~2 (t).
The singularities of the Green function (9) are given'by

q2 =  — (nm)2, Tm =  (— q2ln2)№ (10)
where n is the number which characterizes the branch-point In the limit n —>- oo 
we get Too =  t  =  0 and (9) has the asymptotic form G(q) =  1 jq2.

Now, if we apply the equation (7) for the Green function G(q2), and the 
vertex function Г3 and I \  we get the equations

where — #— =  2nQ{q0)b(q2 — m2) =  Im G(q2)
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These equations are exact and we can use a larger number of intermediate states 
if this is necessary

In the next section we will calculate the critical index defined as
G(q2) =  q~2+” (11)

for different models, using the „scale invariance” which is suposed to be valid 
m the critical point т =  0

III  The Critical Behaviour of Different Models In order to study the 
critical behaviour of the different models we can use the unitarity condition 
for the Green function and to look for the „scale invariant” solutions of the 
integral equations

P o l y a k o v  [8] studied the asymptotic behaviour of manypoints 
correlation functions using the „scale invariance” hypothesis, but we are going 
to point out on rp3 and cp4 models that the critical index can be calculated 
by this method

1 The -model. This model treated in the field theory only to point out 
the different methods of renormalization is of great interest in the phase transi
tion theory Recently G i n z b u r g  [11] pointed out that the percolation 
theory is m fact a cp3-theory which has the ground state

In this framework the <p3-model is interesting to be studied and we are 
going to apply the method presented in section II  in order to obtain the critical 
behaviour of this model The Green function

G{p2) =  p~2+̂  (12)
nas the imaginary part written as

Im G(p2) = -  {p2yI/2- 1 sin^- (13)

where t] is the critical index of the correlation function The unitarity conditions 
for Green function on vertex function are given in fig. 7.

Fig 7
and are rewritten analytically as

Im G~Hq2) =  2g§ J  \Гъ(р2, p \  (p -  # )  I2 Im G(p2) Im G [(q -  p)2] dPp (14) 

Disc T3(q2, q\, a$) =  4g§ j  Г3 [q2, p2, {q — p)2] F3(q2) Ts(p2)

Im G(p2) Im G(q2) G[{q — p)2] dPq (15)
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In the scaling approximation

г  з =  (Я
and using (15) we get from (16)

{q̂  sm f  ^  $ №  [(? -  ^)2 f  _1 sin27t i) (q*)DI2n 2

' 20-2

( 16)

■ dx dy (17)

2̂ _ л\2
where x =  — , y = —— — , max (p — q)2 ä ff2, 

?2 ?
and

dPp =  dp0d\p  |в- 2£2£,_2 =

From equation (19) we get

Д - 1

(?2)D/27t 2

О  I 3  I D  —  6  л  2Ï3 +  - V1 +  — =  °

(18)

(19)

and

1 5--1 l - is i n ^ = ^ - U 2 V  " sin2 — 
2 (2tc)D J

This equation will give for rj the value

D - 1 
. 2

'Г -Т 1

dy (20)

2
7t Д  +  1

2D-2
gf

(2x)X> ( 2 1 )

In order to calculate the value y3 we will use the equation (17) in the approxi
mation which is shown m fig 8

(¥■')

F i g .  8.
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and using

k* = -  ( q - I f  =  -  (1 -  cos 6) (22)

where 0  is angle between q and l we will perform the integral in (17) with the 
substitution

dPp = dp0d I p  I I p \D~2 QD-3 sinD-3 ®d®

However, in order to introduce the variables ж and у  the angular part will be

-  2С5шД~3 е -Л6 (23)
J 1 -  cos 0  4 '

and finally if (22) is also considered, we get from (17)

sin TCYs
TC -  4 11/2

, sin-0 -3  0  d0

sin 3 0  d 0 
1 — cos 0

(24)

From (21) and (24) we get in D =  6 the following expressions for yj and y3

-------1?36 (2л)" 3 (25)

and using (21) we get

Ï 3 -----■----Ri2 (2 л)6 °3

6  7TJ
(26)

which is in fact the fixed point m the (p3-theory Indeed if we use the notation 
e =  6 -  D,

(gf)2 =  -  (2n)se (27)

and m this way we have demonstrated that (19) is m fact the equation for the 
fixed point In the transition point the coupling constant is (27) and will be,

72л3
(28)

2. The (s^-moiel.
The <p4-model was intensively studied by different authors [1, 5, 9] and 

is in fact the most realistic model for the second order phase transitions.
The unitarity relations for the Green function and vertex function are
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Im G-1 = 4

■3>s ( Г4

P i g  9

and if we consider Г4 =  {p2)Yi and Im Г4 =  -  sin т̂ и(Р2)у‘ we can write down 
the equation for vertex function as

- 3ттгу4( Я ^ 4  =  - ^ ( | Г 4|2 sin2^  (k V  -1 [ ( k - m
("TT) J ^

2 1 dPk (30)

Following the same way as for the equation (16) with the substitutions

X =
A3 (A -  P f

P* P2
we get the equation for the fixed point as

T4 +  V ] + ^  =  0 (31)

and the equation for y4 as

where

C == (---^J (2tv)'D_1 2D~l

Sin  7TY4

dxdy

~ C§4

г ([-D -  l)/2]
[0, 1], y S [0, 1]

From this relation we see that y4 depends linearly on the coupling constant 
and the equation (31) for the fixed point will be J

t  16tIS 
^ =  —  e (32)

where e — D — 4
With this result we start the calculation of y) from the first, equation (31) 

which will be written analytically as LO
Im G 1(p2) = Agi j" dPpdPq [ T4(ÿ, k, q) |2 Im G(p) Im G(q) Im G(p +  q — k) (33)

From the beginning we remark that the index yj will be dependent on the (gl)2 
and following the same method we get '' -

11 =  й
(34)

as in the Wilson theory.
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IV. Conclusions. The unitanty condition for Green function, and vertex 
function, applied by Polyakov m order to obtain the asymptotic behaviour 
of physical quantities in the critical region, has been developed for the calcu
lation of the fixed points and critical indexes m the ф3 and ф4 models The 
method was also applied by B r a y  [9] in order to calculate the universality 
function m the ф4-ЬЬ.еогу. These results prove that this method, which was 
sucessfully applied in high energy physics, can also be used in the theory of 
phase transitions and is in fact equivalent with the „parquet summation or 
RNG theory.

(Received November 20t 7979)
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(Rezumat)
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critice în  modelele ф3 şi o4



STUDIA UNIV BABEŞ—BOLYAI, PHYSICA, XXV, 1, 1980

EFFECT OF RETURN CURRENT ON THE HIGH FREQUENCY 
OSCILLATIONS OF A RELATIVISTIC ELECTRON BEAM-PLASMA

SYSTEM

KARÁCSONY JÁNOS

I Introduction. As it is well-known electromagnetic waves can be excited 
by an electron beam penetrating through a uniform, cold, extended stationary 
plasma immersed m a uniform magnetic field B„ In this plasma-beam system, 
(the beam being assumed in motion in a direction parallel to the applied mag
netic field B 0) the electromagnetic waves whose direction of propagation makes 
an angle 0 V 0 with respect to B0 are, in general, neither transverse nor longi
tudinal [1]. Particularly, when the Velocity of propagation of the electromag
netic waves are small enough, i e , when the refractive index n = ck/ы is very 
large (c denoting here the velocity of light, k the wave number and м the 
frequency) „almost longitudinal” waves may occur [1—3] For these waves 
the electric vector E is nearly parallel to the wave vector fe [1]

The interaction between a nonrelativistic electron beam and a charge 
equilibrated one-component electronic plasma has already been investigated 
in the quasistatic (electrostatic) approximation by KL N S t e p a n o v  and 
A. B. E i t z e n k o  [2] A more general case involving a two component 
electron-ion plasma interacting with a relativistic electron beam has been also 
considered by H W r i g h t  and coworkers [3] But, m their model an incon
sistency occurs, since m unperturbed configuration the selfmagnetic field of 
the relativistic beam is neglected, which is m contradiction with Maxwell’s 
equations. For short wavelengths, however, this inconsistency can be released 
by assuming a homogeneous return current to flow in the plasma In certain 
circumstances, this representation seems to correspond to physical reality [4—6]

The purpose of the present paper is to investigate the influence of the 
return current in the quasistatic approximation earlier considered by H. Wright 
As we will be concerned only with high frequency oscillations, we will assume 
the positive ions at rest, forming a stationary background of positive charge 
which neutralizes at each point the unperturbed electron gas. As it is known, 
the role of ion motion becomes important in the low frequency spectrum only. 
This case will be investigated by us in a forthcoming paper

