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STUDIA UNIV BABE$--BOLYAI, PHYSICA, XXV, 1, 1980

THE VARICAP DIODES AS TEMPERATURE SENSORS
IN CRYOGENY

GH. CRISTEA, V. IONCU and D. STANILA

Introduction. The measurement and temperature control is the main
operation in any cryogenic research as well as 1n industrial cryogenic equipment.
For this purpose a number of devices, with temperature effects, have already
been reported in 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 matertals [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 in high specialized labora-
tortes, 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 1s well known. They are made 1n associated-groups of three or four in
such a way that parameter dispersion within the group 1s low. This is
necessary in order to satisfy the requirements of high quality temperature
Sensors

The temperature coefficient. As it 1s well-known, for a directly biassed
diode, the dependence of the current intensity through the diode junction, on
the diode voltage, 1s

e M

where I, 1s the saturation current at the given temperature, U,-the diode vol-
tage, m-a numerical constant whose value depends on the manufacturing techno-
logy (m =05 — 1), g-the electron charge, A-the Boltzmann’s constant, 7-the
diode temperature Since the power of e must be dimensionless, the quantity
kT [q should have the dimension of voltage Its wvalue, at the room tempera-
ture, 1s

Up="L~ 26mV
q

Replacing Uy 1n (1) 1t becomes
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1n normal working conditions U, ~1V, so the erro introduced by neglec-
ting 1 in (2) is less than 107® of the current value through the diode The
diode voltage 1s then easily obtained from (2). this beinge

m=%m@) (3)

s

For the calculation of the temperature coeffictent of the diode voltage
we must know the temperature dependence of the saturation current through
the diode junction If I, is the saturation current at a reference temperature
To(= 273 KX) then the saturation current at any temperature T is [4]

anC(l 1
Ti™ 7o T)
I =Isa’—) ek ’
[

where U, 1s the internal contact potential difference at junction Replacing (4)
m (8) we receive

BRI U k T
I,=U,+T|"In|[2|— =2+ Zmin{=
P ot [”‘l " ‘\Iso] T, + nq " n(To)] (5)
For T=77K, »n=0.5 and m = 1/2, the last term in the square brackets
1s approximately 1074, thus (5) can be approximated to
U k I ’
Uy U,—|Z=—~Z1In2
b2 U [t T ®
This equation shows that diode voltage must be a hnear function of tempera-
ture. By taking the derivative versus temperature it follows

(7)

The BB105 diode has the values I~ 1071A, I, ~ 10—A and U, ~11V.
Replacing these in (7), the value of temperature coefficient of the diode voltage
will be

oy = 3_‘; = —1646 mV/K 8)

. The measurement of temperature coefficient. To verify the linearity of
the equation (6), as well as for experimental determination of the temperature
coefficient o, we have made use of circuit shown in figure 1 We have chosen
such a U, 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
mulivolt. First, the bridge 1s balanced by P, potentiometer to compensate the
diode voltage at a given temperature We have done this at T, = 77K, so
that measured U, value was proportional to the difference 7' — T, 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 BBI125 varicap diodes.
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Fi1g 1 The diagram of the bridge Fi1g 2 The temperature 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 stuckto a
massive metallic electrod The electrod was then immersed 1n a dewar vessel,
containing liquid nitrogen To avoid the condensation of water vapours a mnitro-
gen atmosphere was created in the vessel. The other welding of the thermo-
couple was kept in 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 microvoltmeter
of 1MQ 1input .resistance. This equipment enabled us to trace the temperature
dependence of U, with an accuracy of 102K

The temperature characteristics of U, voltage for the investigated diodes
are shown 1in figure 2. As 1t is seen the characteristics are linear within the
investigated temperature range Theslope 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 in 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
( Recewved March 12, 1979)
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DIODE VARICAP-SENSORI DE TEMPERATURA IN CRIOGENIE

(Rezumat)

In lucrare se studiazi proprietitile unor diode varicap de fabricatie romaneasci, ca ter-
mometre la temperatur1 criogenice Se calculeazid valoarea coefictentulu1 de temperaturd al tensi-
unit pe diodi §1 se deterrmni experimental valoarea lut Linearitatea caracterstictlor de tempe~
taturd s1 valoarea mare a coeficientulur de temperaturi ale acestor diode le recomandi ca semsor
de temperaturi cu inalti sensibilitate
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MOMENTE MAGNETICE LOCALE IN ALIAJE TERNARE
PE BAZA DE NICHEL

C. COREGA si GH. ILONCA

Introdueere. Articole din ultima vreme impun necesitatea revizuirii anu-
mitor consideratnn asupra comportdrii magnetice, in domeniul dezordonat al
nichelulm feromagnetic 51 a unora din aliajele sale Se stie ci principala deosebire
dintre modelul localizat s1 cel de bandi se referd la saltul de entropie pe care
le prezic acestea, la tranzifia ordine-dezordine Cum diferenta dimtre valorile
prezise de cele doud modele este aproape nesemnificativd in cazul nichelulus,
Beck st Flynn [1] au ardtat posibilitatea existenfer momentelor mag-
netice locale in N1 deasupra temperaturn de tranzifite Printr-o analizd pe calcu-
lator a datelor experimentale de susceptibilitate magneticd staticd au reusit
sé le fiteze cu o lege de tip Curie-Weiss atectatd de o contributie in susceptibili-
tate mndependentd de temperaturd, peste 1000 K Constanta Curie astfel deter-
minatd 1mplicA un moment magnetic efectiv p,, = gS(S + 1)¥2 = 1,36 y,,
unde up este magnetonul Bohr iar S numdrul cuantic de spin Considerind g = 2
se obfmme M = gS = 0,698 pg

Ideea a fost preluatd de S Arajs st J R Kelly [2], care anali-
zind comportarea magneticd a aliajelor N1Al, ajung la aceeast concluzie

Scopul lucrarn de fatd este de a aduce no1t argumente in sprijinirea acester
1de1, studund aliajele ternare NiCrAl, Ni1CrT1 st NiMnT1 Alegerea acestor aliaje
nu s-a facut intimplitor a1 datoritd faptulur cd in cadrul aproximatier CPA
(Choerent potential aproximation), folositd curent in studiul aliajelor magnetice
dezordonate, acordul cantitativ intre calcule g1 datele experimentale nu este
cel ma1 satisficdtor in cazul aliajelor binare NiCr s1 NiMn, la concentratu de
peste 59, at impuritate (Cr Mn) [3, 4], necesitind deci o altd metodi de studiu.

Rezultate si diseutii. Aliajele studiate au fost objinute prin topire in arc
electric In atmosferd de argon Investigarea proprietdtilor magnetice s-a ficut
pe baza masurdtorilor de susceptibilitate magnetica statica, efectuate cu o balanta
de tip Faraday, avind o sensibilitate de ordinul a 102 uem/g

In cazul sistemului de ahaje NiCr,Al,, unde 0 < % < 4, 0 < y < 9, datele

experimentale au putut f1 fitate satisficitor cu o lege de forma x = x, -+

T—e[r
pentru temperatur: superioare cu aproximativ 200 K temperaturilor de tran-
zitie Momentele magnetice efective astfel determinate respectd o lege de variatie
limiard fatd de concentrafia medie de extraelectroni, adusi de elemente impuri-
tate (fig 1) Pentru ahajele confinind 3% at Cr s1 0—99, at Al momentele
magnetice p pe atom de michel, calculate cu ajutorul momentelor magnetice
efective u,, vamazd limar in funcfie de concentrafia atomilor de aluminiu.
Dupd cum se vede in figura 2, dreapta astfel objinutéd este paraleld cu cea care
rezultd din masurdtor:t de saturafte, primele valori fiind superioare cu aproxi-
matv 0,2 pp fatd de ultimele Luind in considerare efectul antiferomagnetic
al cuplajulur electronilor localizati cu cet de conductie folosindu-ne de valorile
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obtinute pentru Ni de cidtre Aramnjs s1col [2]in aliajele de N1Al cu concen-

tratia de Ni egald cu cea din aliajele noastre (N1—Cr—

Al) am recalculat momen-

tele magnetice obfinind in final dreapta din myloc, figura 2 Se observa ca
diferenta dintre valorile de pe aceastd dreaptd s1 cele obfinute din mésurdtor:
de saturatie este de aproximativ 0,1 pp valoare ce poate fi comparatd cu cea

Het [pupd
15
13
11
09
Fig 2
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pusd in evidentd in lucrdrile [1] st [2], s1 care este interpretatd cu o polarizare
negativd a gazului electrontlor de conductie

Rezultatele aseminitoare s-au obfinut st in cazul aliajelor NiCrTi con-
tmind 39 at Cr st de la 0—99%, at T1 (fig 3). S-au considerat, in calcule, ci
Ti is1 aduce o contributie doar in cadrul amesteculu1 s—d Efectele de ordonare
magneticd de ,,short-range” existente s1 in cazul aliajelor Ni1CrAl [5] sint mai
puternice in acest sistem de aliaje, lucru ce rezultd din diferenta de 0,1—0,2 pp
intre valorile calculate st momentele de la saturafie Variatia diferentel precatcutat —
— Usaturape i1 functie de concentrajia de Ti se poate pune pe baza modificdri
polarizdrii negative a gazului electronic ca urmare, in principal, a modificiru
densitdtii de stin prin adifta atomilor de titan

Efectele de ordonare magneticd de ,,short-range” sint mult mai puternice
in cazul aliajelor NiMnTi, continind 3% at Mn si de la 0—99% at Ti, fapt
care face ca modelul folosit ma1 sus si nu poatd fr utilizat cu succes la acest
sistem de aliaje. Din figura 4 se observi cd punctele Curie feromagnetice se agazd
pe un arc de curbd in timp ce momentele magnetice efective si cele de saturafie
prezinti o dependenti liniari faji de concentrafta atomilor de titan Intrucit
si in cazul aliajelor N1Ti [6] temperaturile critice se agazd pe un arc de curbd
rezulti ci atomii de Ti sint cei care determind, in principal, forma dependenfei
acestora de concentratia elementulur impuritate Se cere a fi menfionatd buna
concordantd intre rezultatele noastre $1 cele din hteraturd Astfel, momentul
magnetic mediu pe atom de mangan variazi de la 2,32 la 1,83 u, cind concen-
trafia atomilor de titan creste de la 0 la 759, Dependenta raportului dintre
numirul de purtitori magnetict din starea paramagneticd st cet din starea fero-
magnetics, de temperaturile critice feromagnetice, prezentatd in figura 5, atestd
faptul cd explicarea comportirit magnetice a acestor aliaje in cadrul unui model
de bandid rigidd nu este satisficidtoare

Coneluzii. In urma studiului celor tre: sisteme de aliaje pe bazi de N,
se pune in evidentd existenta momentelor magnetice localizate s1 in aliajele ter-
nare in acord cu idede i1 Beck st Flynn [l], punindu-se totodatd in
evidentd prezenta pind la temperaturi suficient de inalte efectele de ordonare
magneticd de ,,short-range”
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Presupunem ci modelul LEBV generalizat de douii benzi ar descrie
mai bine din punct de vedere cantitativ rezultatele experimentale in cadrul
sistemelor ternare pe bazi de nichel.

{ Recswoed March 14, 1979)
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LOCATED MAGNETIC MOMENTS
IN TERNARVY ALLOYS WITH NICHEL

(Summary)

It was deternuned the temperature dependence of magnetic susceptibiity NiCrAl, NiCrTi
and NiMnTi ternary alloys in the concentration ramnge of 1—2% at Cr, Ti, Mn, respectively,
between 80—1200 K Magnetic susceptibility data satisied Curie-Weiss modified low

The study of these systems have put imn evidence the existence of the located magnetic mo-
ments 1n ternary alloys with nickel in agreement with the ideas of Beck and Flynn [1]
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THE USE OF THE KOHN METHOD IN A RE-ARRANGEMENT
PROBLEM

R. I. CAMPEANU

Intreduction. The use of the Xohn method 1n elastic collision calculations
was proven to be very fruitful Imitially used in nuclear few bodies problems
[1, 2], the method was then extended to atomic collosions, where 1t gave excel-
lent elastic phase shifts when employed with a sufficiently elaborate trial func-
tion [3, 4] In spite of this succes in the elastic case, the Kohn method was
never employed 1n an atomic inelastic collision calculation We believe that
this 1s due to thc extension of the calculation rather than some mathematical
difficulties FHowever, modern, fast computers: can cope with the amount of
numerical work requred in a few bodies inelastic collision calculation

The re-arrangement processes are of paiticular interest among the inelastic
collistons In atomic physics, such a process 1s the positronium formation, which
appears as an interesting feature of the positron colliston on both atoms and
molecules The positiomum (Ps) 1s a bound state of an electron with a positron
and has a lifetime before mutual anmhilation of about 107 sec. when their
spins are antiparallel (para-Ps) and 10717 sec when their spins are parallel
(orto-Ps). These lifetimes are long compared to the collision time, which is
of the order of 1077 sec Thus, 1t 1s meaningful to talk about positronium
formation by collision

Calculations on posttrontum foimation by positrons colliding with hydro-
gen atoms are not as numerous as oun elastic scattering Farlier work includes
the Born approximation of Massey and Mohr [5] and the mmpulse
approximation of Cheshire (6] Bransden and Jund: [7] obtamned
formation cross sections in 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 Fels and Mittleman [8]and Cody etal [9] More accurate results
were obtained by Dirks and Hahun [10]and by Chan etal [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 and p-wave 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 §(7,, 7,) can have two distinct asymptotic
forms

$(F1 72) o Pp(ra)E(r1)

r,—+0

"'H(Fl! 7—’2) T (DPS(TIZ)G(P)

p—re

(1)
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where »; and 7, are the positron and respecﬁvely the electron coordinates relative
to the proton, which is considered infinitely massive and fixed at the origin

of the coordonate system, p= % (1 + 7,) 15 the centre of mass coordonate of

the positronium atom , ®g(r,) and @, (#,,) are the hydrogen and the positronium
ground state wave functions They satisfy the Schrodinger equations (atomic
system of units)

