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PROPAGATION OF ION-ACOUSTIC WAVES
IN AN ARGON-HELIUM PLASMA WITH WARM IONS (I)

The linear phase velocity

M. CRISTEA

The propagation of ion-acoustic waves in a plasma consisting of hot elec-
trons and cold 1ons-1s well known [5] In the last years an increasing attention
has been payed to some special problems such as propagation of nonlinear ion-
acoustic waves [3], [4], [6], propagation of ton-acoustic waves in a multi-com-
ponent plasma with cold ions [1], [8], or with warm 1ons [2], [7], (9]. In the
latter case equal ion temperatures has been assumed.

In this paper we consider a plasma consisting of hot isothermal electrons
and two ion species with unequal temperatures We shall particularize our results
for an Ar-He plasma and compare them with those obtained in [2], where the
problem is studied theoretically, and in ‘[9], where experimental data are

reported

In the first part we limit the investigation to the linear approximation, stu-
dying the influence of ionic temperature and of light 1on concentration on the li-
near phase velocity of the ionacoustic wave. In the second part we shall in-
vestigate the nonlinear propagation of ion-acoustic waves

We assume that plasma consists of hot electrons with temperature 7', and
two ion species with temperature T,(2 =1, 2) All temperatures are expressed
i energy units Neglecting electron inertia and treating the electric fieled as a
potential field, the system of equations which describe the one-dimensional propa-
gation 1s

on, J
=+ (nw,) =0
P +ax( 1V1)

3!11 ) o0 Oy an‘l

(1)

p.A(av,_Fvuav,) 0% oy Omy
ot ox ox ny, Jx
one _ L
dx ‘ ox
’o

——— =0t —n,
ox

where index ¢ stands for electrons, 1 for light ions, and 2 for heavy ions. The follo-
wing notations are used

po=myfmy, o= ny/(ny + Ny), A =(1—a+ pa)fe (2)
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and )

Oy = s 0, = Y!Ti/Te (3)
Here #,, 15 the equiibrium ion density, m, the mass, and y, = 3 for an adiabatic
ion fluid, y, = 1 1f the 1ons are 1sothermal

All quantities mm (1) are dimensionless, distrances bemg normalized to the
electron Debye-length (A = ¢,7T,/n,,9?), tume to the inverse of 1on plasma fre-
quency (0} = (¢#,4/egm,)(1 — a + pa)) velocity to 1on sound velocity (cf = Apwp =

= (T ,[my)(1 — « + pa)) and electric potential to T7,/g

In order to investigate the propagation of nonlinear 1on acoustic waves using
the reductive perturbation method {10], we introduce the ‘stretched variables

E= ey — n), =" (4)

where ¢ is a small parameter and A 1s the phase velocity of the 1on-acoustic wave.

Assuming that n,, #,, v, and ® can be ‘expressed 1n terms of power series in
g 1e.

n,=1+sn“’+s2 D+

nl_or—}-eaz +s)1 +

ny=1— o+ eny) + &nd? 4- (5)
v, = avﬁl)—{— s'vfz)—i-
®=c0M 4 ¥ +

we introduce the expansions (5) 1 eqs (1) For the time being we keep only first-
order terms in e. In this approximation, imposing that the resulting hinear system
to be algebraically solvable, we obtamn the equation -

pe l1—a
:1 h
pAX — poy + udx® — o, ()

which allows us to find the phase velocity A Eq (6) yields 22 =1 4+ ¢, for « = 0,
and 22 =1 4 o; for & = 1. These results are well known [4,] [6] For arbitrary
values of the concentration, A depends on both a,, o, as well as on w and «

It 1s interesting to present a graphic method, which 1s useful for a qualitative
analysis of plasma behaviour We introduce the notations

X =pAN —po,, ¥Y=0pd»2— o0, K =yug — q, (7)
Eq (6) is equivalent to the system ’
Y = %{:ﬂ (8)
—
Y=X+4+K ‘ )

The roots of equation (6) are given by the intersection points of curve (8) with
the straight line (9).