II Dispersion equation. We restrict the analysis to regions far enough 
behind the beam front in order that both electrostatic and magnetic neutraliza
tion should be insured We will consider a relativistic electron beam with number 
density nb0 and we will assume that the average velocity of beam electrons v0 
is parallel to the external magnetic field B 0 oriented along the positive Oz axis 
The plasma electrons producing the return current have a mean velocity

v i  —  ~  (n boln o)v o (1 )

where w0 denotes the plasma electron density satisfying the condition n0 » nbo.
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Expression (1) for the plasma electron mean velocity follows from the current 
neutralization condition

ho +  Jpo — 0 (2)
where j b0 =  — enbov0 and j Po =  — en0vx denote the unperturbed beam current 
density and plasma current density, respectively

Considering small perturbations of the system from a steady state and 
for the situations in which all perturbations from uniformity vary as 
exp [i(kr — af)], the general dispersion equation for longitudinal waves can 
be written as [2, 3] .

su  sin2 6 -j- e33 cos2 0 -f- 2 e13 cos 0 sin 0 =  0 (3)
where et} (г, j  =  1, 3) are the dielectric tensor components of the system and 
0 represents the angle between the wave vector k and the direction of the 

' external magnetic field B0 (One assumes that the wave vector k lies in the 
xOz plane).

The dielectric tensor can be expressed by means of the conductivity tensor 
a in the following way [1, 7]

е,3= 8 „ + 4̂ а , } (4)
CO

In order to find the conductivity tensor components for the plasma-beam 
system we used the linearized relativistic equation of motion for the beam 
electron [7]

and a nonrelativistic equation of motionŢfor plasma^electrons

+  &  • V R  =  — -  Í E  +  - v x X B '  +  - w i  X B 0) (6)dt m V c c )

together with the continuity equations In these equations v' and v[ are the 
perturbed velocities of the beam and plasma electrons, E  and B' are the per
turbed electric and magnetic fields, respectively, while у о =  (1 — г>2/с2)-1/2.

Finally, we obtained for the components sn , e13 and e33 of the dielectric 
tensor the following expressions •

su

s13 —

=  1 - 1 wb± (“ “  k O 2 •4 (« -  ^ i ) 2
toa (a) k £/0) <ùcR (to — Ă4)2 -  to\

1 ыр (to -  кщ) kz И
toa (to -  kv„Y- to2B (to — k îij2 — to2

4 ,* ; -s
(» -  ^o)2 -  <4

+
2

“Ы1 •
2 1,2 „2 *p kx V1

(to -  kJ«)* (to _ kv,)2 -  и2

2 2 (ùp(ù
(to —

(7)

(8) 

(9)

4  — Physicft — 1/1980
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where ap =  4тт0е2/т and со£ц =  ^l±l'f0 = 4iznb0e2j{my%) are the electron plasma 
frequency and the beam electron plasma frequency, respectively, while acR =

The substitution of (7) —(9) into (3) leads to the electrostatic dispersion 
equation :

cos2 0  ш? sin2 © oiii, cos2 © a? . sin2 ©
1 - — *------------------ *-------------------^ ----------------- ------------ = 0  (10)

(to -  A T))2 (oi -  k V ,)2 -  ю2 (oi -  Â V0)2 (oi -  k v af - ^ c R

III. Excitation of longitudinal waves. With the purpose to investigate 
the dispersion equation (10), we will follow the procedure used by H W r i g h t  
and со workers in [3]. At first we will put this equation m the form

where

Fp — sap
cos2 0

yS(co-ÁVo)2
sin2 ©

Yo [(“  -  <4r]
=  0 ( 1 1 )

_> 01? C O S 2 ©  01? sin2 ©
Fp(k, a) = l ------ A _ _ ------------- 1----------

(oi — k  U j)2 (ül — Ä»i)2 — Ol2
( 12)

and e =  Пьо/По ^  1
As Fp does not depend of the parameters of the beam, it follows that 

the equality
Fp =  (k , a) =  0 (13)

represents the dispersion equation for a plasma m a drift motion with the velocity 
vx = — sVft The last term m equation (11) represents the perturbation produced 
by the beam. For beams of small density, unless the quantity within the brackets 
is very large, this term is very small and consequently negligible However, for 
frequencies in the neighborhood of frequencies that are singularities of bracketed 
term, the quantity in the brackets is very large and the contribution of the 
beam term in equation (11) becomes significant even when e is extremely small. 
As one immediately sees the singularities of the bracketed term m (11) are 

=  kv0 and co2± =  kv0 ±  <*>cr-
On the basis of the above arguments we will seek solutions of the electro

static dispersion equation m the neighborhood of frequencies oq and a 2± The 
roots of (11) will be represented in the form

and
oi — oq —j— 

oi =  a 2± -)- &2±

(14)

(15)
where oq and oq± must be both positive real numbers in order to ensure the 
interaction of the beam with plasma waves Besides we must have

Iun S, =  0 i =  1, 2 (16)
e-t-0

Instability occurs when Im S <  0, where |Im S | denotes the rates of 
growth of an excited wave
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A. Excitation of longitudinal Cerenkov waves. The wave which corresponds 
to the singularity of the first term in brackets in equation (11) is called the 
longitudinal Cerenkov wave [3] In order to calculate the growth rate of the 
excited wave we insert (14) into (11) We observe that under the assumption 
that I Sj I and 0 ф tc/2, the second term in brackets can be neglected.
Expanding Fp in Taylor series about and retaining only the first two terms, 
the dispersion equation becomes.

(8Fp/8(ù)a=Cùl S? +  F p (cox)8f — а>ьц cos2 0 =  0 (17)
This equation has complex roots and consequently an instability occurs 

when the discriminant of (17) is positive. This happens if

4 [FpfaJ]3 <  27s 4  cos2 0 (d F p /d o )^  (18) x
fo

Here we used the definition соьц =  есо|/у®
As e is very small, (18) is satisfied only if

Fp(ai) »  0 (19)

F p M  <  0 (20)
Condition (19) reveals that an instability will occur if ых lies in the neigh

borhood of the frequency of a normal mode of the drifting electron plasma. In 
this case the dispersion equation has the following complex roots :

In order to calculate the growth rate for a certain well determined excited 
wave, the factor dFp/ды must be evaluated for the frequency of excited wave. 
Due to (19), the excited wave frequencies correspond to the solutions of the 
plasma dispersion equation for plasma electrons drifting with velocity vx. These 
frequencies are the Doppler shifted normal mode frequencies of the stationary 
plasma :

L  + i i l  L
2 2 ) Г(0̂ л/гыи=ш1 ]1/3

cos2' 3 ©
(21)

1 ±
■ /  4wí ел* cos* 0

1/2

+  k • vx — toí± +  %v1 (22)

Differentiating equation (12) with respect to to we immediately get
8FP

d<ù
_  2 L ’ cos* 0  <4 sin* 0  (oi — к • t^)»

(oi -  TiTj) [(6i -  ÄVj* -  6iî]*

By inserting here co±)2 from (22), (23) becomes :
tdFp\ =  _ 2_
l Ő61 joj=6i ± ap±

61^ cos* ©
+

61* 61* . sin* 0  p p±____
“p± “p± -61*)*

(23)

(24)
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This expression is identical with those that we should have obtained for 
a stationary plasma without return current. Therefore, from this result it follows 
that the return current has no influence on the growth rate of the excited 
waves which satisfy the condition (19). I t  yields only a Doppler shift of the 
excited wave frequencies, because instead of ap± we must use a>± to calculate 
them.