— Vi 2 4 1) Oy(r,) =0
| L @)

(= 29—+ 5] @l =0

LT

and are explicitly given by

Dp(ry) =n2 exp (—7y)

Fip 3
Qp(715) = (Br)~12 exp(— f’ (3)

The functions F(r,) and G(p) satisfy asymptotically the free particle equa-
tions

(Vf, + #*) F(r) =0

4
|5 Vet 5 B Gle) =0 @

where £ and K are the positron and Ps momenta respectively
The total energy of the system i1s shared differently in the two asymp-
totic situations
E=W+%=%W+Em (5)
and therefore K2 =2(k* + E,; — Ep,) = 2R* — 1
The s-wave Schrodinger equation of the system (H — E)¢ = 0 can take
two alternative forms due to the asymptotic relations (1)

—Va Vi = R D 1= B, ) =0
£ 712 "1 (6)
g Ve aVh - = =2 LS K4, ) = 0
12 7,y 71 2 2
They can be rewritten by using (1) and (2) as
(—Vf,*—i + 2 *kz)“p(;h ) =0
12 1 (7)

(-3 Ve ot = S KU, 7 =0

2 ¥y ¥y
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We denote two linearly independent solutions of (7) by ¢, # = 1,2 Since F
and G satisfy asymptotically (4) we can write the s-wave components of ¢, as-

¢y = \/— [70(k7y) — Ryytq(kry)(1 — e=2) [ Dpy(r,) —

N
— \/ Royno(Kp)(1 — e7%°) Qpg (71,) +:/4— &l (8)

b=/  Rygmolbr)(1 — =)@ (1) + \/ff [0(Ke)— Ragto(Ko) (1—e~19) 1
4 2w

X Dpy(r1s) + V— 2 s

47!.' =1

where 5, and #, are the Bessel and Neumann wave functions, describing the
correct asymptotic behaviour of the system and the binomials multiplying the
functions 7, ensure that every terin i (8) 1s fimite at #, =0 or o =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
¢,, 15 given by the number of short range Hylleraas terms y, :

% = €Xp (— ary — Bro)rPriny ©)

with %, -+ I, + m, < w, all non-negative integers

Ruw (m and » =1, 2) are the R, matrix elements (the trial symetric
reactance matrix) The exact R matrix 1s related to the S and T-matrix by
the relations

T = , S=1-—T C o (10)

and to the cross section for the reaction from the channel # to the channel
# by.
R 2

1 — 2R un

(11)

o 2
mn k:;
where ¢,,, is 11 umts of wna2 and &, =k, ky = K

The Kohn procedure. The Kohn variational invariant may be written
as [13].
Enm == R»mt — < "pmt IH'_ El %; >, m,n = 1 or 2 (12)

where the variational R
error term

. Qiffer from the exact values R,,, by a second order
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One can simplify the notation by writing

5 = \/ ;jo(/,en) Oylr,) 5, = \/ IZ JolKo) Opelraz) =

ra _ (13)
€= — \/‘i no(kry) (1 — e=2n) Dy(r,) €y = — '\/;ﬁr 1o(Kp)(1 — e7%) Op,(ry,)

Using (13) the variational expression (12) becomes
Run = Ryps — {81m01n < $1.L8y > + RypyRuyy < Loy > + 8, Ry, < 6Lsy > +
+ SRy < S1Ley > + 83, Ry,, < €oLsy > 4 83, Ry, < s5lcy > 4
4 82 82p < SaLsp > 4 RypyRope < ciLcg > + (81,01, + B0 d1n) < Salsy > +
4 (81 Rop; + 31aRop;) < €oLsy > + (SauRin + 324 Rimy) < Seley > +

+ (RomRam + RomBRom) < celer > + (31,80 + 80,31, (206, < 5oLy, > +
+ Ejjd, < sy, >) + 28,5, E;e, < sily, > + 28,8, ; d, < sgLy, > +
+ (BnRan + RanyBin) 256, < calty > +(RipiBn + Suna) ?d; <ely, >+
+ (81,,R1y + Ryydi) E e, < Ly, > + (33mRop + Romedon) 2 d, < c,Ly, > +
+ 281m81n23‘; ee, <y, Ly, >+ 283,,,82”2;213 dd, <y Ly, > +

+ 2 (8182 + 82mB1a) 20 20 ey, < . Lyu>}, (14)
LI |

where L = H — E
The Kohn method considers the variations with the linear parameters
in the vanational invariants (12) which are to the first order equal to zero

aRmn — O, aRmn — 0’ aRmn — 0 (15)

ORyyut oe, dd,

with 2 and 9y =1,2, .. N

One can show that the total number of independent equations 1s equal
to 2N + 4. For instance, one can apply Xohn's procedure (15) to the station-
ary forms R;; and R,, and 1t is then easy to show that any equation coming
from R,, and R,; 1s a linear combination of the first 2N + 4 equations.

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

{eyLe 0 KeLey) 0 Lolyyy Leflyy)> O 0 Ry —<{eLsy)
{6sLer) 0 <deleyy 0 Ly (. CeLynd> O 0 Ryt —{6Lsy)
0 <eolesy 0 {eley) 0 0 {eolys) {eaLan) Ry, —{6sLsy)
0 <{eLey) 0 (egleyy O 0 {eLy {erLynd Ryop —{s5Ley)
Ly 0 Caaly) 0 ulyd {ulywy © 0 éN =<8 Ly
. . . . . . . . N (16)
{elawy 0 LeLuwd> 0 lawlud <uwLuwd 0 0 eN —{siLand
ey 0 Cealyy) O 0 Gl <l d —<selits>
0 <elywd> 0 <LeeLyy> 0 0 (wlwy  awlxad |l dn —<Selyxwd

After solving the matrix-equation (16), the solution X can be used 1 the equations
(14) to obtain the variational values R,

mn

In writing (14) and (16) we have used the equations.

< S'an” > = < S’ILS”I> < s’)lLCﬂ > = < CﬁLsﬁl >
< e le, > = <c¢,Lc,> < s Le, > = <¢,Ls, >+ 1, (17)
with m # #n and m, v =1, 2

which are proven 1n 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 -

< Sley > — <ellsy > =0 (A1)
The only part which might not be zero in (Al) 1s
. 2 i 2
<3§,—2V3,n01>'—<01'__2V£m52> (AZ)
m=1 m=1

with s, and ¢; defined in (13)
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Applying the Green theorem, the expression (AZ) can be wntten as
. - - a
AT 252 { 0y o[ Ke) D, 3 [mafhra)(1 — e)] —
S

2 ¥y
n 25

— Oyl — o) LK @p))  — L[ ag)

700 2 2

71\ ds P
i’ S 2 . rsoo
where
d;m ES ;\'2'7’3,, Sin emdemd(Pm (m — 1, 2)

The expression (A3) is zero because 11 any term involved there 1s an expo-
nential function ®, or ®p, which will be zero as #,, —
From the two integral relations of the second type let us take

< siLey > = <elLs; > + 1 (A4)

The integrals < s;Lc¢; > — << ¢;Ls; > can be written after the use of
the equation (2a) and the integration on r, as

~ (@7, aVie — m0 Vire} - (45)

v
where the factor (1 — ¢=*) was dropped as 1t 1s not mnfluencing the result. We
can apply the Green theorem in (A5)

- k ony d
- g s, 4::{'7061 — Hy ﬁ}’r_mo (A6)

1 ary

and taking only the leading terms as #; — oo, (AG) becomes

— L S?Wf sin 6, 40, do, |— 22— °_°S*k’1} - (A7)
4r { 73 ri
S
, 27 T
=4—Tch<plgsig 0, d0, = 1
0 4]

(Recesved June 6, 1979)
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METODA LUI KOHN INTR-O PROBLEMA DE REARANJARE

(Rezumat)

Metoda lu1 Kohn are un deosebit succes In rezolvarea problemelor de ciocnire elastic, dar
nn a fost niciodati utiizatd intr-o problemd de ciocmire inelasticd Se foloseste un caz tipic de
proces de rearanjare — formarea pozitronmlui prin 1mpact pozitronic pe atomul de hidrogen —
pentru a se testa calitifile metoder lun Kohn intr-o problem3 inelasticd In aceastd prima lucrare
se formuleazi metoda pentrn o functie de incercare confmind funciu de razid de acfiune scurti
de tip Hylleraas §1 se reduce problema' a rezolvarea unet ecuatu matriciale

2 — Physica — 1/1980
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STUDIUL R.E S. AL [Ca(NH,CH,CH,0H),]Cl, ADSORBIT
PE $10, SI AlLO,

0. COZAR st V. ZNAMIROVSCHI

Tn lucrarea de fati ne-am propus un studiu al influenfer suprafefelor SiO,
st Al,O4 asupra complexulu1 albastru [1] de Cu(II)-monoetanolamini

Silicagelul folosit este fabricat de Mallinchrodt Chemical Works s1 notat
prin ARCC-4/100—200, cu suprafata specifici de 600 m?/g, iar alumina este
de tip Carlo Frba cu suprafata specificd de 75 m?/g

Probele s-au obfinut prin impregnarea pulberilor respective timp de o
ord in solufit apoase avind concentrafia de 5 mgfem® Dupd uscare in aer la
70—80°C pentru inldturarea excesului de apd, acestea au fost inchise in tubur
"de sticld cu diametrul de 1,5—2 mm

Spectrul R E S obfinut la temperatura camerei pentru probele cu S10,
avind un conjinut de ~ 2 monostraturt apa (fig. la), indici coexistenta a doud
tipur1 de complecst unu legaf1t de suprafafa suport, ce dau un spectru carac-
teristic faze1 solide, inghetate, st altii care patrund in poru sau cavitifile silica-
geluluw unde rdmine apid In exces, spectrul dat de acestia fund asem#nitor
fazei lichide, solufiilor apoase Spre deosebire de spectrul obtinut pentru
[Cu(trien) SCN]SCN absorbit pe silicagel (2], in cazul monoetanolaminei, com-
ponenta datorati complecsilor cu mobilitate ridicatd este destul de slabi, numa-
rul acestora fund mic, probabil datomtd dimensiumlor marn ale moleculelor
de ligand, fapt ce ingreuneazd pitrunderea lor in cavitdfile suportulu

Printr-o deshidratare suphmentard a prober in aer la 70—80°C, spectrul
devine tipic fazer sohde, cu linule hiperfine din banda paraleld rezolvate, ceea ce
indicd o imobilizare a tuturor moleculelor de complex

Forma g1 parametrii acestu
spectru (fig 1b) ramin neschimbati
prin inghetare la 77 K, ceea ce
inseamnd cid structura si pozitiile
complecsilor nu se mai modifica
semnificativ.

In cazul utilizini aluminer
ca suport, spectrele RES obfinute
la temperatura camerei prezintd o
anizotropie clard, linitle hiperfine
din banda paraleld fiind complet
f I rezolvate fard o deshidratare su-
g g, plimentard (fig 2a) Acest fapt

0 | Specteele RES ale Caft] tanolamma aratd cd in cazul aluminei toate
1g pectrele ale Cu(II)-monoetanolamm 2 1xXa-
pe S10,, la temperatura camerer (a) — probid cu ~ 2 moleculele de complex sint fixa

monostraturt api, (b) — dupi deshidratare suphmen- te de suport datoritd suprafetq
tard (~ 1 monostrat) specifice reduse s$1 a refmeri

-3/2

(a)
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unei cantitdfs mic1 de apid -3/2
{< 1 monostrat)

Spre deosebire de spectrul
din fig 1b, in cazul Al,O, apare
o separare clard Intre semnalul (a)
my = — 3f2 din absorbfia para-
leld si cel caracteristic absorbiiej
perpendiculare (fig 2a) Forma
spectrului rimine aseminitoare
st la 77 X (fig 2b), modificindu- “32

Tg,. 191

se doar raportul intensititii celor Yy -
doud semqalevmep’plonate mailsus  gp,g 2 Spectrele RES ale Cu(II)-monoetanolammi
Pe 11nga dlferentele obser=- pe ALO, (a) — la temperatura camerei, (b) —1a 77 K
vate in forma spectrelor, se con- .
statd de asemenea si modificir ale valorilor temsoruluir g si de structurd -

perfini A, in functie de suportul utilizat (tabel 1)

RV P}

Tabel 7
A A 2 2 2
Suprafata suport &y &y (10~ Iclm“l) (10~ am™1) o B §
S10, 2,186 2,040 163 19 0,70 | 0,60 | 0,52
Al O, 2,245 2,068 188 19 0,86 | 0,64 | 0,72

Spectrele RES obtinute, precum st valorile parametrilor g, > g; > 2,002,
aratd ci simetria dominanti a complecsilor adsorbifi pe cele doud suprafete
este axiald (D,,) cu electronul paramagnetic in orbitalul d,:_,». In aceste const-
derente, orbitalu moleculart de antilegdturd caracteristici stirii fundamentale
st celor excitate ale electronulut 34 sint [3]

Big > = ado_y— o O — 5%) (1)

{Bag > = Bduy— (1 — B9 Dp(xy) @)
8dy, — (1 — 37 @ (x2)

B, > = (3)

1
8dy. — (1 — 8%)% Dp(y2)
Parametrii de legiturd ce intervin in (1)—(3) pot fi evaluatr (1, 3| din
relatule

o =120k 4 (g — 2,002) 4+ > (g1 — 2,002) + 0,04 )
32 = — —————‘(gl\ 8_)\:;002) Axy (5)

— 2,00
3 — — (f'_-l-_ziz_z) A, _ (6)

unde A,, = A, = 15000 cm—? {1]
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z
T M NHyCH,yCHo0H