Longitudinal Cerenkov waves can be excited outside the resonance fre
quency [3], when the condition (19) is not satisfied, but only the condition 
Fp(a>J <  0. If condition (20) together with the following condition

l(ib>UMl \> |(äFp/3«a)e>_Ul81| (25)
are fulfilled the term m equation (17) involving Sf can be neglected. Thus, it 
results

> ' COS°- =  COS 0 I I - 1'2
[f iK )]1/S 1 (H  -  o+)(Av0 -  m_) I

(26)

Inspecting this expression we immediately see that if k v 0 <  m* -(- kvx
ф " ** ^  —♦ —♦  > f

or if a, +  kvx <  k v 0 <  (ùp+ -f- kvx, respectively, we will obtain a purely ima
ginary root

If the plasma return current would be neglected, we obtained for the 
following expression

Sx =  Min cos 0 (Âyo)8[(Â?tg‘ -  to?] 
(Xv0 -  ыр+) (Ä tf0 -Юр_)

- 1/2
(27)

This last expression becomes purely imaginary for k v 0 <  u>p_ or mc << »
<  kv0 <  mP+. Now, if we compare this result with the previous one, we see 
that the return current produces a Doppler shift of the excited nonresonant 
Cerenkov waves As vx =  — ev0, the brackets in (26) differs from that in (27) 
by certain terms of first and higher order m e Noting that given by (26) 
is of order e1/2, we conclude that the effect of return current on growth rate 
of nonresonant Cerenkov waves is quite weak

B. Excitation of the longitudinal cyclotron wave The wave which corres
ponds to the singularity in the second term in brackets in equation (11) is 
called the longitudinal cyclotron wave [3]. In order to calculate the growth 
rate of this wave, we insert (15) into (11) Subsequently assuming | S2±| ^  мсД 
and 0 ^ 0  the first term m brackets can be neglected. Expanding FP m Taylor 
series about co2± and retaining only the first two terms, the dispersion equation 
becomes •

(dFPl d o ) ^ at± 83± +  Fp (м2±)§2± T  ^ i Sm' 6 =  0 (28)
2 a >cR

If the discriminant of this equation is negative, the equation has complex 
roots On account of the expression (23) of dFpjd<ù and as и =  a 2± >  0 it 
can be seen that the discriminant is always positive if the last term in equation
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(28) is negative, i e., for wave with frequency w =  m2 + - Therefore the wave 
whose frequency is to  =  k v 0 +  <x>cr  i s  stable for a cold beam.

On the contrary when the last term m (28) is positive, instability does 
occur if and only if

{Fp)l=at-  <  2s (8FPl 8 ^ =ai_ (29)
Yo“ cJî

Here, we have used the notation =  eei£/y0 
As s is very small, (29) implies

( F p ) a = a ,~  ~ 0 (30)
This means that instability may occur only for frequencies m the neighborhood 
of normal mode frequencies of the drifting electron plasma

Substituting (30) into (28), we immediately obtain the imaginary roots 
of this equation

S2_ — i  1
sin2 0 И/2

2а>сд  (8Fpj3(ù) cù =  to2
(31)

where cü2_ ss<ú± I t  has been shown above that for « =  co±, dFpjdoi involves 
no return current effect, therefore the growth rate of excited longitudinal cyclo
tron waves is not affected by the existence of the return current m the plasma 
On the other hand, if the return current is taken into account only a Doppler 
shift of the excited wave frequencies appears, since we must use w± instead 
of cùp± in the evaluation of the excited wave frequencies.

IV. Conclusion. In the present paper we have investigated the high fre
quency electrostatic oscillations in a relativistic electron beam-magnetized plasma 
system, taking into account the induced return current in the plasma. We 
were concerned with the effect of return current on high frequency oscillations 
of the beam-plasma system and therefore ion motion has been neglected. We 
find that the inclusion of return current m the calculations does not affect 
the growth rate values of resonant longitudinal Cerenkov and cyclotron waves 
and it has a quite weak effect on the growth rate of nonresonant Cerenkov 
waves. If the return current is taken into account a change m the frequencies 
of the excited wave appears, due to the drift motion of the plasma electrons 
which produces a Doppler shift of these frequencies

A more significant effect of the return current is to be expected in the 
low frequency spectrum domain, where the drift motion of the electron relatively 
to the plasma ion background may excite a new instability This will be investi
gated m a forthcoming paper.

(Received December 3, 1979)
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EFEC TU L CURENTULUI IN V ER S ASUPRA OSCILAŢIILOR D E FRECV EN ŢE RID ICATE 
ALE SISTEM ULUI PLASMĂ-FASCICUL R ELA TIV IST D E ELECTRONI

(Rezumat)

Se studiază influenţa curentului invers asupra oscilaţiilor instabile ale unui sistem de plasmă- 
-fascicul relativist de electroni Se constată că dm cauza curentului invers frecvenţa oscilaţiilor 
excitate prezintă o deplasare Doppler, în  tim p ce coeficientul de amplificare nu  este influenţat în 
mod sensibil
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EFFECT OF ION DYNAMICS ON THE PARAMETRIC 
INSTABILITIES OF AN UNMAGNETIZED PLASMA (I)

C. BÄLEANU

We have consacrated the present paper to the study of the parametric 
oscillations in an unmagnetized two — components plasma immersed in an 
external oscillatory electric field

E 0 cos (*„? — vi) ä E 0 cos vt (1)
considering the ions as statistically moving particles and by making use of 
R P r a s a d ’ s method [4] This topic has been already investigated by 
R P r a s a d  [5 ] for cold plasma, yet by applying a method given by N N. 
B o g o l i u b o v  and Y u  A M i t r o p o l s k i i  [2]. At the same time 
C S C h e n  and G J  L e w a k  [3] considered the same problem for an 
unmagnetized plasma by taking into account the thermal motion and making 
use of the multi time scales method We have in our turn discussed in a pre
vious paper [1 ] this problem, but for a magnetized plasma imbedded m an exter
nal circularly right — hand polarized electric field by taking into account the 
thermal motion too

Denoting by f  and /* the distribution functions of electrons and ions 
respectively we may write the collisionless Boltzmann equations for both these 
functions under the form

ôJL + v‘ 8J L - E I e  + ^ x B ) ^  = 0dt 3r‘ m \ c ) dve (2)

^  +  V'-Щ +  — [e  +  — X  в )  Щ  =  0 dt dr* M \ c J dvl (3)

One may derive from Maxwell equations the second-order 
equation for the first-order perturbation of the electric field.

differential

(glad djv -  V  +  A £ )  Ы (4)

where J  (r, t) is 
represented by

the first order perturbation of the total current density and is

/  (r, t) =  — e^v‘ f[dve + c j  vlf[dvl (5)

By making the following assumptions
E 0 =  E 0ê, (6)
k =  k êt (7)

ET(k, t) =  e~'at e~'mt (8)
»= —co
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one obtains the following infinite system of equations for the spatial Fourier 
transforms of the transversal electric field.

&Л — 1 , T O
a + n — lv +

CO +  7 ÍV
■ +  bn g»r+iCft)

a + я + lv =  0 (9)

where '

a. = rf[_Fe(a + wv) -  F«(a + я + lv) + PF‘(v)]
c*k* /со 2 °*реFe{(ú + я + lv) — Fe(u> + я -j- lv) va

+ «v) — F,(a> + n + lv) + FF‘(v)]
2A* (a <»pt -----

— — I — + я + 1 — — F«(a + я + lv) — — F‘(&> + « + lv)I* V V ; V* vJ

rfjF‘(a + «v) -  F‘{<4 + я -  lv) + PF«(-v)]_______
eaAa / a  I* “ L  _____  “ i  _____— -  I — + я -  1 -  — F‘{u> + n -  lv) -  — F*(œ +n -  lv)

V * I  V  J  V * V *

4»[F‘(a + nv) — F‘(a + n — lv) + PF*(— v)]
c*A* fa

V 1

fa  \ï V  ------ -----— + n — 1 I — — F* (o + я — 1 v) — — F* (q + я — 1 v) I v y v” V*

F ‘.‘ (Q) =  QYf • (Ü)
co

Ч Г  =
(2- \ , ) 1/2 J

■ du

.  _  ш р> e<(A)
. >1* =

2 4яя„е"= --- —

t<ùpt e,(A)
v* 2

2 4тгяпеа
м

*.$) = ^ т

( 10 )

( 1 1 )

( 12)

(13)

(14)

(15)

(16) 

(17)

Ф )
ehEa
Mva

(18)
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The infinite system of equations (9) leads to the dispersion relation represented 
by an infinite periodic determinant of period co/v =  1, namely

1 h

11 0
 

1 1
0

 1
__

1

! «o 1 К 0 j
1 0 «1 l b3 !

I 0 0 ß2 1

(19)

The determinant (19) has been evaluated for the two following cases
a) Both the electronic and ionic plasma are cold, that is 0e — 0 and 0, —*- 0 

(0e>, being the kinetic temperatures of electrons respectively ions). From dis
persion relation (19) we get

sin2 TZZ =  sin2 7C0C
œî в (%

1 +  I —  —I V2 2
e,(A) \2 2тг cot ira

V2 2 J  a(4a2 -  1)
(20)

where.

2 - ,  oe1
V

C2k* +
(2 1 )

b) The electronic plasma is hot, while the ionic plasma cold, besides the 
following conditions hold •

2kz 00 <  <  — <  <  1. The dispersion relation for this case is

'(>+?)-  ч'Р Yi sm 2reYl Ya sin 2тгуа

(2ух cotg 7TY! — Ya cotg T̂a) (Yx — Ya) \ sm2 *2 “  sin3 *Yi sin2 nZ ~  smS Ŷa'

f 2"YÎ cotg reYl ï 2лу§ cotg nYa ,__________ 2ny2y|________Г ц  _  2 _  2\ i cotS ~'fi 1

l  4yJ — 1 4yS — 1 (1 -  YÎ -  Ya)2 -  4y2yl V  l  Yi

+  - +  2(yi cotg пуг +  y2 cotg тсу2) J j =  1 (22)

where y2 and y2 are roots of the algebraic equation

a2 -}---- — [z +  n f  =  0 (23)
[z + n)

with :

ß2 =
* * e^

V4
(24)
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For the first case of cold plasma (20) gives the following expressions of growth 
rates

\0
л ш а х

7TV OiÍpb
8c2 V4 \ Î W V 3 ' n(n +  1)(2и +  1)

TTV i eEo_Y (2» +  l)2v2 — 4oíÍ oii oiipe pe p\
16c2 1 V2 j n(n  +  1)(2и +  1) v4)nM

when a =  n -j- 1/2 
and

juv 2 c o j , t - 4 ,  _  a 1 « av8 -  °>p, трг

4c2 \mv2 j V4 w(4w2 — 1) 2c2 v v2 / v4 w(4w2 — 1) m M

(25)

(26)

when a =  n
In (25) and (26) Хша1 denotes the maximum growth rates when ion dyna

mics is neglected By inspecting (25) and (26) we see that if ion dynamics is 
taken into account decreasing effect, on the maximum growth rates will appear 
This result is m agreement with that previously obtained by other authors [3], [5] 

For hot electronic plasma the dispersion relation is a very combersone 
one, therefore the evaluation of Im (w/v) needs numerical computations

If a is taken large enough and the frequency v close to \Jcùpe -f o>pt, the 
approach of E 0 cos (k0r — vt) by E 0 cos vt is well founded and our results are 
valid.

The stim ulating discussions w ith Profesor M D răganu are gratefully acknowledged
(Received December 3, 1979)
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EFECTUL DINAM ICII IO N ILO R  ASUPRA IN STA B ILITĂ ŢILO R  
PARAM ETRICE ALE U N E I PLASME NEM AGNETIZATB (I)

(Rezumat)

Folosind teoria cinetică, este s tud ia t efectul m işcăm  ionilor asupra instabilităţilor param etrice 
ale unei plasme to ta l ionizate nemagnetizate form ată dm electroni şi ioni de o singură specie 
Studiul s-a lim itat la  cîmpul răspuns transversal care se propagă paralel cu direcţia cîmpului exte
rior (pompă).

Au fost determ inaţi coeficienţu de creştere pen tru  cazul plasmei reci.
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INTERDIFFUSION OF GASES IN LIQUID METALS

SPERANŢA COLDEA

The interaction of gases and liquid metals is a topic of fundamental and 
practical interest The diffusion of gases m liquid metals prior to and during 
solidification determines the concentration of incorporated gases m the solid 
which m turn influences the mechanical, electrical, and chemical properties 
of the metal systems. Knowledge of the inter diffusion coefficients of gases in 
liquid metals and binary alloys, as well as of the other atomic transport coeffi
cients contributes to the understanding of the structure and properties of liquid 
metals.

The mterdiffusion of gases as hydrogen, oxygen and nitrogen m different 
liquid metals and alloys was experimentally investigated m various temperature 
conditions and for several compositions, including the pure components [1]— [12]. 
The diffusion coefficients of hydrogen m some pure liquid metals and the diffu- 
sivities of hydrogen and nitrogen m liquid iron alloys were determined [2]— [3]. 
Because the affinity of oxygen with metal is very strong the experiments for 
the measurements of oxygen mterdiffusion in liquid metals are more difficult 
than for hydrogen and nitrogen So, the mterdiffusion coefficients of oxygen 
have been measured only in liquid iron, nickel [4a—b], lead [5], [6b], silver 
[6a—b], and copper [6b], [7a—b], [8]—[10] The oxygen diffusion coefficients 
m liquid copper-lead alloys and gallium-indium alloys were recently deter
mined [11]-[12]

However, there are only a few studies available on each gas-liquid metal- 
systems and when there are many, they are usually contradictory. I t  would 
be desirable to perform many other measurements of mterdiffusion coefficients 
in a large temperature range

Many mechanisms have been proposed in order to explain diffusion phe
nomena m liquid metals Semiempirical models are m general transposed from 
diffusion theories appropiate to crystals and, as they make use of numerous 
parameters, their agreement with experimental data is not significant On the 
other hand, statistical methods evolved from the theory of dense hard-sphere 
fluids [13] are successful, altough the adjustable parameters are only the 
hard-sphere diameter a and the radial distribution function g(a) deduced from 
the compressibility factor Z Z  can be calculated using the Carnahan-Starling 
or Percus-Yevick approximations, when the packing fraction is known [14]— [15].

The temperature dependence of the interdiffusion of gases in liquid metals 
is very well reproduced when approximation is made for the relative softness 
of the repulsive potential of the fluid This approximation leads to a temperature 
dependent hard-sphere diameter a(T)

In the present paper this last theoretical model is applied to the calcula
tion of the inter diffusion coefficients.
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The basic expression for the interdiffusion is that from the Enskog-Thorne 
theory of mutual diffusion m a binary dense fluid [13]

D12 1̂2,0
£ia ( i )

where Di20 is the interdiffusion coefficient for diluted binary fluids

D 12,0
fiT(m 1 +  ж 2) ' 1/2

8 »  a j ,  [ 2r.m 1tn1

________ __________  Tk T N ^ M ^  +  M 3)
(щ  +  n i)(a1 +  a,)3 [  2rtM1M 2

1/2

(2)

(2' )

with mt — the mass of the „г”-component of the binary fluid, cr12-the diameter 
of the hard-spheres mixture, nt — the numerical density of the ,,i” component, 
M t — the atomic weight (г =  1, 2) , T  is the temperature of the system, k — 
the Boltzmann’s constant, a1, cr2 are the hard-spheres diameters of the two 
components of the fluid; ^12(ст12) m the relation (1) is the pair correlation func
tion at contact between two dissimilar molecules, which represents the correction 
to the value of D i2,o, n is the total atom density of the system : n = nx -f- n2 

Two kinds of expressions can be used to calculate the pair correlation 
function g12. The first is the Eebowitz pair correlation function [16] subsequently 
corrected in an approximate manner [17]

S i t  —
(2 -  T))

(2 + 7,) (1 -  T))’
g К  — <Ja) (~ni — Vi) )

К  + a«)(?h + *1г) J
(3)

where tj, are the packing fractions of the ,,f”-species, defined by the following 
expressions [14] :

and

t:
(4)

У =  ’ll +  >)2 (2
A better possibility is to use the C a r n a h a n - S t a r l i n g  expression 

for the correlation function g12 [15]

where

and

gl2 — (alg22 +  atSll)l 2̂ 12 (6)

1 ЯУ vj 
ь” X -  4 2(1 -  7])* 2(1 -  4)» (7)

y . =  (ст.-rj, +  CT,7jy)/<Ty (г, j  =  1, 2) (8)

The expression (3) for g12 was earlier tested for shear viscosity coefficients 
of binary alloys [18] and the results should allow the conclusion that this corre
lation function is inferior to that of Carnahan-Starling expression (6).
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The most important parameters of the theory are the hard-sphere diameters 
at (г =  1, 2) of the components of binary fluid systems The following temperature 
dependence of the effective hard-sphere diameter for metal atom was pro
posed [14] .

1,288 (M  p/3

* Pm
0,112 ( ^ ) 1/2 (10-8 cm) (9)

where pm is the mass density of the metal at the melting point Tm and M  is 
the atomic weight of the metal.

In order to maintain a constant ratio of gas-metal diameters, at any tem
perature, we must postulate that the gases diameters gs depend on the liquid 
metal (the solvent), as follows

Ï  gas = 1  -  0 , 1 1 2 ( 10)

where ac is the corresponding covalent diameter of the gas
Another element of the present model is the correction which we can 

deduce from the molecular dynamics calculations, effectuated for binary systems 
diffusion [19] Applying this correction term to the inter diffusion expression 
(1) we obtain the following final te rm .