Z
h OH2 v
| M M
M Cu/ M-y M——Cu My
| M|
X/M X 5=
e O, /' o) 7/
(a) (b)

Fi1g 3 Model structural pentru complecsu adsor-
bitt pe S10, (a) s1 ALO,; (b)

Diferentele care apar intre parametrii RES s1 cel de legiturd caracteristici
complecsilor adsorbif1 pe cele dou#d suprafete pot {1 explicate prin suprapunerea
in" cazul aluminer a uner componente de simetrie C, peste cea D, (fig 3)
Datoritd suprafeter specifice reduse, alumina prin uscare retine o cantitate de
apd st radicalli OH, fixati in general deasupra iomilor Al3+ rdminind totodati
iom1 O~ in stratul superior descoperift [4] Acestia constituie pozitu favorabile
de fixare ale moleculelor de complex pe suprafata suport, astfel incit alumina
participd la structura complecsilor adsorbift printr-un 1on O?—, care le imprimi
acestora o componentd de simetne C,, (fig 3b)

Spre deosebire de Al,O; stlicagelul refine la o uscare normali ~ 2 mono-
straturt apd, fiind astfel posibild coordinarea a cite uner molecule H,O pe directia
Oz [5], atit sub planul 20y, cit s1 deasupra lu1 (fig 3a)

Faptul cd in cazul adsorbtier pe alumind complecsit au o componentd de
simetrie C,, este demonstrat de valorile mai mar: ale constanter de structurd
hiperfind 4, [6], precum $1 de rezolvarea netd a semnaluluit m; = — 3/2 din
banda paraleld (fig 2) Acest semnal este ,impins” spre valori mai mart ale
cimpului magnetic, 1ar absorbtia perpendiculari este deplasati spre cimpuri
ma1 joase, comportare analogd cu cea intllmitd la complecsii de vanadil ce au
in general o configuratie C,, [7], rezultind astfel g; (pentru Al,O;) > g, (pen-
tru S10,)

Fixarea mai puternicd a complecsilor pe AlLO, decit pe S10, este favori-
zatd st de aparifta unor posibile legitur: intre moleculele de ligand bogate in
electrom §1 1onmu de alumuniu din straturile inferioare Datoritd acestor legitur
in moleculele de complex are loc o extensie a distanter Cu—N, ceea ce duce la
slibirea gradului de covalentd al legdturn o prin cresterea lut «? de la 0,70
(pentru SiO,) la 0,86 (pentru AlO,)

(Intrat tn redactie la 10 septesmbrie 1979)
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ESR STUDY OF ADSORBED [Cu(NH,CH,CH,0H),]Cl, ON $:0, AND AlLO,

(Summary)

It has been shown the existence of two complexes on $10, surface, one of them 1s bounded
by surface and another which moves in the cages of S10, In the case of AL,O; only the first
type of the complex 1s formed

On 810, surface, the complexes are bounded by OH, having Dy; symmietry, while on the
Al,0, surface these are bounded by O?~ having a component of C,; symmetry The bonding 1s
stronger on this last surface
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ASUPRA" ECUATIILOR DE MISCARE ALE PARTICULELOR
CU MASA DE REPAOS ZERO

Z. GABOS

In teoria cuantici a particulelor libere cu masa de repaos zero st spinul
mai mare ca 1/2 pe lingd ecuatule de migcare propriu-zise se folosesc unele relatii
care servesc la selectarea stirilor de polarizare posibile Astfel de condifu au
fost date de O I,aporte, G. E Uhlenbeck st R H Good, Jr
{1, 2, 5] pentru particulele cu spinul 1 s1 2 In aceastd lucrare vom scrie con-
difiile referitoare la particulele libere cu spinul 3/2, utilizind ecuatiile de migcare
de tip Joos-Weinberg.

1°. Pentru particulele cu masd de repaos zero s1 spinul s avem ecuatiile [4]

-
YU-:U-: has 2—' = 0’ (1)

axlh
au urmatoarea structurd [3]
0 —1*M, .,
Y 4 4 :( ( ) ’ e (2)
Alix md 4 0

Vectorul de stare ¥ este compus din vectorit ¢ si y cu cite 25 + 1 componente
Dintre relatiile (1) numai ecuatiile

unde matricele v, ,. .

v ¥
Yot 4 —=0, Yy «—=0 (3)
dxy, dxp,

sint independénte. Prima relafie de sub (3) prin utilizarea expresitlor [3]
My 4= {(=1)%%11 Mp 4 =11(—1)>* 1 S,
S

unde I este matricea unitate si S, sint matricele de spin, ne conduce la ecuatiile

g 1 (2 9\,

o Brlle=0 ®
J -

L _ri8s 2 = 5

[3x4 s ( ’6;)](9 0 ( )

Pentru solujta de undd pland cu impuls ;'; bine determinat
v, — (‘PO(P) )exp (’i]bx) _ ((P) (6)

Xo(P) .

din (4) 51 (5) rezulta

(S, &po = so, (S

-

, €Yo = — SYo» CU &=

e
—
3
=
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prin urmare, pentru ¢, # 0, xo =0 avem solufia cu helicitatea pozitivd, pe
cind pentru ¢, =0, xo # 0 avem solujia cu helicitate negativd Prima ecuatfie
de sub (3) este deci ecuajpra de miscare care ne conduce la cele doud solutn
admise pentru particule cu masd de repaos zero Deoarece prima ecuafie de
sub (3) ne furnizeazi proprietdtile particulelor, a dona ne dd unele condifu
suplimentare

Avind in vedere cd vy 4= Y4 451

My o= (=1 2 2 (5,5, + 5,8 — I8, |

in urma elimindru cu ajutorul lu (4) st (5) a derivater in raport cu x, dn relatia
a doua de sub (3), se ajunge la conditia

s —1 1
S, - — ®=0
[52(25 -1 SeSy s(2s — 1) ]a P ®)
unde @ poate f1 sau ¢, sau y
n cazul s = 1, cind .
0 0 0 0 0 0 — 0
=10 0 —f, S,= 0 0 0}, S;=1|» 0 0 9)
0 0 — 0 0 0 0 O
pentru cele trei componente ale lult ¢ 51 % avem
o, = E, +1B,, ¥, = E, — 1B, (10)
Vectorii E st B satisfac ecuafile de miscare
rotE——lél—B, rot B=1% (11)
c ot ¢ Ot
st condifule
div E =0, div B =0 (12)

(4) (5) si (8) ne furnizeazi deci rezultatele stabilite de O T aporte, G. E.
Uh lenbeck si R H Good, Jr [1, 2]
Pentru particulele cu spinul 2 avem

0 00— O 00 — 0 O 0—-20 00
0 02 0 0 00 0 — O 2% 00 00
S;={0—0 0 0]Si=|20 0 0—4y3|S:=[0 00 —0] (13
1 00 043 0+ 0 0 O 0 0. 00
0 00 —1u4/30 00:4/3 0 0 0 00 00
11— &2
2815 .
o = —2¢815 y L= 0% g+ o2t 8 =0, (14)
_Zg% gtJ:th

3¢as
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Utilizind (8) si introducind notatia g, =e¢,, + 1b,, se ajunge la conditiile

‘3&1=0, by , ,7=1,2,3 (15)
0%y 0%y
Din (4), (5) si (15) se obtin ecuatiile de miscare
Gey _ Loy e, Pu 1%y
YY) o1y c ot ) 1kl 6xk ¢ o (16)

Relatule (15) s1 (16) au fost stabilite de R H Good, Jr [5]
2°. In cele ce urmeazd vom stabili condifn st ecuatn de miscare pentru
particule cu spinul 3/2 Avem

043 0 0 0—43 0 0
s 1|43 0 2 0 M3 0—2 0
) ozon’ 2| 0 2 0 —43]
0 043 0 0 043 0
/30 0 0
S3=l 01 0 O (17)
2100—-1 0
00 0-—3
(8) ne conduce la
1 1 1 3 .
(g 5.5 — 5SS+ Is,,)a: ® =0, (18)
care ne furnizeazd conditiile
d . 0 1 a d 3 2 0@
9. b0, 2 0% 9
‘6:{1 tasz s (3::1 ale 33 o 0 (19)
0 1 0 2 00
2 _ .%o < 8 — 20
ax, iax,) SN (8x1+ 8):2) 2+J3 0%, 0 (20)

in care ® poate fi inlocuit fie cu ¢, fie cu y Utilizind aceste conditii pe baza
relatiei (5) se ajunge la ecuatiile de miscare

P L ol LAl &
{a%+ié%)@4—7’§(a%+ia%]cps=o (22)
(a—i:+ a)%—m/\?( +1——]<91—0 (23')
ol i e

(i—z——)cp:,——zx/S[——l—%—)%—O ’ (24')
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pentru componentele lu1 ¢ Dintre ultimele patru ecuajun putem folos: fie (23),
(24), fie (23'), (24') Ecuatule pentru componentele lu1 ¥ se obfin in urma unor
transformiri simple Presupunind cd legétura intre y s1 ¢ este datd prin y = Mo*,
unde M este o matrice 4 x 4 din (4) st (5) se ajunge la condifule

MSM1=—S§, MS;M™1 =S5, MSM1=—S; (25)
de unde pentru M rezultd

M = (26)

— O O O
O = O O
O O = O
SO O

(Intrat wn redactie la 19 septembrie 1979
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SUR LES EQUATIONS DE MOUVEMENT DES
PARTICULES DE MASSE DE REPOS ZERO

(Résumé¢)
On donne les équations de mouvement de type Joos-Wewnberg pour les particules libres

de spin 3/2 et on écrit les conditions qui servent & la sélection des états de polarisation pour les
particules de masse de repos zéro
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STUDY ON THE AGEING OF STRATIFIED ELECIRO-INSULATING
MATERIALS BY THE ELECTRON SPIN RESONANCE METHOD

LAVINIA COCIU, A, MARTOMN* and AL. NICULA

Introduction. In the composition of stratified electro-insulating material
used 1n the construction of high voltage electric machines, beside the inorganic
skeleton also enter organic substances that suffer degradation in time due to
the external stresses

In the present paper the results of electron spin resonance (ESR) measure-
ments concerming the P 701 electro-insulating matenal, aged by means of
thermic stress, are presented The P 701-NID 3376—73 material, made by
I CME -Bucharest, a product based upon mica-paper on delicate glass tissue
support impregnated with an epoxidic thermorigid resin builds up, by means
of a proper technology, a heatresisting insulation employed 1n the construction
of high voltage electric machines

Experimental results. Using the ESR method we have ascertained the
appearance of free radicals in 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 in the figure 1, which consists of a single line at g = 42 This
line can be attributed to 1ron 1ons [1, 2] The same spectrum 1in 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 1t 1s seen from the figure 2, 1t con-
sists of the lime at g =42. and a new narrow signal at g = 2001 -+ 0 001
which 1s typical of free radicals [3]

The 1intensity of the resonance at g = 2001 rises with the duration of
the thermal treatment Because the spectra were recorded at different gans,
we chose as a criterion of watching the intensification of the free radicals signal,
the ratio between its intensity, I, and the intensity I’ of the ¢ = 4.2 line of the

Fig 1 ESR spectnfm of the insulating material
before the thermic treatment

* Institutul de subinginer:i, Resifa -
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same sample The depen-
dence of the logarithm of
this ratio 1n terms of ther-
mic treatment duration i1s
presented in the figure 3

Diseussion. 1 As the
signal of the free radicles
1s not to be found 1n the
ESR spectra of the 1nor-
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 resin, as a
consequence of ageing be-
cause of the heat stress

2 The increase of
free radicle concentration
with the time 1interval of
the heat stressis exponen-
tial, three slopes being dis-
tinguished (that change),
tending towards saturation

3 We consider that
the slope changes from the
linear wvariation of In I/I
depending on the stress
duration 1s due to phase
transition of the amorphous
polymers [4] Such a
transition may occur when
the temperature 1s 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 mstantaneously
but after a certain time
necessary for the polymer
to reach the equilibrium
state, corresponding to the
new situation

1‘1

92,001

1

F1g 2 ESR spectrum of the aged insulating material
S
£ temperatura = 225
24~
o
of— !
C 25 50 75
Fo timp (ore)
oL
[
Fig 3

F1g 3 Temperature dependence or the g = 2,00
line mtensity
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4 In coal the stable free radicle concentration increases together with
the growing of carbon proportion in the material [5], with the heatageing
of the polymers, the carbon contained 1n the electro-insulating material 1ncreases
and leads to the worsening of 1ts 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 criterton of
detertoration, i order to determine the lifetime of electro-insultating mate-
rials by the accelerated ageing method

(Recerved November 16, 1979)
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STUDIUL, IMBATRINIRII MATERIALELOR ELECTROIZOLATOARE
PRIN METODA REZONANTEI ELECTRONICE DE SPIN

(Rezumat)

Prin metoda RES s-au investigat matenale 1zolatoare utilizate in construcira masimlor electrice
de inalti tenstune In urma imb#trinirn fortate a 1zolafulor, prmn tratament termuc, in spectrele
RES ale acestora se evidenfiazi semnale ale radicalilor libert S-a gisit cd, odati cu mdirnrea durater
tratamentulu: termic la o temperaturd superioard celer de functionare normald a maginu, concen-
trafia radicalilor liber: creste exponential, tinzind spre saturatie
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THE CHANGE IN THE DIMENSION DISTRIBUTION OF SOLID
PARTICLES IN A SUSPENSION FOLLOWING ULTRASONIC
DISPERSION

D. AUSLANDER, AURELIA CIUPE

Theory. The increase of the degree of dispersion of systems by ultrasonic
methods [1] 1s 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, 1s given by [2], [3]

Aryy =2 A7, + 2 A7y (1)
v 7

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 mechamsm, the mean square displacement of a particle may be expressed
by Einstein’s relation as
—_ RT ¢
i N  Brgr (2)