D = c ■ D12 =  (11)
_______ Ţ5c_____

(« i  +  «a) (CTi  +  ° 2)2£ i 2

g12, cq and a2 can be easily calculated from the relations (6), (9) and (10).
Numerical evaluations of the inter diffusion coefficients, m several liquid 

metals systems will be made m order to test the expression (11). The results 
will be compared with the available experimental data and will be reported 
m a following paper

(Received December 3, 1979)
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IN T ER D IFU Z IA  G A Z E L O R 'ÎN  M ETALE L IC H ID E 

(Rezumat)

Lucrarea propune un model teoretic care perm ite calculul efectiv al coeficienţilor de rnter- 
difuzie a gazelor în  m etale lichide, pornind de la teoria Enskog-Thorne a difuziei m utuale în fluide 
binare dense R ezultatul obţinut pentru  mterdifuzie, folosind şi elemente ale teoriei metalelor lichide, 
cum ar fi dependenţa diam etrului atomilor de tem peratură, î se aplică un  term en de corecţie deter
m inat pe baza calculelor de dinamici moleculare
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EFFECT OF SOME PARAMAGNETIC IONS ON THE STRUCTURE 
OF SOME BORATE VITREOUS MATRICES

S. SIMON, AL. NICULA

I. Introduction. Nuclear magnetic resonance studies contributed success
fully to the elucidation of the structure and chemical bondings in binary borate 
glasses [1—3]. Thus it was evidenced the considerable effect of alkali oxides 
on the boron coordination which led to the explanation of modifications of the 
properties of borate glasses, with the modification of alkali oxide content

Recent NMR studies approached the problem of Si02, A120 3 and P 20 5 
effects on the fraction N4 of boron atoms m B 04 units from the vitreous system 
Na20 —B20 3—Si02 [4 -6 ], Na20 - B 20 3- A l20 3 [7] and K20 —B20 3- P 20 5 [8] 
respectively.

I t  is known the fact that the glass colouring is realized also with para
magnetic ions introduced in different concentrations and proportions in the 
matrix The aim of this paper is to study, for the first time, in what way these 
ions modify the coordination type of boron m binary sodium borate glasses 
having in view that their stability and their physical and mechanical properties 
are determined by the fraction 1V4 of four-coordinated boron atoms. Partial 
results of these concerns were still presented by us in other papers [9—10]

II. Experimental results. Two types of samples were prepared. samples 
of type A having the composition - 84B20 3—16Na20  (mol %) and samples of 
type В with the composition 66,66B20 3—33,33Na20  (mol %). In both types 
of samples were introduced the following oxides. Cr20 3, Co20 3,' MnO, Mo03, 
V2Os and NiO m concentrations of 4 mol % and 10 mol %.

The glasses were prepared by mixing together reagent grade oxides in 
suitable proportions and melting at 1000 °C for 1 h. After being kept at this 
temperature the glasses were poured onto a unoxidizable steel plate at room 
temperature.

The nB—NMR spectra were registered at 9,212 MC on a JEOE spectro
meter, on powder samples at room temperature Figure 1 indicates the n B NMR- 
spectrum on B20 3 vitreous glass, figures 2a and 2b represent the NMR spectra 
registered on samples of type A respectively В without paramagnetic ions, 
while figures 3 and 4 show the resonance signals on samples with paramagnetic 
ions of different types, m different concentrations The symbols of samples, 
as well as the values of the ratio c/a (fig. 2a) measured from the resonance 
spectra for all the twenty-six prepared glasses are given in table 1.

III. Discusions and conclusions. I t  was established that the value of 
the nuclear quadrupole coupling constant for the case of three coordinated 
boron is the same nondepending of glass composition, of presence or absence 
of paramagnetic ions and this value coincides with that determined for the 
B20 3 vitreous glass (see fig 1—4). This conclusion is an argument to consider 
that the planar [B03] triangular units connected randomly by the sharing of
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P i  g 2 The “ B -N M R  spectra on 
natrium  borate glasses unrmpurified w ith 
param agnetic io n s , 2a) sample A 0 , 2b) 

sample B 0

F i g  3 The " B -N M R  spectra on 
natrium  borate glasses w ith 4 mol % 
param agnetic io n s , За) sample A j , 3b) 

sample B J

н
F i g  4 The “ B -N M R  spectra on 
natrium  borate glasses w ith 10 mol % 
param agnetic ions , 4a) sample A’0 ; 4b) 

sample B j0

all three oxygen vertices specific of the B20 3 glasses are maintained also in the 
studied glasses

The nuclei of boron atoms belonging to these units give the broad reso
nance line corresponding to the m =  i  —»• — ^  central transition distorted in 
second^— order by quadrupole interaction of the UB nucleus.
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Table I

The value of the ratio cja measured írom the UB —JVSIH spectra

Samples of Type A Samples of Type В

Symbol Content in mol % and 
type of m etallic oxide cl a Symbol Content m  mol % and 

type of metallic oxide cja

Ao _ 2,44 B0 _ 7,89
A l 4% M o03 3,06 Bl 4% M o03 5,80
Ajo 10% M o03 3,23 Bio 10% M o03 3,34
Al 4% Cr20 3 3,75 Bi 4% Cr20 3 6,66
A?„ 10% Cr20 3 4,37 Bio 10% Cr20 3 6,89
Al 4% NiO 3,65 B? 4% NiO 6,39
A?» 10% N i0 2 4,16 Bio 10% NiO 6,42
AÎ 4% СоЮ3 2,84 Bl 4% Co20 3 7,10

10% Co20 3 2,91 Bio 10% Co20 3 6,15
Al 4% V20 2,66 Bl 4% V20 6,66
Ajo 10% V20 2,58 Bfo 10% v2o 4,29
Al 4% MnO 2,33 Bi 4% MnO 4,56
A |0 10% MnO 2,04 B?o 10% MnO 4,44

The addition of alkali oxides and, as follows from the data listed m 
table 1, the addition of metallic oxides influences the fraction of boron atoms 
which take part in the building of these structural units specific of B20 3 glasses, 
m companson with the number of boron atoms which will participate in the 
building of the [B04] tetrahedra as structural umts whose UB nuclei will give 
the narrow resonance line

I t  is known from the NMR theory that the number of nuclei which contri
bute to a resonance signal can be estimated knowing the area under the absorp
tion curve Since the used resonance spectrometer registers the first derivatives 
of the absorption curves, to determine this area, a double integration would be 
necessary

The valuation of UB nuclei number which participate in narrow line, N4, 
and of that which determines the broad line, N3, from the UB NMR spectra 
obtained m the case of the studied glasses, also assumes in addition to this 
double integration a decomposition of the overlapping resonance. Having in 
view that it was not possible to simulate on computer these spectra, the above- 
mentioned process would be difficult to realize and would introduce a lof of 
errors

A simple method to estimate the ratio N J N 3 which does not affect the 
quality of the comparative studies made m this work was presented by Bray 
and Silver [1] They show that

Nţ =  _c
N 3 к  a

where c is the intensity of the narrow line per mole of B20 3 and is measured 
by the peak - to - peak signal amplitude (fig. 2a), and a is the realtive 
intensity of the broad line per mole of B20 3, measured m our case by the 
height of the high - magnetic field peak because this peak is less affected 
by the variations in (eq Q) and (rj), specific of glasses.

5 — Pnysica — 1 1980
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The factor K  depends only on the experimental parameters of the spectro
meter such as the modulation amplitude, radio frequency oscillation level etc , 
and since these were maintained constant, К  should be constant.

Thus, following the manner in what degree the ratio cja modifies according 
to the different parameters, one will obtain information about the variation 
of the ratio N J N 3 and therefore about the manner in what degree these factors 
influence the structure of the respective matrices

Analysing the data listed m table 1 one remarks that the effect of metallic 
oxides has not a unitar character depending strongly on the nature of the metal. 
Thus, for the samples of type A one observes that the metallic oxides Mo03, 
Cr20 3, NiO and Co20 3 determine the transformation of an additional number 
of [B03] structural units into [B04] tetrahedra, which leads to the increase of 
the four — coordinated boron atoms number, V20 5 lets rather unchanged the 
ratio cfa, while MnO has an opposite effect, causing a number of [B04] tetra
hedra to return to the structural units [B03] specific of vitreous B20 3

In the case of type В samples where the share of structural units [B04] 
is close by the maximum which can be obtained by the modification of alkali 
oxide content m this type of glasses, all .the metallic oxides added determine a 
decrease of the ratio c(a, therefore they have implicitly as effect the transfor
mation of some [B04] units into [B03] units. However, one remarks that while 
for the oxides Mo03, V20 5 and Co20 3 the ratio N J N 3 continues to decrease with 
the increasing of metallic oxide content, in the case of MnO, № 0 and Cr20 3 
the ratio c/а is not essentially modified with the augmentation of metallic oxide 
from 4% mol to 10% mol.