Considering that the average distance between the centers of two particles

1s L, the frequency of the collosions 1n the volume umit containing » particles
1s given by

cn 3)

Thus relationship (2) becomes

b= BT 1 g (4)
N Smy

For a polydisperse suspension having particles with different radi
L Ya, ., 7, in corresponding concentrations ¢, cs, ¢,, . the collision
frequency due to the brownian motion can be expressed by .

v:a»A-l(iﬁ)m ©)

3
YB\1=1 4

where 75 15 the average radius of the brownian particles,
R 2/3 .
a=5 3 . constamnt not depending on the type of suspension
N 4503 813
and A4 = T/1p% 1s a characteristic constant for a certain disperse system at a
given temperature
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The variation of the average radius 7, of the disperse system particles
by the collistons mechanism due to the brownian motion is described by the
equation

1 awx_p, (8)
(473 dt
where B 1s an adherence comnstant which 1s 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

5/3

C?
Ary=DB a A ™A 2;}“”* (7)
4 —_—
‘ At

Experiemental results, The determination of the comstant B 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 radi

For 1llustration, fig 1 shows the varation of average radius 1 a ZnO—H,0
suspension after 10 minutes somcation in a field of 215 W/cm? intensity at
05 MHz frequency Fig 2 shows the experiemental and calculated curves for
the control and the sonicated Pb,O,—H,O system, at 165 W/cm? 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 in the agglomeration process of particles 1n disperse systems
n aqueous media. ‘

8
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Fi1g 1 The change of the average radius Fi1g 2 The change of the average radius as
as a function of tmme, for the Zn0O—H,0 a function of tume, for the Pb,0,—H,O sus-

suspension pension
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A shift of the distnibution equilibrium towards larger average radu might
also result by one of the following mechamsms collisions between non-spherical
particles in rotational motion due fo 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]

%mﬁ:z_"(l_l’ (8)

$1 P

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, 1t also has the
oppostte effect, as the number of browman particles 1s decreased

The last term of equation (1) describes a process of increasing the disper-
ston degree, the shifting in time of the size distribution, in the direction of
the reduction of the average radius of particles It seems that the evolution
of the systems, under the action of the opposite effects, depends on the proper-
ties of the dispersing medmum Thus, in aqueous medium, accumulation effects
were demonstrated, while 1n the case of ZnO—C¢H; and ZnO—CgH;CH, sys-
tems the prevalence of dispersing factors was found (Table 1)

Table 1

The eange of the average radius as a function of time,
for the Zn0O—CH; and ZnO —C;H;CH, suspensions

vy - 108 (m)

At

The sistem
(days)| control

sonicated
1 MHz, 27 W/cm?

Zn0—C H, 137
100
93

66

141 139
134 114
- 10 3
- 101
113 95

Zn0—C H,CH,

ANV (WO

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-Kelvin relationship

In &+ = — - —

p” T o —pa\? L4

’’

' M 25 g1 1) ©)

leads to the 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 1s modified, due to the
desorption of gases with corresponding implications upon the dispersion process

Conclusion. The disperse systems undergo an alteration in time of the
size distributions, under the action of two opposing mechanism The evolution
towards agglomeration 1s prevalently caused by the collision of particles 1n
brownian motion, while the dispersion 1s the consequence of cavitational effects

{ Recerved November 16, 1979)
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MODIFICAREA DISTRIBUTIEI DE DIMENSIUNI A PARTICULELOR
SOLIDE DINTR-O SUSPENSIE DISPERSATA ULTRASONIC

(Rezumat)

Cercetdr1 experimentale au pus in evidentd deplasarea echilibrului distributier de dimensiunt
a particulelor uneir suspensu, in absenta/dup# incetarea iradiernt ultrasomice in semsul cregteru, res-
pectiv al scidernn razer medn in funcfie de natura dispersantulu1 Aglomerarea atribuitd indeosebi
clocnirilor particulelor participante la nugcarea browmiani este descrisd printr-o ecuatfie, mecams-
mele de dispersare sint explicate calitativ, pe baza umor cauze ale procesulur de cavitatie
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ABSORBTIA STRUCTURALA A ULTRASUNETULUI iIN
SOLUTII APOASE DE ACIZI ORGANICI

ILEANA LENART, D. AUSLANDER

Introducere. Tehnicile ultrasonice permit obfinerea de informafii utile
pentru 1nvestigarea structurn lichidelor, prin intermediul constantei de atenuare
si vitezei de propagare a ultrasunetului Atenuarea undelor ultrasonice in lichide
provine dintr-o insumare de efecte de absorbtie in mediu, care fiind considerate
independente, rezulta

o = Oyis + Oterm + Crel (1)

unde primii doi termeni din membrul al doilea reprezinti constantele de ate-
nuare corespunzitoare absorbtier clasice de viscozitate si conductibilitate ter-
mic3, iar ¢, constanta de atenuare de relaxare, este consecinfa fenomenelor
de absorbtie structurald

ts + =" [0+ R) (2)
pc® | 8 Cp

In cazul lichidelor cu conductibilitate termici redusd, aiem este negli-
jabil, deci-

al f2 =25 2y @)

pc®

unde f este frecventa ultrasunetului, p densitatea mediului, ¢ viteza de propa-
gare a unde1 si % coefictentul de viscozitate a lichidului

Cercetdrile au demonstrat cd in realitate raportul «/f? este mult mai mare
decit valoarea rezultatd din calculul relatiei (3), nefiind satisfacutd nici indepen-
denta raportului de frecventid cu exceptia lichidelor monoatomice.

Absorbtia de exces, numitd absorbtie ,,suprastokes” provine din procese
moleculare de disipare a energiet acustice, descrise prin intermediul constantei
de atenuare de relaxare

g = 2 L) 4)
1+ ¢*n?

unde ¢ = cyfc, Teprezintd gradul de dispersie a vitezei de propagare a ultra-
sunetulut, 1ar # = w/w, = f|f, este raportul dintre frecvenja ultrasunetului gi
frecvenfa de relaxare de rotatie, respectiv de vibratie

Pentru studiul fazer lichide este esenfiali componenta structurald a absorb-
{iei a clrei determinare este posibild prin doud metode:

a) Misurarea absorbtiei in domeniul frecventei corespunzitoare dispersiei
anormale la care se pune in evidentd absorbtia structurald, respectiv in domenii
indepdrtate de aceastd valoare, caracterizate prin corespondenfa cu teoria hidro-

3 — Physica — 1/1980



34 I LENART, D AUSLANDER

dinamicd clasicd a absorbfiei, diferenta valorilor objinute reprezinti absorbfia
de relaxare la frecventa respectivd

b) Calcularea diferenter dintre absorbfia experimentald si cea exprimati
prin relajta (2) cu ajutorul comstantelor respective

Utilizind ultima metodd, s-a cercetat comportarea unor acizi organict in
solufi1 apoase pentru evaluarea absorbfier de relaxare in funcfie de procesele
de disoclere moleculard care afecteazd frecventa proprie de vibratie a compo-
nentilor moleculan.

Rezultate experimentale. S-a determinat viscozitatea, densitatea 1 viteza
de propagare a ultrasunetulu in solufi apoase de acizt mono-, bi-, st tricarboxi-
licy, la diferite concentratu din domeniul 0—1 M care au permis calcularea rapoar-
telor off? din relatia (3)

Mésurarea constante: experimentale de atenuare s-a efectuat prin metoda
impulsului la distantd fixd pe baza ecourilor repetate, la frecventa de 10 MHz,
pe baza relatiei

=B (5)
20 - loge 21

unde L =20 logf, 1ar 1 este distanfa emifitor-reflector.

0

Rezultatele pun in evidenti valon: apreciabile ale absorbfier structurale,
o crestere foarte pronuntatd cu concentratia in domentul dilufiilor mari s1 una
mai lentd in restul intervalului, panta fiind in intregul interval superioard celet
corespunzitoare absorbtiei clasice

Saltul constantei de atenuare de relaxare il atribuim componentelor de
disociere caracterizate prin noi valort de frecventd de vibrajte, pe baza reacfiei
de echilibru

by
— COH 2 CO; + H¥ (6)
kA

Pentru venficarea acestul mecamsm au fost méasurate valorile absorbtiei
in conditiile frindrn procesului de disociere prin cresterea concentratier ionilor
de hidrogen in urma adaosulur de HC! diluat

In acest scop s-au efectuat misuritori de absorbfie in solutii apoase de
HCl, la temperatura determindrilor anterioare, la diferite concentratu, s-a sta-
bilit astfel cé intr-o solutie apoasi de HCI, pini la concentrafia de 0,2 M, absorb-
tia nu diferd de cea a aper In consecinti, s-au preparat solufule de acizi orga-
nici utilizind ca solvent HCl 0,1 M, asupra cirora s-au repetat toate determi-
ndrile anterioare

Rezultatele obfinute sint 1lustrate in fig 1, pentru acidul propionic, care
este un acid monocarboxilic

Curba inferioard (I) care prezintd o variafle lentd a raportulm «/f? cu
concentratia corespunde absorbtier clasice, curba superioard (III) indicd depen-
denta absorbtier totale de concentratie, 1ar cea intermediard (II) s-a obfinut
in solutir de acid propionic in HCI 0,1 M

Variaf1a cu concentrafia a raportului «/f?, determinat in mod experimental,
este prezentati pentru cei trer acizi organict studiafi in fig. 2, difereniat in
cazul celor doi solventi apd, respectiv HCl 0,1 M.
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Fi1g 3 Dependenta de concentratie a contributier diso-
cieru la absorbfia structurala

Diferenfa ordonatelor corespunzitoare disocterii, respectiv frinrit e1 prin
adaos de HCI, atrtbuitd contribufier disocierii la absorbtia structurald este repre-
zentatd in funcfie de concentrafia celor trei acizi in fig 3.

Se constatd o diferentiere a pantelor s1 valorilor, corespunzitor deosebirilor
mecanismelor de disociere dintre acidul monocarboxilic, care dispune de o sin-
gurd constantd de disociere g1 un singur timp de relaxare, si acizii bi, respectiv
tricarboxilici, care disociazd in trepte, dispunind de mai mulfi timpi de relaxare.

Interpretarea rezultatelor. Absorbtiile structurale puse in evidenti in
cazul solufiilor studiate sint consecintele unor diferite procese de relaxare.
Considerdm ca saltul de absorbfie din domeniul dilutiilor mar1 este in
primul rind consecinfa disocieru Diferenfierea absorbtiei de disociere dupi
tipul acidului organic corespunde valorilor constantelor respective de disociere

K, =14-10"° pentru acidul propionic
K, =141073, K,=23 10 v ,,  malonic
K,=8710"*, K,=18-10"%, K, =4 10—¢ ,, ,  citric

Varnatia concentrajier 1omilor de hidrogen in solutule apoase ale acizilor
menfjiona}i, prezentatd in fig. 4, este In concordanti cu intervalele diferite de
concentratie pentru care addogarea de HC1 0,1 M anuleazi procesul de disociere,
respectiv in mod corespunzitor absorbtia de disociere.
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In domeniul respectiv, din relaia (4) rezulti:

dag;s K g*n? — 1 (7)

oo [woll + g0
unde K = 2rw(g®— 1)
La ddufn mari, viscozitatea solutiilor fund pufin diferitd de cea a apei,

c
se poate presupune ci' g & —>

= 1,01 de unde rezultd cd K >0, deci pentru;
0
dog,s

>0,
de,

se obfine: ¢*»#? > 1, de unde prin aproximarea ¢ & 1, se obfine w, < w. Pe

de altd parte, din masurdrile experimentale rezulti cd c%> 0, astfel din
c

. ; d . C
condif1ia de mai sus: %>0, rezulti ?’> 0 pentru domeniul in care se

(0% c
poate presupune independenta de concentratie a lu ¢

Prin urmare, la disocterea acizilor carboxilict are loc cresterea frecventei
de relaxare cu concentratia, menfinindu-se insid la valori inferioare frecvenfei
de 10 MHz, diferenfiindu-se in functie de comstanta de disociere.

Regiunile ¥marcate prin variatii mai lente de absorbtie indicd limitarea
procesulur de disociere si prezenta altor fenomene de relaxare caracterizate tot
prin frecvente inferioare valorii de 10 MHz, in crestere cu concentrafia
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Astfel, la concentrafii mai mari este favorizati formarea de dimeri prin
asocter1 moleculare. De exemplu, pentru C,H;—COOH, la 20°C frecventa de
relaxare de asociere este de 2,02 MHz.

Sint posibile de asemenea relaxdn de rotafii s1 vibrafit in jural unor lega-
turi de H, in momentul desfacerii altor legdturi, respectiv in jurul unor gru-
piri atomice, cu valori diferite ale frecventelor respective.

Concluzii. 1. Fenomenul de disociere a acizilor organici este insofit de
un salt al absorbtiei.

2 Frecventa de relaxare de disociere este mai micd decit 10 MHz

3 Frecventa de relaxare de disociere creste cu concentrajia

(Intrat in redactie la 20 notembrie 1979)
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N W=

STRUCTURAL ABSORPTION OF ULTRASOUND IN AQUEOUS SOLUTIONS OF
ORGANIC ACIDS

(Summary)

The paper presents some acoustic-molecular parameters, determined in aqueous solutions
of orgamic acids of different concentrations The ultrasound velocity, measured by means of an
optical diffraction method, the density and the wviscosity experimentally determined, resulted in
the calculation of the Stokes-Kirchoff absorption. By a pulse techmque was measured the absorption
of the ultrasound, at a 10 MHz frequency, being them calculated the excess absorption A leap
of the structural absorption is poimnted out, assigned to the dissociation processes characterized
through a characteristic relaxation frequency
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ANATLITYC S-MATRIX THEORY OF CRITICAIL, PHENOMENA FOR THE
¢® AND ¢* MODELS

k. CRISAN, AL. ANGHEL

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

As 1t 15 well-known Wilson [1] pointed out that the critical behaviour
in the phase transitions can be described 1n 4 — ¢ 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 Sowviet school [2-—4] using the ‘““parquet sumation” and solving the
Diatlov-Sudakov-Ter-Martirosian equations for the vertex
function in 4 or 4 — ¢ dumensions Ginzburg [5] pointed out that using
tuch a method and the ‘“scaling hypothesis” the same results as in the Wilson
sheory can be obtained for the critical coefficients

All of these approarches are equivalent, in the sense that they are per-
turbative expansions of the S-matrix involved in the theory However, 1t is
well-known, that in the high energy physics there 1s also a formulation of
the S-matrix theory which 1s 1n fact more general than the perturbation theory.
This method proposed by Heisenberg in 1943 was developed by Eden et
al [B6] and 1s known as the ,,umtarity and connectedness’” theory of S-matrix.

A justified question, after the well-known success of the perturbative
methods in quantum field theory and statistical physics 1s the following is the
analytic S-matrix theory adequate for the description of the critical behaviour
of the phase transitions? And if it 1s so, how accurate 1s this method as com-
pared with the ““traditional” ones

In a remarkable program Polyakov [7—8] has used the unitarity
condition in order to analyse the asymptotic behaviour of many points correla-
tions 1n the critical region

The main idea 1mplicitly contained in this paper 1s that the N-point co 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.

Polyakov [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, Polyakov [8] constdered that the unitanty condition 1s 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 Bray [9] used the dispersion relation method, pro-
posed by Ferrel and Scalapino [10] in order to calculate the ,,univer-
sality function” of the two-point correlation function

The purpose of this paper 1s two-fold First we intend to present, at the
largest possible extent, the unitarity method in 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 Wilson recurrence relations [1] or summation of the “parquet diagrams”

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

Section IIT 1s devoted to the analysis of the ¢%-model, and ¢?-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 in 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 in the theory

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

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

S=2|m,m> < m, out|

St=3%"|m, out > < m, | (1)

From the orthonormality and completeness conditions of the states |m, in <,
| m, out > we get
S+S =1 (2)

Because the momentum eigenstates are accessible to experiment we will con-
centrate with the matrix elements

<pi .o -PwlSlpr - P>

which describe the transition of a configuration of m 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

2,0 =3 b, 3)
1=1 =1
and the unitarity condition (2) can be written as
1 1 d , ,
;(21:)3"58 Hd4g’8(qf —m) <pi- - PulSlq - Gn>

<@ g ISTDL P> =<1 PmlD - D> (4)
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From the conservation of the energy-momentum we get for (3) the condition

Zq,=2ﬁ.=

and in particular

Z; P (5)

(nm)? < (Zp‘ )2 (6)

where m 1s the mass of the particle
The diagrammatic notation is

X 1
<Pi  Pm ISID; PpY = nzl‘__ ___Zm
(B PR Py s
s 1 _—
i ST g4 §(2-ml)s
-—E\-—-wvt
Fig 1
Using this notation we can write (é) as
Fig 2
if
(2m)? < (Zp)* < (3m)? (7)

and similar diagrams given in [6—8] for different conditions (6)
The connectedness structure of S-matrix 1s introduced by writing the
equation for S-matrix of two-particle scattering as

SN S CN

Fig 38

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

(+ GDC-E)-—

Fi1g 4
or the unitarity condition
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where each integral line is (2x)™3 Sd“q 3(g? — m?)

The umtarity condition gives the possibility to study also the analyticity
of the S-matrix introduced in this way

A complete study given by Eden et al [6] showed that as a function
of number of intermediate state the S-matrix 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 S-matrix elements

2 Umatarity Conditron for Green function and vertex funmckion In the theory
of phase-transitions the Green function G(g) 1s

Glg) = [¢* + =] (8)

= (T — Ty/T, and it 1s 1 fact the Fourter transform of the correlation
function

In order to use the umtarity condition Polyakov [7—8] performed the
analytical continuation ¢*?— — ¢% ©—7 (1) =P and (8) becomes

Glg?) = [¢° — m* ] ' (9)
where m? = »—2 (1).
The singularities of the Green function (9) are given'by
¢ = — (wm), 7, = (— ¢*[n?)P? (10)

where # is the number which characterizes the branch-point In the limit # — oo
we get 1, =7 =0 and (9) has the asymptotic form G(g) = 1/42

Now, if we apply the equation (7) for the Green function G(¢?), and the
vertex function T'; and I'; we get the equations

Im -1 -
G -C1+ ‘e
e e‘

Fi1g 6

where —« — = 270(g,)3(¢®> — m*) = Im G(¢?)
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These equations are exact and we can use a larger number of intermediate states
1f this is necessary
In the next section we will calculate the critical mdex defined as

G(g?) = g2+ (11)

for different models, using the ,,scale invariance’” which 1s suposed to be valid
in the critical point T =0

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

Polyakov [8] studied the asymptotic behaviour of manypoints
correlation functions using the ,,scale invariance” hypothesis, but we are going
to point out on ¢? and ¢! models that the critical index ,,%” can be calculated
by this method

1 The @*model. This model treated in the field theory only to pomnt out
the different methods of renormalization is of great interest in the phase transi-
tion theory Recently Ginzburg [11] pointed out that the percolation
theory 1s 1n fact a ¢*theory which has the ground state

In this framework the ¢?-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(p?) = p=2+n (12)

uas the imaginary part written as
Im G(p*) = — (p¥)w2-! sin’le (13)

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

" G:‘ :2\®_—
[p4
3
G R

Fig 7

and are rewritten analytically as

Im G7Y¢%) = 2g§§ (Ta(p% 2% (P — 9% I* Im G(2*) Im G[(g — £)*1 3% (14)

Disc T'a(g, g, a8) = 4g} { Tlg®, #7, (7 — £)°] To(g?) To(#)

Im G(#*) Im G(¢*) Gl(g — p)*] @°¢ (15)
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In the scaling approximation

Ty= ()"
and using (15) we get from (16)
-3 7y g 3 Ty (q,)p/anz_l
@) Tom =t @ llg — 2P ) sine i —axdy
r 2P -2
%)
where x=£, y:(___p— q)z, max (p — q)? & ¢,
g q°
and
D-1
aD/2_"2
dPp = dpod | p [P~ Qpy = — DT
I‘[D —1 gD—2
o
From equation (19) we get
3 D—6
2 2 =
Ys 1 2 N+ P 0
and
1 n Eiind:
——1 -1 2
sin 22 =—g§—Sx2 y?  sinz 2 T dx dy
2 (2D 2 D—1| ,_
0 P[ JZD 2
2
This equation will give for % the value
a_ <D+1 gt
2 I‘[D — 1J2D_2 (2=)D
2

(20)

(21)

In order to calculate the value y; we will use the equation (17) in the approxi-

mation which is shown in fig 8
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and using
B—— (f—Tp= ~%5(1—cose) (22)
where @ is angle between ¢ and 7 we will perform the integral in (17) with the
substitution
dPp = dpd| p| | P|° 7 Qp_s sin®° 04O
However, in order to introduce the variables x and y the angular part will be

. 2Sst_3 (¢}
1 — cos @

a0 (23)

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

somy, g 7/2 Ssm L (24)
T S D—3 1 — cos ®
sim 0d9o

From (21) and (24) we get in D = 6 the following expressions for % and v,

— l L
Klirdravt: (25)
1
Ys = 2 (2ﬂ)ega
and using (21) we get
2 (2m)®
g==>%"6—D) (26)

which is in fact the fixed point in the ¢3-theory Indeed if we use the notation
e =6—D,

. 4
(g3 = £ (2mee 27)
and 1n this way we have demonstrated that (19) is in fact the equation for the

fixed point In the transition point the coupling constant is (27) and » will be,

1
= m © 28)

2. The ¢*-model.

The ¢*-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-.I ) ) @7
Nollc

Fig 9

and if we consider T’y = ($*)* and Im I'y = — sin ny,(p*)" we can write down
the equation for vertex function as

7

1Tl st 22 ()% 7 00— pPTE T (0

— sin my(p*) gy =

@n)?

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

A (b —p)°
X = -, =
b Y »?
we get the equation for the fixed pomnt as e
D — 4
Yat+ 7+ =0 (31)
and the equation for vy, as
SN Ty, o
- C84
where o
D—1
c=§ ~_ dwdy xe [0,1], y [0, 1]
emP~ 2P (D — 1)j2]

From this relation we see that y, depends linearly on the couplmg constant
and the equation (31) for the fixed point will be

gi="r (32)

where e = D — 4
With this result we start the calculation of % from the first, equation (31)
which will be written analytically as L RV

e

Im G($?) = 4¢3 g dPpdPq| T'y(p, b, ) [ Im G(p) Im G(g) Im G(p +q—k) (33)

From the beginning we remark that the index % will be dependent on the (g2)?
and following the same method we get ‘
R "‘

g2 TP B L-. '
- = 34
K 54 R T I ( )

as in the Wilson theory. i STERRY
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IV. Conclusions. The unitarity condition for Green function, and vertex
function, applied by Polyakov in 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 in the ¢® and ¢* models The
method was also applied by Bray [9] in order to calculate the universality
function in the ¢?-theory. 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.

(Recesved November 20, 1979)
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(Rezumat)
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EFFECT OF RETURN CURRENT ON THE HIGH FREQUENCY
OSCILLATIONS OF A RELATIVISTIC ELECTRON BEAM-PLASMA
SYSTEM

KARACSONY JANOS

I Introduetion. As 1t 1s well-known electromagnetic waves can be excited
by an electron beam penetrating through a uniform, cold, extended stationary

plasma 1mmersed 1n 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,) the electromagnetic waves whose direction of propagation makes

an angle § # 0 with respect to B, are, in general, neither transverse nor longi-
tudinal [1]. Particularly, when the velocity of propagation of the electromag-
netic waves are small enough, ie, when the refractive index # = ckfew is very
large (¢ denoting here the velocity of light, % the wave number and « the
frequency) ,,almost long1tud1nal” waves may occur [1—3] For these waves

the electric vector E is nearly parallel to the wave vector (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 K N Stepanov and
A. B. Kitzenko [2] A more general case involving a two component
electron-ion plasma interacting with a relativistic electron beam has been also
considered by H Wright and coworkers [3] But, mn thetr model an incon-
sistency occurs, since m unperturbed configuration the selfmagnetic field of
the relativistic beam 1s neglected, which 1s in 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 1ons at rest, forming a stationary background of positive charge
which neutralizes at each point the unperturbed electron gas. As 1tis 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 #,, and we will assume that the _average velocity of beam electrons v,

is parallel to the external magnetic field B, ortented along the positive Oz axis
The plasma electrons producmg the return current have a mean velocity

7/1 = - (”ba/”o)'”o (1)

where n, denotes the plasma electron density satisfying the condition #, » #,.
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Expression (1) for the plasma electron mean velocity follows from the current
neutralization condition

oo + 700 =0 2)

where 7,, = — en, v, and jpo = — enyw,; 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 wuniformity wvary as

exp [1(737 — wt)], the general dispersion equation for longitudinal waves can
be written as [2, 3].

€17, 5102 0 + £33 c05% 0 + 2 e53c05 Osin 6 =0 (3)

where ¢, (1,7 =1, 3) are the dielectric tensor components of the system and
0 represents the angle between the wave vector % and the d1rect10n of the
external magnetic field B, (One assumes that the wave vector % lies in the

x0z plane).
The dielectric tensor can be expressed by means of the conductivity tensor

¢ in the following way [1, 7]
4
€y = 811 + T’:Z Ry (4)

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]

(%t‘“}‘;o‘ V)[Yov + 3‘1)0_(0‘0‘—)‘]= - i(ﬁ + li_;' X -_éo +l7_;o X EIJ (5)
m c [

02
and a nonrelativistic equation of motion%for plasmaelectrons
a—vl‘{‘(;l‘v)?’l:—";(E'*‘—%XB'+—U1X_Bo) (6)

together with the continuity equations In these equatlons 2" and v1 are the
perturbed velocities of the beam and plasma electrons, E and B’ are the per-
turbed electric and magnetic fields, respectively, while v, = (1 — v?/c?)—12.

Finally, we obtained for the components e,;, &;; and eg3 of the dielectric
tensor the following expressions

R O N L s -
11— - ——
! w? (w —k vo)z—cocR (m —k vl)z — mf
€. — 1 "’f_[_(“’ _za)kzvo 0’2 (‘0 - EZ) ke IJ;[ (8)
18— 7 T —— - ——
o? (m —k uo)z—— “’ER (0) —k vl)z — mf
- 2 32 2 2
g =1 — L wg k2 v gy o wp Ky 1 ope )
(m—kvn) —-o.\ (co—-kvu) (m—kvl)z—m (m—kvl)

4 — Physica — 11980
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where o} = 4nngefm and oh = wi) [y, = 4mme?/(my]) are the electron plasma
frequency and the beam electron plasma frequency, respectively, while w.z =
eB,

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

equation :
2 2 2 2 2 2 2 2
), cos? © », sin? @ ©y) cos? @ w;, sm? @
1 — b _ 1;_' _ 1l - bl =0 (10)

(0—F5)  (o—Fafmat  (—Fn)?  (o—Fa)—uk

III. Excitation of longitudinal waves. With the purpose to investigate
the dispersion equation (10), we will follow the procedure used by H Wright
and coworkers in [3]. At first we will put this equation 1n the form

7 . cost @ sin?® @ 0 (1 1)
— g =g A -
? ? [Y’d (0 — Evy)* Yo [(w — Fg)®— "’ER] ]
where
- (1)2 2 @ > z @
Fp(k, w) 1 Pco_s’_, _ &’psm (12)
(0 —Fm)? (o — ko) — o

and e = myfr, € 1
As F, does not depend of the parameters of the beam, it follows that
the equality

Fy=(k 0)=0 (13)
represents the dispersion equation for a plasma 1n a drift motion with the velocity
vy = — ev, The last term 1n equation (11) represents the perturbation produced

by the beam. For beams of small density, unless the quantity within the brackets
1s very large, this term is very small and consequently negligible However, for
frequencies in the neighborhood of frequencies that are singularities of bracketed
ferm, the quantity in the brackets 1s very large and the contribution of the
beam term in equation (11) becomes significant even when e 1s extremely small.
As one immediately sees the singularities of the bracketed term in (11) are
Wy = ]?'U_:) and Wy — 73'170 '_'}: WeR.