Therefore the conclusion follows that the accurate establishment of the 
effect of alkali oxides on the borate glasses structure is complex, depending 
both on the nature of metallic oxides and on the value of the ratio 
R — (x mol % B20 3)/(y mol % Na20) being imposed the study of this effect 
on more types of matrices and for more concentrations of alkali oxides

(Received December 4, 1979)
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e f e c t u l  u n o r  i o n i  p a r a m a g n e t i c i  a s u p r a  s t r u c t u r i i

UNOR MATRICI VITROASE P E  BAZĂ D E BOR 

(Rezumat)

în  lucrarea prezentă sín t expuse rezultatele obţinute dm studierea efectului pe care unii 
ioni param agnetici îl au asupra spectrelor RMN ale 11B din sistemele vitroase de tipu l x  mol% 
B20 3 — y  mol % N a20  cărora le-au fost adăugaţi în  concentraţu de 4% şi 10% (mol) urm ătorii 
oxizi metalici M o03, Cr20 3, NiO, Co20 3, V20 6, MnO S-a consta ta t astfel că aceşti oxizi influen
ţează structu ra  acestor sticle, deci şi proprietăţile lor fizico-mecanice, efectul oxizilor depinzînd a tît 
de compoziţia m atricn vitroase cît şi de na tu ra  oxizilor metalici utilizaţi
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INVESTIGATIONS UI/TRASONIQUES SUR U’ARCOOU PORYVINIUQUE

D. AUSLÄNDER, E. DARVAST, A. AUSLÄNDER

Introduction. Tes constantes de propagation de l'ultrason dans des solutrons 
de polymères permettent d'obtenir des données relatives au degré de dépolyméri
sation et à la cinétique des processus de polymérisation et de dépolymérisation 
[1], [2], [3], [4], [5]

A un moment т de la dépolyménsation, la masse moléculaire est illustrée 
par la formule

М  = Ае~к* + М„ (1) -
où K  est la constante de la vitesse de dépolymérisation tandis que A = M 0 — M.m 
M 0 représentant la masse moléculaire initiale et M m étant la valeur limite de 
la masse moléculaire que l’on peut obtenir dans les conditions expérimentales 
données, on aura

M x =
E  • m S2

? 5
(2)

où E  représente l’énergie de la liaison des umtés moléculaires du polymère, 
m — la masse moléculaire de l’unité structurale, 5X la distance inter atomique 
limite au moment de scission de la liaison mtermoléculaire, et q l’énergie de 
liaison des unités structurales moléculaires [6], [7], [8], [9]

Méthodes expérimentales. Ta corrélation des propriétés du polymère et 
des valeurs de la vitesse de propagation et d’absorption de l’ultrason a été réalisée 
dans des solutions aqueuses d’alcool polyvmilique, à concentrations différentes, 
par dépolymérisations ultrasoniques, dans des conditions expérimentales variables

Ainsi s’est-on servi de champs acoustiques aux intensités variées de 
4,1 W/cm2 à 8,4 W/cm2, aux fréquences de 20 kHz et 1 MHz, la température 
de travail se situant dans l’intervalle 35 °C—65 °C, le temps d’ultrasononsation 
étant de 3 à 30 minutes

On a établi, par des mesurages de densité et de viscosité, les masses molé
culaires moyennes initiales et finales ainsi que le nombre de liaisons scindées 
par macromolécule, dans les solutions à degrés de dépolyménsation différents, 
obtenues pour chacune des valeurs des paramètres, dans les intervalles ci-dessus

Résultats et discussion. La diminution de la masse moléculaire moyenne 
au cours du processus de dépolymérisation corrélativement au temps d’ultra- 
sonorisation est présentée dans la figure nr 1 pour trois valeurs d’intensité du 
champ de 1 MHz, dans le cas de la solution à concentration de 0,057%

Ta vitesse de dépolymérisation augmentant avec l’intensité, le temps de 
réalisation de l’équilibre, par l’arrivée à la valeur de la masse limite M m, s’en 
trouve diminué d’autant Dans les conditions expérimentales données, pour 
M 0 =  625 000, le degré maximum de dépolymérisation se caractérise par M m =  
=  26 000
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F i g  1 La dépolymérisation de 
l’alcool polyvmilique en fonction du 

tem ps d 'ultrasonorisation

F i g  2 L ’accroissement du nombre de 
liaisons scindées, avec le tem ps d ’ultra- 

sonorisation

F i g  3 V ariation de la viscosité des solutions à 
différentes concentrations

L’accroissement du nombre de liaisons scindées N, corrélativement au 
temps d’ultrasonorisation est illustrée par la figure nr 2, dans le cas de la 
solution à concentration de 0,057%, sous l’action d’un champ de 1 MHz, à 
intensité 7,1 W/cm2.

De la figure nr 3 il s'ensuit que, dans les conditions expérimentales données, 
à savoir fréquence =  1 MHz et intensité =  8,4 W/cm2, la concentration de la 
solution aqueuse d’alcool polyvmilique n’influencerait pas la dépolymérisation.

Quant à la température de travail, on y relève l’existence d’une valeur 
optima par rapport à laquelle les valeurs inférieures et d’autant plus les valeurs 
supérieures s’avèrent être défavorables à la dépolymérisation

En vue d’obtenir une caractérisation des systèmes étudiés et pour assurer 
le déroulement de ces processus sur la base de certaines constantes acoustiques, 
on a effectué le mesurage de la vitesse de propagation et d’absorption de l’ultra
son dans toutes les solutions préparées, leurs constantes de dépolymérisation 
étant déterminées On s’est servi à cette fin d’une méthode optique de diffraction, 
à fréquence de 4 MHz, respectivement d’une technique d'impulsion à fréquence 
de 10 MHz
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Les valeurs de la vitesse de propagation de l’ultrason et celles de la com
pressibilité adiabatique, calculées par la formule ßai =  — , ont été observées

pe5
dans des solutions à masse moléculaire moyenne connue

On a calculé aussi les valeurs des constantes Rao et Wada

R = - c ' / J , W =  — ß~lp (3)
p p

qui présentent des dépendances linéaires avec la concentration des solutions 
d’alcool polyvinilique

Tableau è

Valeurs des constantes acoustiques

t  U S

(mm) M (m/s) (10~10 m2/N) Rp W p

0 610 000 1 439,9 4,8340 497,98 2,53
5 235 000 1 439,6 4,8358 497,92 2,53

10 130 000 1 439,3 4,8370 497,85 2,53
15 95 000 1 438,8 4,8406 497,76 2,53

Appliquant les propriétés additives de la 
vitesse, respectivement de la compressibilité molé
culaire, on a calculé les incréments correspondants 
des unités structurales de masse . Rp et W p, portés 
sur le tableau I

On remarque l’indépendance, par rapport à la 
masse moléculaire moyenne, des deux incréments 
qui, de ce fait, deviennent les constantes acousti
ques caractéristiques de l’espèce de macromolécule 

L’intensification de l’absorption de l’ultrason 
avec l’évolution de la dépolymérisation est illustrée 
par le tableau II

L’origine de ce phénomène serait la variation de la viscosité de volume 
au moment de scission de la chaîne de polymère et la modification correspon
dante des fréquences de relaxation

Conclusion. Ces recherches relèvent la liaison existente entre les constantes 
de propagation de l’ultrason et le degré de dépolymérisation, tout comme la 
possibilité de caractériser le polymère par le truchement de certains incréments 
acoustiques

(Manuscrit reçu le 17 décembre 1979)

Tableau 2

Absorption de l’ultrason en fonc
tion du temps d’irradiation

t  us. 
(mm) *IP ■ 101’ • cm-1 • s*

0 32,28
5 32,48

10 32,66
15 32,94
30 33,84
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CERCETĂRI ULTRASONICE ASUPRA ALCOOLULUI PO LIVIN ILIC

(Rezumat)

în  lucrare sín t prezentate unele proprietăţi acustice ale soluţulor apoase de alcool polivinilic 
în funcţie de gradul de depolimenzare realizat prin interm ediul ultrasunetelor P n n  corelarea masei 
moleculare medn şi a num ărului de legături rupte cu viteza de propagare şi cu absorbţia u ltra
sunetului, se stabilesc increm ented acustice ale unităţilor structurale de masă caracteristice poli
merului.
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NO T E

ESR AND THERMOLUMINESCENT RESPONSE OF CaS04/Mn

F. KOCH

CaS04/Mn is distinguished in thermoluminescent dosimetry (TED) by 
relatively great and large y-ray sensitivity and low thermoluminescent tempe
rature. Metastable energy levels m crystal cau be distroyed by about 110°C [1]. 
We have irradiated the CyS04/Mn crystales prepared with the Z S p u m y  
method [2] with Co—60 y-ray, tested and applied it m dosimetry [3] I t  is accep
ted that the “light-storage” in these crystals is mainly m F and F ' centers and 
iron transitiongroup can act as a luminescence center, as a trap

In 1951 S c h n e i d e r  and England [4] reported on ESR of Mn m lumi
nescent ZnS powders I t  is important that L a m b e ,  B a k e r  and K l к u c h l 
[5] m 1959 reported for the first time a light induced ESR pattern (Fe3+ m 
a single crystal of CdS) I t  is stated also [6] that y, n, X, UV radiations pro
duce similar changes in monocrystals Thus the results obtained with an irradia
tion may be generalized and it is evident that there are у induced ESR pat
terns, too.

In our measurements [7], first the Mn can be identified by the appearance 
of the known six-line hyperfme and fine structure (fig 1) Intensity of the 
central ESR pattern yields direct information on the number of charge 
carriers trapped In fig 2 we reproduce the central part of ESR pattern 
by 1,7 -103 rad (I), by 5,1 103 rad (envelop, dotted line) II, and after 120 °C 
heating (dotted line, III) The g factor calculated from these measurements 
in the [001] direction was 1,9827 After 2,5 10 rad irradiation the six line 
hyperfine structure is in part distroyed and the ESR patterns become compli
cated. In fact, at these doses the crystals can’t  be used anymore m dosimetry.

F i g  1
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NMR

F i g  2

From fig 2 it follows that with the ESR method the great у irradiations 
can be identified disappearance of the irradiation centres Accordingly it can 
oe seen the possibility of using the ESK. m dosimetry and may be by archeolo
gical investigations [8] The advantage of the ESR method compared with the 
ТЕ lies m the possibility of repeating the measurements (it is not destructive).

(Received November 75, 7979)
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R E S  ŞI TERM OEUM INISCENŢA C aS04/Mn 

(Rezumat)

Cristalele C aS04/Mn termoluminiscente se iradiază cu rad iaţu  y la doze mari Spectrele R ES 
înregistrate ara tă  schimbări im portante a tît după iradieri, cit şi după încălzirea probelor, deschi- 
zînd astfel unele posibilităţi de folosirea R E S în dozim etria cu termolumm iscenţă
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LA CONDUCTIVITÉ ÉLECTRIQUE ET LA TENSION 
THERMOÉLECTROMOTRICE DU SYSTÈME Cr20 3- Z r 0 2

EMILIA MOŢIU, C. CODREANU, M. LANCEA, C. GII. MACAROVICI

On sait que dans le système Cr20 3—Zr02 il y a la possibilité d’obtenir 
des solutions solides [1, 2]

Afin de réaliser un haut degré d’homogénéité nous avons utilisé la méthode 
de préparation des substances par coprécipitation des composés oxydiques, à 
savoir, la décomposition thermique des coprécipitats de hydroxydes [3]

On a préparé des pastilles, pressées à 7 108 N-m—2 et synthérisées à 1500 °C 
sous vide Les contacts métalliques ont été obtenus par métallisation avec platine 
colloïdale

A l’aide de l'installation décrite en [4] on a mesuré la résistance électrique 
dans le domaine de température 20 — 1300° C, sur des pastilles métallisées et 
la tension thermoélectromotrice, sur des pastilles nonmétalhsées

Pour les onze échantillons du système, dont les propriétés électriques ont 
été étudiées, la composition chimique, exprimée en %mole, est présentée dans 
le tableau 1.

Tableau 1

La composition chimique en mole %

Echantillon Zr Cr ZrO CrO

1 0 100 0 100
2 10 90 18,19 81,81
3 20 80 33,33 66,66
4 30 70 46,16 53,84
5 40 60 57,14 42,86
6 50 50 66,66 33,33
7 60 40 75,00 25,00
8 70 30 82,35 17,65
9 80 20 88,99 11,11

10 90 10 94,74 5,26
11 100 0 100,00 0

L’analyse comparée des fonctions log p =  /  (1/T), figure 1, et de la variation 
thermique du coefficient de Seebeck <x =  ~  , figures 2 a et b, montre que
les valeurs de p, fonction de température, et la nature de la conductivité électri
que, d’après (sign oc), pour les premières compositions du système, sont compa
rables avec celles du Cr20 3, type p, ce qui nous détermine à supposer que le 
mécanisme de la conduction électrique est le même, c’est à dire Cr4-*- —*-Cr3+, 
mais favorisé ici par une possible transition Zr4 + — Zr3 +
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F i g  I La variation de la résistivité fonction 
de 1/T

F i g  2 La variation du coefficient Seebeck fonc
tion de 1/T

a) pour les échantillons 2, 3, 4
b) pour les échantillons 9, 11, à gauche, 
e t 10, à droite

J J
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D’après les deux valeurs de l’énergie d’activation thermique, tableau 2, 
on voit que les compositions riches en Zr (8, 9, 10) se comportent comme le 
Zr02 pur, avec une conduction mixte îomque et électronique.

No

E  ev

L’énergie d’nctlvation thermique

2 3 4 5 6 7 8 9
0,63 0,69 0,73 9,30 1,03

0,64 0,54 0,51
0,90 1,04 0,94 1,28 1,36

Tableau 2

10 11
1,02 0,90

1,36 1,39
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L ’échantillon (4), qui présente un abaissement plus sensible de la résisti
vité électrique avec la température, semble être un eutechtique [5], dont la 
température de fusion est 2200 °C, ce qui recommande cette composition comme 
matériau technologique pour des thermistances de haute température

(Manuscrit reçu le 3 decembre 1979)
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CONDUCTIVITATEA ELECTRICĂ  ŞI TEN SIU N EA  ELECTROMOTOARE 
ÎN  SISTEM UL Cr20 3 —Z r0 2

( R e z u m a t )

în  lucrare se studiază variaţia  term ică a conductivităţu  electrice şi a tensiunu electromotoare 
pentru o sene de probe din sistemul Cr20 3 —Z r0 2, preparate, pentru  prim a oară, prin piroliza 
coprecipitaţilor de hidroxizi de crom şi zirconiu



STUDIA UNIV BABEŞ-BOI/YAI, PHYSICA, XXV, 1 1980

SIMPLE MATTER-ANTIMATTER SYSTEMS

R . I .  CÂMPEASIU

The interest in the atomic and molecular systems involving antimatter 
has been aroused by the analysis of bubble-chamber reactions and by recent 
evidence on the existence of a significant amount of antimatter (antiparticles) 
m cosmos In most experiments antimatter is observed m the form of free, 
fast moving antiparticles However, there are quite a large number of papers 
dealing with bound state systems involving antiparticles Most of them were 
directed to the study of the positronium atom, the bound state of an electron 
with a positron There are also few experiments which show some evidence on 
the bound states between a positron and various atoms and molecules Most of 
the positron physics has been recently reviewed by G r i f f i t h  and H e y 1 a n d 
[!]•

The e+H2 bound state. We have tried in this work to show that the posi
tron does form a bound state with the hydrogen molecule For this purpose  ̂
we have used ATMOL implemented on the IBM—360 computer of University 
College London ATMOL is a package of programs which calculates molecular 
energies by a selfconsistent field method, using molecular functions as linear 
combinations of atomic wave functions

We have obtained first the binding energy of the H 2 molecule in its ground 
state by including m the calculation 7 s, 2s and 3s electron orbitals in the ae 
molecular state The electrons were represented by Slater orbitals containing a 
nonlinear parameter oq to be adjusted for the lowest H2 energy We found for 
the mternuclear distance R =  2 a u  the lowest energy —1.0863 a u  for oq =
=  1 08, which is above the best calculated energies m the literature ; in order 
to obtain a better result one has to include a much larger number of electron 
orbitals m the calculation However we are interested m a relative calculation 
and m considering the ground state of the e+H2 system we have used exactly 
the same wave functions for the two electrons The positron was taken in the 
2s, 3s and 4s orbitals both in the g u and a g molecular states Having fixed 
oq =  1 08 we have varied a2 of the positron orbitals to obtain the lowest 
energy

No bound state was found for the configuration a2g (electrons) g\ (positron)
— the energy was always above the H2 ground state energy. For the configu
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ration a* (electrons) gI (positron) and R =  2 a u  we found for a2 =  0.1 the 
energy — 1 2993 a u which is well below — 1 0863 a u of the H 2 molecule.