On the basis of the above arguments we will seek solutions of the electro-
static dispersion equation in the neighborhood of frequencies w, and wyy. The
roots of (11) will be represented in the form

0 =w;+ 8, (14)
and
®W = Wa4 + 82:|: (15)

where w; and .y must be both positive real numbers in order to ensure the
interaction of the beam with plasma waves Besides we must have

im 5, =0 1=1,2 (16)
e—0

Instability occurs when Im 8 << 0, where |Im 8| 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 singularnity 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 | §,|<w,z and 0 s w/2, the second term in brackets can be neglected.
Expanding F, in Taylor series about e, and retaining only the first two terms,
the dispersion equation becomes .

(OF [ 00) =, 83 + Fp(wy)8F — wipncos® 6 =0 (17)
This equation has complex roots and consequently an instability occurs
when the discriminant of (17) is positive. This happens if

4 [Fplog) P < 27:-:0)—“:3 cos? O (9F 5/ 06)es ms, (18)
Yo

Here we used the defimtion wj) = ewp/ys
As ¢ is very small, (18) is satisfied only if
Fyle) 0 (19)
or
Fylen) <0 (20)

Condition (19) reveals that an instability will occur if o, 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:

. \/5) w:\/‘s cos?® @
1 — ——— e ren
2 ) [(9Fplow)o=n, 11

In order to calculate the growth rate for a certain well determined excited
wave, the factor dF,/0w 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 v,. These

frequencies are the Doppler shifted normal mode frequencies of the stationary
plasma :

=(-1x (21)

> 1 .2 2 12 - - g
mi=*/;?(m;+wz)"2[1:tl/l_“_.__“’f‘””“@] +E G =0t (22)

(03 + ol

Differentiating equation (12) with respect to o we immediately get

9Fp 2 |opcost @ wp Simd © (w — B - o (23)
do (0 — 72’-!;;) (0 — 7;',,‘1'): [ — ';;’{,’1)1 _ m:]’

By inserting here w.)? from (22), (23) becomes:

(3FP) _ 2 wpcos' ®  wjol, sin' @ (24)
Boomos  Gpx| apy | (hy— oD
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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 1t follows
that the return current has no influence on the growth rate of the excited
waves which satisfy the condition (19). It yields only a Doppler shift of the
excited wave frequencies, because instead of w,, we must use vy to calculate
them.

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

{EFp)oma, | > |(0F p/d0)om, 311 (25)

are fulfilled the term in equation (17) involving 8} can be neglected. Thus, 1t
results

® P P T m: —12
By = e = oy cos o [ RN _To - ) 2o
(Fple)] (fvg —0p)hvy — )

Inspecting this expression we immediately see that if %o, < o, + %o,
or if w, —&—_)Ev1 <Evy < 0py + kv, respectively, we will obtamn a purely ima-
ginary root

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

—0—05 —»—o._m. _1/2
(B vo)* (B vo)* — wc] )] 27)

3, = @y cos 0]—== =
(Rvy — oy 1) (v, —wp_

This last expression becomes purely imaginary for kv, < Wy O O, <

< Evy < 0p+. 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 v, = — ev,, the brackets in (26) differs from that in (27)
by certain terms of first and higher order in £ Noting that 3, given by (26)
1s of order €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) 1s
called the longitudinal cyclotron wave [3]. In order to calculate the growth
rate of this wave, we insert (15) into (11) Subsequently assuming | 824 | <ocr
and 0 # O the first term 1n brackets can be neglected. Expanding Fp 1n Taylor
series about w; 4 and retaiming only the first two terms, the dispersion equation
becomes -
wp, st O

(0F p/00)amont 8 + Fp (024) 82 F =0 (28)

20, 5
If the disciminant of this equation is negative, the equation has complex
roots On account of the expression (23) of dF,/0w and as o = ey >0 it
can be seen that the discriminant 1s always positive if the last term 1n equation
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(28) is negative, ie., for wave with frequency o = wz4. Therefore the wave
whose frequency 1s o = kv, + w,z 1s stable for a cold beam.
On the contrary when the last term 1n (28) 1s positive, instability does
occur if and only if
2 2 @
(Fp)mone < 28 2 (3F p|00)a, - (29)
Yo®c R
Here, we have used the notation o}, = =0}/y,
As ¢ is very small, (29) implies

(Filaon % 0 (30)

This means that instability may occur only for frequencies in the neighborhood
of normal mode frequencies of the drifting electron plasma

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

(31)

o} sm? @ ]1/2

B = 1 [me (OF pJow) =0y
where w,_=xw, It has been shown above that for v = w,, 0F,/dw 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 in the plasma
On the other hand, if the return current 1s taken into account only a Doppler
shift of the excited wave frequencies appears, since we must use w, instead
of wpy 1n the evaluation of the excited wave frequencies.

IV. Conelusion. 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 1on motion has been neglected. We
find that the inclusion of return current in 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 in 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 1s 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 nvesti-
gated 1n a forthcoming paper.

(Recewved December 3, 1979)
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D
" A
EFECTUL CURENTULUI INVERS ASUPRA OSCILATIILOR DE FRECVENTE RIDICATE
ALE SISTEMULUI PLASMA-FASCICUL RELATIVIST DE ELECTRONI

(Rezumat)

Se studiazi influenfa curentulu invers asupra oscilatulor mnstabile ale unwt sistem de plasmai-
-fascicul relativist de electromi Se constati ci din cauza curentului mnvers frecventa oscilatulor

excitate prezmti o deplasare Doppler, in timp ce coeficientul de amplificare nu este influentat in
mod sensibil
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EFFECT OF ION DYNAMICS ON THE PARAMETRIC
INSTABILITIES OF AN UNMAGNETIZED PLASMA (I)

C. BALEANU

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, cos (B — vi) = E, cos v (1)

considering the ioms as statistically moving particles and by making use of
R Prasads method [4] This topic has been already investigated by
R Prasad [5] for cold plasma, yet by applying a method given by N N.
Bogoliubov and Yu A Mitropolskii [2]. At the same time
C S Chen and G J Lewak [3] considered the same problem for an
unmagnetized plasma by taking into account the thermal motion and making
use of the mult: time scales method We have in our turn discussed in a pre-
vious paper [1] this problem, but for a magnetized plasma imbedded 1n an exter-
nal circularly right — hand polarized electric field by taking into account the
thermal motion too

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

G ) a1

ot T ar m (E + X BJ o =0 (2)
?ﬁ —»' aff afl
at+va+M(E+ ><B) 3)

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

(gred dv — Vet ZNEG Y = — 7 2004 4
. c® o 2 ot

where J (7, #) is the first order perturbation of the total current density and is

represented by

Je. t)=—eS77=f;d77‘+eSJ'f;da'f (5)

By making the following assumptions
Ey = E4, (6)
E=Fké, (7)

E)T(E: ) = et i EI(E) e~

# == — 00

C3
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one obtains the following infinite system of equations for the spatial Fourier
transforms of the transversal electric field.

E;_(F) | EJ(R) E(R)

Gp- — bp_ =0 9
nlm+n—1v +m+'nv+ "1w+n+lv ()
where -
7 [Fé(w + nv) — Fé(o 4+ n 4 1v) + PF¢(v)]
Ap = 2 2
Ry © 2 oy, g,
—;—‘——+—n+1J———aF‘(m+n+lv)——;F‘(co+n+lv)
v v v v
n[Fo + nv) — FY(o + 1 4 1v) + PFy(v)] 10
- 2 2 (10)
ckt © 3 9y _ ©ps —_—
‘——(——}-n—l—l)-———F‘(co-}-n—i-lv)——F'(m-l—n—{—lv)
v v U Vi

b — 7 [Fé¢w -+ nv) — Féo -+ n — 1v) + PF¢(—v)] .
* 2 2

ek ® 2 Oy — Dpy —_
— =4+ n—-1] ———Ffo+n—1v) -~ Flaot+n—1v)
vi v V! vt

2 [Ftlo + nv) — Fo + n — 1v) + PEFY(—v)] 11
- 2 2 (11)
o ® 1w, _ Gy, -
——(—~+ n—l) — = Fot+n—1v) - ——Flotn—1v)
ve v ve v
Far(Q) = Q¥+ (Q) (12)
—u/20
\Pa,t — v e L4
0 (21r9" ,)”2 S ku — z (13)
. 0y, () . un:' z‘(-k‘)
T 2 = vooo2 (14)
mi' — 4mn et (15)
m
4nnge?
wpy = ;; (16)
e (f) = 2= (17)
e, () = SiEe (18)
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The infinite system of equations (9) leads to the dispersion relation represented
by an nfinite periodic determinant of period w/v = 1, namely

| |

| |
APF:l% 1 b =0 (19)

v 10 a;, 1 by |

iO 0 a, 1 i

The determinant (19) has been evaluated for the two following cases

a) Both the electronic and ionic plasma are cold, thatis 6, -0 and 6, -0
(6,s being the kinetic temperatures of electrons respectively ions). From dis-
persion relation (19) we get

. o e(® o e (B2 arcotx
sin?mz = sin®re |1 4 2o — P | STOOREY (20)
oy 2 o2 | a(der— 1)
where .
szz _|_ mﬁ + mz
z=2, 2= P P (21)
v v2

b) The electronic plasma is hot, while the jonic plasma cold, besides the
following conditions hold -

0 << &29, < < 1. The dispersion relation for this case 1s
v

( e (1 +E§f) — 1]2]2

K V2 K ( ¥y Sin 27y, . vq sin 2wy )
(2y; cotg my; — vy cotg myp)(v] — vB) \sinPwz — s my,  sin mz — S1n® my,
2ny] cotg my; | 2myj cotg ny, 2nyivd 2 2y [cotg 7y,
+ + [ L=y (P2
{ -1 4vg — 1 (1 — v — vD)? — 4vivi ( Yi =) Y1
t
+ ng—mj + 2(y, cotg wyy + v, cotg Twz)]} =1 (22)
2

where y2 and y% are roots of the algebraic equation

.2 pe — {2 2 — () 23
b=t (23)
with :

O (24)

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

N e T “’}e E‘l}z___m}”—__
max = Amax ™ B \pmva |l w@m £ DEn + 1)
wv eE, )2 (2n + 1P — 40d, o, 03, (25)
Tt v | Taln + DZn + 1) vimM

when o =#n + 1/2

and

0 ™ leEo) 2 "& m:): ™y (@ 2 L nivt — w;: 0);‘ (");1' (26)

e = .
e X g vl v oa@dnr— 1) mM

my? vi n(dnt — 1) 22

when « = #

In (25) and (26) Auax denotes the maximum growth rates when 1on dyna-
mics 1s neglected By inspecting (25) and (26) we see that if 1on dynamics 1s
taken into account decreasing effect, on the maximum growth rates will appear
This result 1s 1n agreement with that previously obtained by other authors [3], [5]

For hot electronmic plasma the dispersion relation 1s a very combersone
one, therefore the evaluation of Im (w/v) needs numerical computations

If « is taken large enough and the frequency v close to «/m;e + i, the
approach of E, cos (507 — i) by 50 cos vt 1s well founded and our results are
valid.

The stimulating discussions with Profesor M Driganu are gratefully acknowledged

(Recetved December 3, 1979)
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Ut ke W

EFECTUL DINAMICII IONILOR ASUPRA INSTABILITATILOR
PARAMETRICE ALE UNEI PLASME NEMAGNETIZATE (I)

(Rezumat)

Folosind teoria cinetici, este studiat efectul migcdrn iomlor asupra mstabilitdtilor parametrice
ale uneir plasme total 1omizate nemagnetizate formati din electroni §1 ioni1 de o singurd specie
Studiul s-a himutat la cimpul rdspuns transversal care se propagi paralel cu directia cimpulur exte-
rior (pompa).

Au fost determmafr coeficientun de crestere pentru cazul plasme: reci.
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INTERDIFFUSION OF GASES IN LIQUID METALS

SPERANTA COLDEA

The interaction of gases and liquid metals 1s a topic of fundamental and
practical interest The diffusion of gases in liguid metals prior to and during
solidification determines the concentration of incorporated gases in the solid
which 1n turn influences the mechanical, electrical, and chemical properties
of the metal systems. Knowledge of the interdiffusion coefficients of gases in
ltquid 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 interddfusion of gases as hydrogen, oxygen and mitrogen in different
liquid metals and alloys was experimentally investigated in various temperature
conditions and for several composttions, including the pure components [1]— [12].
The diffusion coeffictents of hydrogen in some pure liquid metals and the diffu-
stvities of hydrogen and nitrogen in liqud iron alloys were determined [2]—[3].
Because the affinity of oxygen with metal is very strong the experiments for
the measurements of oxygen interdiffusion in liquud metals are more difficult
than for hydrogen and mnitrogen So, the interdiffusion coefficients of oxygen
have been measured only in liqgud iron, nickel [4a—-0], lead [5], [6b], silver
[6a—bd], and copper [6b], [7a—0b], [8]— [10] The oxygen diffusion coefficients
in lquid 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. It would
be destrable to perform many other measurements of interdiffusion coefficients
in a large temperature range

Many mechanisms have been proposed in order to explan diffusion phe-
nomena 1n liquid metals Semiempirical models are 1n 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 ¢ and the radial distribution function g(c) deduced from
the compressibility factor Z Z can be calculated using the Carnahan-Starling
or Percus-Vevick approximations, when the packing fraction 1s 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 o(7T)

In the present paper this last theoretical model 1s applied to the calcula-
tion of the interdiffusion coefficients.
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The basic expression for the interdiffusion is that from the Enskog-Thorne
theory of mutual diffusion in a binary demnse fluud [13]

D,, = Dus (1)
L12

where Dygo 1s the interdiffusion coeffictent for diluted binary fluids

3 [&T(m, + my) T1/2
D — 1 2 — )
12,0 8n oy [ 2remymy J @)
— 1,5 . RTN4(M, + Mﬂ)]llz (2/)
(ny + na)(ar + @)? [ 2, My
with m, — the mass of the ,,s”’-component of the binary fluid, o;5-the diameter
of the hard-spheres mixture, #, — the numerical density of the ,,2”” component,

M, — the atomic weight (+ = 1, 2), T 1s the temperature of the system, £ —
the Boltzmann’s constant, o,, 6, are the hard-spheres diameters of the two
components of the fluid; gy,(0y,) 1n the relation (1) is the pair correlation func-
tion at contact between two dissimilar molecules, which represents the correction
to the value of Dygo, # 15 the total atom density of the system: »n = n, 4 n,

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

. 2-n n{ (%—UMm—mq
= @2=mw oy _glazom—m 3
Bur w+mu—w[+2 (01 + on)(m + m2) ©)

where v, are the packing fractions of the ,,i”’-species, defined by the following
expressions [14]:
-
== 3 4
n=omoO (4)
and
n =+ 7 (2

A better possibility 1s to use the Carnahan-Starling expression
for the correlation function g5 [15]

g1z = (01822 + 63811)/2015 (6)
where
1 3Y Y3
= ' : 7
& 1—n+ﬂuwr+muww (7)
and
Yc = (Goni + 0.7)/)/“1 (1’!]. = 1' 2) (8)

The expression (3) for g,, 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
o, (+ = 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].
op = 1,288(1‘_4)”3 : {1 — 0,112 (l)"z} (10~ cm) (9)

Pm m
where p,, is the mass density of the metal at the melting point T, 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 o, depend on the liquid

metal (the solvent), as follows

Yoas = 0'5[1 — 0,112 (—T—)"Z] (-10~% cm) (10)
where o, 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 interdiffusion expression
(1) we obtain the following final term.

D=c¢-Dy= (11)
— 1,5C . [kTNA(Nll + M) [1/2 (11,)
(ny + n3)(oy + 02)%12 2rM M,

€12 0, and o, can be easily calculated from the relations (6), (9) and (10).
Numerical evaluations of the interdiffusion coefficients, 1n several liquid

metals systems will be made 1mn order to test the expression (11). The results

will be compared with the available experimental data and will be reported

m a following paper
(Recesved December 3, 1979)
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INTERDIFUZIA GAZELOR™IN METALE LICHIDE

(Rezumat)

Lucrarea propune un model teoretic care permite calculul efectrv al coeficienfilor de imter-
difuzie a gazelor in metale lichide, pornind de la teoria Enskog-Thorne a difuzier mutuale in fluide
binare dense Rezultatul obfinut pentru mterdifuzie, folosind s1 elemente ale teoriei metalelor lichide,
cum ar fi dependenta diametrului atomilor de temperaturs, 1 se aplici un termen de corecjte deter-
mnat pe baza calculelor de dinamict moleculare
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EFFECT OF SOME PARAMAGNETIC IONS ON THE STRUCTURE
OF SOME BORATE VITREOUS MATRICES

S. SIMON, AL. NICULA

I. Introduetion. 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 Si0O, AlL,O,; and P,0Oq
effects on the fraction N, of boron atoms in BO, units from the vitreous system
Na,0—B,;03—510, [4—6], Na,0—B,0;—AL,0; [7] and K,0—B,0,—P,0, [8]
respectively.

It is known the fact that the glass colouring 1s realized also with para-
magnetic 1ons 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
rons modify the coordination type of boron in binary sodium borate glasses
having in view that their stability and their physical and mechanical properties
are determined by the fraction N, 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 * 84B,0;—16Na,O (mol 9%,) and samples of
type B with the composition 66,66B,0;—33,33Na,O (mol %). In both types
of samples were introduced the following oxides. Cr,0,4 Co0,05;' MnO, MoO;,
V3,05 and N10O 1n concentrations of 4 mol 9% and 10 mol 9%,.

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 “B—NMR spectra were registered at 9,212 MC on a JEOL spectro-
meter, on powder samples at room temperature Figure 1 indicates the B NMR-
spectrum on B,0O, vitreous glass, figures 2a and 2b represent the NMR spectra
registered on samples of type A respectively B without paramagnetic ioms,
while figures 3 and 4 show the resonance signals on samples with paramagnetic
tons of different types, in 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 eenelusions. It was established that the value of
the nuclear quadrupole coupling constant for the case of three coordinated
boron 1s the same nondepending of glass composition, of presence or absence
of paramagnetic ions and this value coincides with that determined for the
B,0; vitreous glass (see fig 1—4). This conclusion is an argument to consider
that the planar [BO;] triangular units connected randomly by the sharing of
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Fig 1 The UB—NMR spectrum on
B0, vitreous glass

o)

H

Fig 3 The 1UB—NMR spectra on

natrium borate glasses with 4 mol%,

paramagmnetic 1ons, 3a) sample Af, 3b)
sample B}

——n (u)

(v)

—H,

Fig 2 The “B—-NMR spectra on

natrium borate glasses uumpurified with

paramaguetic lons, 2a) sample A, 2b)
sample B,

{v]

—H

Fi1g 4 The 1UB—-NMR spectra on

natrium borate glasses with 10 mol%,

paramagnetic ions, 4a) sample Aly; 4b)
sample B},

all three oxygen vertices specific of the B,O4 glasses are maintained also 1n the

studied glasses

The nuclet of boron atoms belonging to these units give the broad reso-
nance lme corresponding to the m = %—» — %central transition distorted in

second”— order by quadrupole interaction of the B nucleus.
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Table 1
The value of the ratio ¢/a measured irom the 'B—NMR spectra
Samples of Type A Samples of Type B
Content 1 mol % and Content 1n mol 9, and
Symbol type of metallic oxide cla Symbol type of metallic oxide cla
A, — 2,44 B — 7.89
A} 49, MoO, 3,06 B 49, MoO, 5,80
Alo 109, MoO, 3,23 Bl 10% MoO, 3,34
A 4%, Cr,04 3,75 B 4% Cr,0, 6,66
A% 109, Cr,0, 4,37 E 109, Cr,0, 6,89
Ad 49, N10 3,65 B 49% N10 6,39
Ao 109% N10, 4,16 B, 109% N10 6,42
Aj 49, Co®0, 2,84 B 4%, Co,0,4 7,10
Ady 109 Co,04 2,91 B, 109% Co,0, 6,15
Ad 4% V,0 2,66 BY 4% V,0 6,66
Af, 109% V,0 2,58 B, 10% V,0 4,29
AS 4%, MnO 2,33 B 4% MnO 4,56
A%, 109% MnO 2,04 B¢, 10% MnO 4,44

The addition of alkali oxides and, as follows from the data listed 1n
table 1, the addition of metallic oxides influences the fraction of boron atoms
which take part in the building of these structural umts specific of B,O; glasses,
1n comparison with the number of boron atoms which will participate in the
building of the [BO,] tetrahedra as structural umts whose !B nuclei will give
the narrow resonance line

It is known from the NMR theory that the number of nucle: 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 "B nuclei number which participate in narrow lme, N,
and of that which determines the broad line, N, from the 1B NMR spectra
obtained 1n the case of the studied glasses, also assumes in addition to this
double 1integration 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
eITors

A simple method to estimate the ratio N,/N; which does not affect the
qualty of the comparative studies made 1n this work was presented by Bray
and Silver [1] They show that

.

c
a

X

N,
N,

where ¢ is the intensity of the narrow line per mole of B,O; 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 B,O, measured i our case by the
height of the high - magnetic field peak because this peak 1s less affected
by the variations 1n (eq Q) and (%), spectfic 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, K should be constant.

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

Analysing the data listed 1n 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 MoO,,
Cr,0,;, NiO and Co,0O; deterrmmine the transformation of an additional number
of [BO,] structural units into [BO,] tetrahedra, which leads to the increase of
the four — coordinated boron atoms number, V,0; lets rather unchanged the
ratio c¢/a, while MnO has an opposite effect, causing a number of [BO,] tétra-
hedra to return to the structural units [BO;] specific of vitreous B,O,

In the case of type B samples where the share of structural units [BO,]
1s close by the maximum which can be obtained by the modification of alkali
oxide content 1n this type of glasses, all.the metallic oxides added determine a
decrease of the ratio c¢fa, therefore they have implicitly as effect the transfor-
mation of some [BO,] units into [BO,] units. However, one remarks that while
for the oxides MoO,, V,04 and Co,O, the ratio N,/N, continues to decrease with
the increasing of metallic oxide content, in the case of MnO, NiO and Cr,O4
the ratio c/a is not essentially modified with the augmentation of metallic oxide
from 4%, mol to 109 mol.

Therefore the conclusion follows that the accurate establishment of the
effect of alkali oxides on the borate glasses structure 1s complex, depending
both on the nature of metallic oxides and on the wvalue of the ratio
R = (x mol % B,0,)/(y mol %, Na,0) bemng imposed the study of this effect
on more types of matrices and for more concentrations of alkali oxides

(Recesved December 4, 1979)
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EFECTUL UNOR IONI PARAMAGNETICI ASUPRA STRUCTURII
UNOR MATRICI VITROASE PE BAZA DE BOR

(Rezumat)

In lucrarea prezenti sint expuse rezultatele objinute din studierea efectuln pe care nni
ton1 paramagnetict 1l au asupra spectrelor RMN ale 'B din sistemele vitroase de tipul x mol9;,
B,0; — y mol % Na,O cdrora le-au fost adiugafr in concentrain de 4% s1 109 (mol) urmitorii
oxizi metalica MoQ,, Cr,0; Ni10, Co,0,; V,0; MnO S-a constatat astfel cd acegti oxizi influen-
teazd structura acestor sticle, dect §1 proprietétile lor fizico-mecanice, efectul oxizilor depinzind atit
de compozifia matricn vitroase cit s1 de natura oxizilor metalic1 utilizaj
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INVESTIGATIONS ULTRASONIQUES SUR L’ALCOOL POLYVINILIQUE

D. AUSLANDER, E. DARVASI, A. AUSLANDER

Introduection. Les constantes de propagation de l'ultrason dans des solutions
de polymeéres permettent d’obtenir des données relatives au degré de dépolyméri-
sation et & la cinétique des processus de polymérisation et de dépolymérnsation
(11, [2], (3], (4], [5]

un moment v de la dépolymérisation, la masse moléculaire est illustrée
par la formule

M = Ae=% 1+ M, (1) -

ol K est la constante de la vitesse de dépolymérisation tandis que 4 = M, — M
M, représentant la masse moléculaire initiale et M, étant la valeur limite de

la masse moléculaire que 'on peut obtenir dans les conditions expérimentales
données, on aura

E.-m S,
- 2
Mo =""7 (2)
ot E représente I’énergie de la liaison des umtés moléculaires du polymere,
m — la masse moléculaire de I'umité structurale, S, la distance interatomique
limite au moment de scission de la haison intermoléculaire, et g l'énergie de
hiaison des unités structurales moléculaires [6], [7], [8], [9]

Méthodes expérimentales. La corrélation des propriétés du polymeére et
des valeurs de la vitesse de propagation et d’absorption de 'ultrason a été réalisée
dans des solutions aqueuses d’alcool polyvinilique, & concentrations différentes,
par dépolymérisations ultrasoniques, dans des conditions expérimentales variables

Ainst s’est-on servi de champs acoustiques aux intensités variées de
4,1 W/em? a 8,4 W/cm?, aux fréquences de 20 kHz et 1 MHz, la température

de travail se situant dans l'intervalle 35°C—65°C, le temps d’ultrasonorisation
étant de 3 2 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 & degrés de dépolymérisation différents,
obtenues pour chacune des valeurs des paramétres, dans les intervalles ci-dessus

Résultats et diseussion. I.a 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 a concentration de 0,057%

La vitesse de dépolymérisation augmentant avec l'intensité, le temps de
réalisation de I'équilibre, par l'arrivée & la valeur de la masse limite Mo, s’en
trouve diminué d’autant Dans les conditions expérimentales données, pour

M 02%:0((3)25 000, le degré maximum de dépolymérisation se caractérise par My =
= 0
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Fi1g 1 La dépolyménsation de Fig 2 L’accroissement du nombre de
I"alcool polyvinilique en fonction du haisons scindées, avec le temps d'ultra-
temps d'ultrasonorsation sonorisation

Fi1g 8 Vanation de la viscosité des solutions a
différentes concentrations

1
5 F(rmin) 0

I’accroissement du nombre de liaisons scindédes N, corrélativement au
temps d’ultrasonorisation est illustrée par la figure nr 2, dans le cas de la
solution 4 concentration de 0,0579,, sous l'action d'un champ de 1 MHz, &
mtensité 7,1 W/cm?.

De la figure nr 3 1l s’ensuit que, dans les conditions expérimentales données,

a savowr fréquence = 1 MHz et intensité = 8,4 W/cm?, la concentration de la
solution aqueuse d’alcool polyvinilique n’influencerait pas la dépolymérisation.