Ântiproton-hidrogen interaction potential. The p-TL system is, like H+, 
the simplest two-center molecular problem It has an exact solution which was 
calculated b y W i g h t m a n  [2] The interaction between antihydrogen and 
hydrogen, which has cosmological importance [3], cannot be calculated exactly 
and one has to choose between various approximations. Our purpose is to test 
two of these approximations on the p-H system, where we have the exact answer.

A first calculation was performed using again ATMOL with a simple electron 
configuration Is, 2s and 3s We have taken ax =  1 0 for the H wave func
tions and various values a2 <1.0 for the e-p function. The best results obtai
ned for an internuclear distance R =  1 a u were around —0 5004 a.u. well 
above Wightman’s —0 51 a u  On the other hand, the convergence of this method 
seemed to be quite slow

The second test was made by using the Rayleigh-Ritz variational method, 
with a trial function

Y ,= -(сл+адe
i = 7

where X and jr are the prolate spheroidal coordonates of the electron and 
k t, l, integers (l, even) given by

kt -f- l, <  со =  0, 1, 2, . . .
Table 1

a = ß 0 01 0 1 0 11 0 13 0 2 0 5 0 9

- 7 ( a u ) 0 500212 0 501010 0 501013 0 501012 0 500925 0 498287 0 487735

In table 1 we give the variation of the interaction energy with the nonli
near parameters a =  ß for R =  1 a.u , со =  8 (n =  45) The lowest value 

0.501 a.u. was obtained for a =  ß =  0.11. The convergence with со is shown 
in table 2 to be very rapid The study of this convergence allowed us to extra
polate to n -> oo

Table 2

w 0 1 2 3 4 5 6 7 8

-  F (a.u ) 0 2733 0.4307 0 4706 0 4851 0 4923 0.4962 0 4985 0 5 0 501
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The extrapolated value obtained for R =  1 a.u. and a =  ß =  0.11 was —0 5042 
a u  in good agreement with Wightman’s result We shall report in a future 
paper the results obtained with this method for the antihydrogen-hydrogen 
interaction potential

I  would like to  th an k  Dr A Malvern for few useful discussions on the use'of ATM Oh
{Received November 75, 7970)
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SISTEM E SIM PLE D E M A TERIE CU A NTIM A TERIE 

( R e z u m a t )

în  prima parte a lucrăm  se a ra tă  că pozitronul formează cu molecula de hidrogen o stare 
de legătură Apoi, avînd în vedere im portanţa cosmologică a interacţiunilor atom -antiatom , se stu 
diază două metode de calcul al potenţialului de interacţiune dm tre antiproton şi hidrogen R e
zultate foarte hune sín t obţinute cu m etoda Rayleigh-R itz într-un sistem de coordonate sferoidale.
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R E C E N Z I I

M V a s i u ,  Electro dinamica şl teoria relati
vităţii (Electrodynamics and theory of relativity) 
E d did şi ped , Bucureşti, 1979

Dr M Vasiu’s book is prim arily intended as 
a course of electrodynamics and theory of rela
tiv ity  I ts  aim is to  present an account th a t 
would give the reader a firm theoretical ground
ing ш  the subject However, it  m ust be emphasiz
ed th a t besides the theoretical problems of the 
electromagnetism the author presents modem 
applications throughout For example, the m ag
netohydrodynamics, waves ш  plasma, magneto- 
gravitational instability, wave-guides, electro
magnetic radiation and other present-day prob
lems of physics are treated  Some epistemological 
aspects of the physical phenomena from the 
point of view of the dialectical materialism are 
also analyzed

In  this volume an a ttem pt is made to  give 
a jo in t treatise of the electromagnetic field 
Besides the classical macroscopic and microscopic 
electromagnetic field theory the author also 
presents a quantum  mechanical point of view

By its content and structure the book of 
dr M Vasiu differs from others appeared m 
our country m  this area I t  is characterized by 
a clarity of ideas, its style is clear and easy 
to follow

The m aterial contained m the book has been 
arranged m 12 chapters and 16 appendices w ith 
a number of basic m athem atical problems A t 
the end of each chapter there is a selection of 
problems which is a very useful aid to  the stu 
dent For the most p art these are designed to 
supplem ent the tex t

The first brief chapter summarizes the funda
m ental relations of the macroscopic electro
magnetic field theory Maxwell’s equations m 
free space and m m aterial media, together w ith 
the boundary conditions are given Finally, the 
basic concepts of potentials are also introduced

The second chapter contains a short review 
of the classical theory of microscopic electro
magnetic field

The th ird  chapter deals w ith the theory of 
relativity  I t  is worth to rem ark th a t the author, 
besides the theory of special relativity, gives 
some basic concepts of the general theory of 
relativity

The following two chapters contam  the four- 
dimensional form of the macroscopic and micro

scopic electromagnetic field theory N oether’s 
theorem as well as the derivation of conservation 
laws from sym m etry properties are also given 

The sixth chapter is devoted to  th e  study  of 
the electrostatic field in free space Some general 
techniques for solving electrostatic problems are 
given and the theory of electric multipole is 
considered The end of the chapter is consecrated 
to the electrostatic field m  dielectrics

The nex t chapter deals w ith th e  problems of 
magnetostatics An entire chapter (VIII) is 
devoted to  the basic equations of m agnetohydro
dynamics together w ith some applications (frozen 
field Imes, pmch effect) The adiabatic invariants 
are also considered

In  the absence of sources and when a dielectric 
constant and perm eability characterize the 
medium, the macroscopic Maxwell equations 
are linear and homogeneous This m eans that 
wave solutions exist The basic problems oi 
the electromagnetic wave theory, including a 
model theory of the dielectric constan t and a 
discussion of the classical dispersion relation; 
together w ith the electromagnetic wave propaga 
tion m various m edia and inside waveguide; 
is the subject of chapter IX

The fundam ental problems of the electrom ag 
netic radiation is covered in chapter X  Th< 
subjects treated  are among others The retardée 
p o ten tia ls , Electric dipol radiation Magneţii 
dipol rad ia tio n , The Lienard-W iechert poten 
tials , Fields of an accelerated electron

In  the subsequent chapter the apphcatioi 
of the Fourier and Daplace transform s to  th  
study  of transien t phenomena in electrical err 
cuits is shortly presented

In  the last chapter the author considers th  
quantum  mechanical point of view S tartm  
from the H am iltonian of the electrom agneti 
field w ritten  under the form of th e  sum  c 
Ham iltonians of the harm onic oscillators i 
arrives a t the quantisation of the  free electrc 
magnetic field Finally, Vavilov-Cerenkov effec 
is considered

Despite its shortcomings (369 pages), howeve: 
the book should prove a good basic tex t fc 
the studen t if it  is used in conjunction w ith th 
literature

KARÁCSONY ;

I. P Cluj, Municipiul C luj-Napoca c. 3014/1980



In cel de al X X V-lea an (1980) S tu d ia  U n iv e r s i tă ţ is B a b e ş -B o ly a i  apare se
m estrial în specialităţile:

m atem atică

fizică

chim ie

geologie-geografie

biologie

filozofie

ştiin ţe economice 

ştiin ţe  juridice 

istorie 

filologie

Ha XXV году издания (1980) S tu d ia  U niversitatis Babeş-Bolyai выходит два раза 
в год со следующими специальностями :

математика

физика

химия

геологи я -геогр афи я

биология

философия

экономические науки 

юридические науки 

история 

филология

Dans sa XXV-e année (1980) S tu d ia  U n iv e r s ita t is  B a b e ş -B o ly a i  p a ra it semes
triellem ent dans les spécialités:

m athém atiques

physique

chim ie

géologie-géographie

biologie

philosophie

sciences économiques

sciences jurid iques

histoire

Dhilologie
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