Quant a la température de travail, on y reléve Uexistence d'une valeur
optima par rapport a laquelle les valeurs inférieures et d’autant plus les valeurs
supérieures s’avérent étre défavorables a la dépolymérisation

En vue d’obtenir une caractérisation des systémes 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 I'ultra-
son dans toutes les solutions préparées, leurs constantes de dépolymérisation
étant déterminées On s’est servi & cette fin d'une méthode optique de diffraction,

a fréquence de 4 MHz, respectivement d’une techmque d’impulsion & 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 B,, = iﬁ, ont été observées
ec .

dans des solutions 4 masse moléculaire moyenne connte
On a calculé aussi les valeurs des constantes Rao et Wada

g 3)

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

R=M w=X

3 4

Tableau &
Valeurs des constantes acoustiques
tus 7 ¢ Bag

< (mm) [ M ' (mfs) (10780 mN) l R l 7

0 610 000 1439,9 4,8340 497,98 2,53

5 235 000 1439,6 4,8358 497,92 2,53

10 130 000 1439,3 4,8370 497,85 2,53

15 95 000 1438,8 4,8406 497,76 2,53
: Tableau 2 Appliquant les propriétés additives de la
Absorption do Pultrason en fone. V11€SS€, Tespectivement de l?. compressibilité mole-
tlon du temps d’irradiation culaire, on a calculé les incréments correspondants

des unités structurales de masse. R,et W,, portés

t us. afft- 1017« cm=t. g2 SUT le tableau X )
(1mn) On remarque l'indépendance, par rapporta la
masse moléculaire moyenne, des deux incréments
0 32,28 qui, de ce fait, deviennent les constantes acousti-
5 32,48 ques caractéristiques de l’espéce de macromolécule
}g ‘gg'gg I'intensification de I’absorption de I'ultrason
30 33.84 avec 'évolution de la dépolymeérisation est illustrée

par le tableau II
L’origine de ce phénoméne serait la variation de la viscosité de volume
au moment de scission de la chalne de polymeére et la modification correspon-
dante des fréquences de relaxation
Conclusion. Ces recherches relévent la liaison existente entre les constantes
de propagation de l'ultrason et le degré de dépolymérisation, tout comme la
possibilité de caractériser le polymeére par le truchement de certains incréments

acoustiques
(Manuscrit regu le 11 décembre 1979)
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CERCETARI ULTRASONICE ASUPRA ALCOOLULUI POLIVINILIC

(Rezumat)

In lucrare sint prezentate unele proprietift acustice ale solutulor apoase de alcool polivinilic
in functie de gradul de depolimerizare realizat prin intermediul ultrasunetelor Prin corelarea masei
moleculare medn 1 a numirulut de legiituri rupte cu viteza de propagare $1 cu absorbfta ultra-
sunetulu1, se stabilesc incrementele acustice ale umitifilor structurale de masd caracteristice polt-
meruluz,
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NOTE

ESR AND THERMOLUMINESCENT RESPONSE OF CaSO,/Mn

F. KOCH

CaSO,/Mn is distinguished in thermoluminescent dosimetry (TLD) by
relatively great and large y-ray sensitivity and low thermoluminescent tempe-
rature. Metastable energy levels 1n crystal cau be distroyed by about 110°C [1].
We have irradiated the CySO,/Mn crystales prepared with the Z Spurny
method [2] with Co—60 vy-ray, tested and applied 1t 1n dosimetry [3] It is accep-
ted that the ‘‘light-storage’” in these crystals 1s mainly in F and ¥’ centers and
iron transitiongroup can act as a luminescence center, as a trap

In 1951 Schneider and England [4] reported on ESR of Mn 1 lumi-
nescent ZnS powders It 1s important that Lambe, Baker and Ki1kuch1
[5] 1n 1959 reported for the first time a light induced ESR pattern (Fe*t 1n
a single crystal of CdS) It is stated also [6] that v, n, X, UV radiations pro-
duce similar changes in monocrystals Thus the results obtained with an irradia-
tion may be generalized and it 1s evident that there are y induced ESR pat-
terns, too.

In our measurements [7], first the Mn can be i1dentified by the appearance
of the known six-line hyperfine 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 1,7-10% rad(I), by 5,1 10° 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 1s in part distroyed and the ESR patterns become compli-
cated. In fact, at these doses the crystals can’t be used anymore 1n dosimetry.
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Ik

From fig 2 1t follows that with the ESR method the great y irradiations
can be 1dentified disappearance of the irradiation centres Accordingly it can
pe seen the possibility of using the ESR in dosimetry and may be by archeolo-
gical investigations [8] The advantage of the ESR method compared with the
TL lies 1n the posstbility of repeating the measurements (it is not destructive).

(Recewved November 15, 1979)
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RES $SI TERMOLUMINISCENTA CaSO,/Mn
(Rezumat)
Cristalele CaSO,/Mn termoluminiscente se iradiazi cu radiatu vy la doze mari Spectrele RES

inregistrate aratd schimbidri importante atit dupd iradiers, cit s1 dupd incilzirea probelor, deschi-
zind astfel unele posibilitifi de folosirea RES in dozimetria cu termoluminiscenfi
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LA CONDUCTIVITE ELECTRIQUE ET LA TENSION
THERMOELECTROMOTRICE DU SYSTEME Cr,0,—ZrO,

EMILIA MOTIU, C. CODREANU, M. VANCEA, C. GH. MACAROVICI

On sait que dans le systéme Cr,0,—Z10, 1l 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, i
savotr, la décomposition thermique des coprécipitats de hydroxydes [3]

On a préparé des pastilles, pressées 4 7 108 N-m—2 et synthérisées a 1500 °C
sous vide Ies contacts métalliques ont été obtenus par métallisation avec platine
colloidale

A Taide 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 nonmétallisées

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

Tableaw 1
La composition chimique en mole 9%,

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

I’analyse comparée des fonctions log ¢ = f (1/7T), figure 1, et de la variation
thermique du coeffictent de Seebeck « = AA—; , figures 2 a et b, montre que

les valeurs de p, fonction de température, et la nature de la conductivité électri-
que, d’aprés (sign «), pour les premiéres compositions du systéme, sont compa-
rables avec celles du Cr,0, type p, ce qu nous détermine & supposer que le
mécanisme de la conduction électrique est le méme, c’est & dire Cri+ — Cr3+,
mais favorisé ici par une possible transition Zrs+ — Zr3+
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D’apres les deux valeurs de 1’énergie d’activation thermique, tableau 2,
on voit que les compositions riches en Zr (8, 9, 10) se comportent comme le
Z1r0Q, pur, avec une conduction mixte ionique et électronique.

Tableau 2
L’énergie d’activation thermique

No 2 3 4 5 6 7 8 9 10 11
0,63 0,69 0,73 9,30 1,03 1,02 0,90

E ev 0,64 0,54 0,51
0,90 1,04 0,94 1,28 1,36 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 étre un eutechtique [5], dont la
température de fusion est 2200°C, ce qui recommande cette composition comme
matériau technologique pour des thermustances de haute température

(Manuscrit regu le 3 decembre 1979)
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CONDUCTIVITATEA ELECTRICA SI TENSIUNEA ELECTROMOTOARE
IN SISTEMUL Cr,0,—Z10,

(Rezumat)
In lucrare se studiazi variatia termucy a conductivititu electrice §1 a tenstunu electromotoare

pentru o serie de probe din sistemul Cr,0,—ZrO,, preparate, pentru prima oari, prin piroliza
coprecipitatilor de hidroxizi de crom §1 zirconiu
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SIMPLE MATTER-ANTIMATTER SYSTEMS

R. I. CAMPEANU

The 1interest 1n 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)
i cosmos In most expertments antimatter is observed in 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 Griffith and Heyland
[1].

The e +H, 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 L,ondon ATMOI, 1s a package of programs which calculates molecular
energies by a selfconsistent fireld method, using molecular functions as linear
combinations of atomic wave functions

We have obtained first the binding energy of the H, molecule in 1ts ground
state by including in the calculation 7s, 2s and 3s electron orbitals in the g,
molecular state The electrons were represented by Slater orbitals containing a
nonlimear parameter «, to be adjusted for the lowest H, energy We found for
the internuclear distance R =2 au the lowest energy —1.0863 au for oy =
= 108, which is above the best calculated energies in the literature; in order
to obtain a better result one has to include a much larger number of electron
orbitals 1n the calculation However we are interested in a relative calculation
and 1n considering the ground state of the e+H, 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 o, and ¢, molecular states Having fixed
o, = 108 we have varied «, of the positron orbitals to obtain the lowest
energy

No bound state was found for the configuration o, (electrons) c; (positron)
— the energy was always above the H, ground state energy. For the configu-
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ration o (electrons) oy (positron) and R =2 au we found for a«, = 0.1 the
energy —12993 a u which is well below —10863 au of the H, molecule.

Antiproton-hidrogen interaction potential. The 7-H system is, like H™,
the simplest two-center molecular problem It has an exact solution which was
calculated by Wightman [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 $-H system, where we have the exact answer.

A first calculation was performed using again ATMOL with a simple electron
configuration 7s, 2s and 3s We have taken o, = 10 for the H wave func-
tions and various values «, <<1.0 for the e-p function. The best results obtai-
ned for an internuclear distance R =1 au were around —05004 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

n — (e
\F‘ ZEC,N“LLZ’E (o)
=7
where A\ and p are the prolate spheroidal coordonates of the electron and
k,, I, integers (/, even) given by

k4l <=0 1,2 ...
Table 71

= 001 01 011 013 02 05 09

—V(au) 0500212 0501010 0501013 0501012 0500925 0498287 0 487735

In table 1 we give the variation of the interaction energy with the nonli-
near parameters « = for R =1 a.u, @ =8 (# = 45) The lowest value —
—0.501 a.u. was obtained for « = f = 0.11. The convergence with w 1s shown
in table 2 to be very rapid The study of this convergence allowed us to extra-
polate to # — o

Table 2

—V(au) 02733 0.4307 04706 04851 04923 0.4962 04985 05 0501
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The extrapolated value obtained for R = 1 a.u. and o« = B = 0.11 was —0 5042
au 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 ltke to thank Dr A Malvern for few useful discussions on the use’of ATMOL
{Recesved November 15, 1979)
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SISTEME SIMPLE DE MATERIE CU ANTIMATERIE
(Rezumat)

In prima parte a lucrirn se arati cd pozitronul formeazd cu molecula de hidrogen o stare
de legiturd Apoi, avind in vedere importanta cosmologici a interactmumlor atom-antiatom, se stu-
diazd doud metode de calcul al potenfialuluy de interacfiune dintre antiproton $1 hidrogen Re-
zultate foarte bume sint obfinute cu metoda Rayleigh-Ritz intr-un sistem de coordonate sferoidale.
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M Vasiu, Eleetrodinamica si teoria relati-
vitigll (Electrodynamics and theory of relativity)
Ed did st ped, Bucuresti, 1979

Dr M Vasw's book 1s primarily intended as
a course of electrodynamics and theory of rela-
tivaity Its aun 1s to present am account that
would give the reader a firm theoretical ground-
ing 1n the subject However, 1t must be emphasiz-
ed that besides the theoretical problems of the
electromagnetism the author presents modern
applications throughout For example, the mag-
netohydrodynamics, waves m plasma, magneto-
gravitational mstability, wave-guides, electro-
magnetic radiation and other present-day prob-
lems of physics are treated Some epistemological
aspects of the pliysical phenomena from the
pomnt of view of the dialectical materialism are
also analyzed

In this volume an attempt i1s made to give
a jomt 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 1ts content and structure the book of
dr M Vaswmu differs from others appeared in
our country in this area It 1s characterized by
a clanty of ideas, its style 1s clear and easy
to follow

The material contained in the book has been
arranged m 12 chapters and 16 appendices with
a number of basic mathematical problems At
the end of each chapter there is a selection of
problems which 1s a very useful aid to the stu-
dent For the most part these are designed to
supplement the text

The first brief chapter summarizes the funda-
mental relations of the macroscopic electro-
magnetic field theory Maxwell’s equations in
free space and i material media, together with
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 third chapter deals with the theory of
relativity It 1s worth to remark that the author,
besides the theory of special relativity, gives
some basic concepts of the general theory of
relativity

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

RECENZII

scopic electromagnetic field theory Noether’s
theorem as well as the derivation of conservation
laws from symmetry properties are also given

The sixth chapter 1s devoted to the study of
the electrostatic field i free space Some general
techniques for solving electrostatic problems are
given and the theory of electric multipole is
constdered The end of the chapter 1s consecrated
to the electrostatic field i dielectrics

The next chapter deals with the problems of
magnetostatics An entiwre chapter (VIII) 1s
devoted to the basic equations of magnetoliydro-
dynamics together with some applications (frozen
field lines, pmch effect) The adiabatic mmvariants
are also considered

In the absence of sources and when a dielectric
constant and permeability characterize the
medm, the macroscopic Maxwell equations
are linear and homogeneous This means that
wave solutions exist The basic problems of
the electromagnetic wave theory, including s
model theory of the dielectric constant and =
discussion of the classical dispersion relations
together with the electromagnetic wave propaga
tion m various media and inside waveguides
1s the subject of chapter IX -

The fundamental problems of the electromag
netic radiation 1s covered in chapter X The
subjects treated are among others The retardec
potentials, Electric dipol radiation Magnetu
dipol radiation, The Lienard-Wiechert poten
tials, Fields of an accelerated electron

In the subsequent chapter the application
of the Fourter and Laplace transforms to th
study of transtent phenomena m electrical cir
cuits 1s shortly presented

In the last chapter the author considers th
quantum mechamcal pomt of view Startm
from the Hamiltoman of the electromagnets
field wrtten under the form of the sum ¢
Hamiltonans of the harmonic oscillators 1
arrives at the quantisation of the free electrc
magnetic field Fmally, Vawvilov-Cerenkov effec
1s considered

Despite 1ts shortcomings (369 pages), howeve:
the book should prove a good basic text fc
the student if 1t 1s used 1n conjunction with th
literature

KARACSONY |

[, P Clu), Municipiul Cluj-Napoca c. 3014/1980
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