PROPAGATION OF ION-ACOUSTIC WAVES (I) 5

We notice that the shape of the
curve (8) does not depend on
ionic temperature, and the para-
meters pand o only determine
the positions of the two asymp-
totes The straight lme D, de-
fined by (9), is parallel to the
bisector and 1ts posttion depends
on the two. ionic temperatures
through the quantity K
It can be ‘shown that the I
branches A, B, C of the curve }
(8) correspond to different plas- |
|
l
|

ma states Noticing that the nor-
malized thermal veloctties of the

two ion species can be written . 8

in the form '

Uy = (QI/A)IIZ: Uy = (ez/ELA)llz Frg 1
; (10)

and if A > #, plasma is governed by an adiabatic equation of state, and if A << #;
is 1sothermal, the following situations can arise

1°X>px, Y>1—a (branch C) , (11)
Taking into account (7), the inequalities (11 become)
N> (poy + po)fud, B> (1= a o o))pd (12)
hence
32> ul ul ’ (13)

and both 1on fluids are described by adiabatic equations In other words v, = v, =
=3

200<X <pa, Y<0 (branch B) (14)
or
o /pd <’ << a,fpd (15)
hence -
U2 < N < uf (16)

(%

Consequently, light ions obey an adiabatic equation, whereas heavy 1ons are 1so-
thermal (y, =3, v, = 1) ’

3° X <0, 0<Y <1—a (branch 4) (17)
These’ mmequalities are equivalent to

opfpd < A < poyfud . (18)
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so that
uy < A< uf (19)

The light 1ons are 1sothermal with v; = 1, and for the heavy ions y, = 3.

The cases 1° and 3° have been reported in papers [2], [7], [9], while the
case 2° 1s not mentioned 1n the literature Actually, this case is not possible if the
two ion fluids have equal temperature

Next we are gomng to analyse the behaviour of A 1n terms of 0,, 9, and «.
From eq (6) 1t follows

M= — 2ud (LLA+LLG1+°'2:E

£ {(ed + voy + 0)* — dufo10y + (1 — «)o; + a6, ]} 1) (20)

The sign 4 corresponds to mtersection of straight lme D with the upper branch
of curve (8), and the sign — corresponds to the intersection with the lower
branch Taking first the sign +, we denote the corresponding A by A, In order
to compare our results with the known ones, we consider the particular case 6, =
0, = 6 Smce for branch C y, =y, =3, 1t follows ¢, = 5, = 30 Introducing this
value m (20) we obtam

% A-+3 1)6 -
= (y« + 3+ 1)0 +
+ {[wd +3(p + 1)8]2 — 12u.6(1 + 36) {2) (21)
or, approximately
2 1 36(1 — a + pla)
2y~ — —_ 22
i " [pLA -+ o ] (22)

This 1s just relation (9) from paper [7], rewritten according to our mormaliza-
tion. If moreover

P (@23)
3(1 — o + pla)
(22) comes to
Mo~ (24)

This 15 the approximate value found by Fried e¢f al and expressed by formula (4)
of reference [2], where the normalization as well as the notations are different from
ours

Fig 2 plots the vanation of A, vs. light 1on concentration o for an Ar—He
plasma (p = 10}, with 1on temperature 0 = 1/9 The three curves correspoad res-
pectively to formulae I to (24), II to (22) and IIX to (21). The points repre-
sent the experimental data reported in [9] A satisfactory agreement can be noted,
especially for not too low concentration

Fig 3 represents A, as a iunction of « for an Ar—He plasma with unequal
ion temperature Curve 1 corresponds to 6, = 1/9, 8, = 1/3; curve 2 0, = 1/3,
0, =1/9, curve 3 6, =0, 6, = 3/10 In all cases y, = 3 It can be seen that cur-
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ves 1 (fig 3) and III (fig. 2) are 1dentical Although 0, for curve 1 is three times
greater than in fig. 2, this fact does not affect the dependence of phase velocity on
the concentration « On the contrary, the light ion temperature strongly affects
the behaviour of A,

Now let us take the lower sign 1n (20) The root A_ correpondends to the in-
tersection of the straight line D with the lower branch of curve (8) Assuming 6, =
= 0, = 6 we have K = (py; — v.)0 > 0, accordingly, the intersection point 1s
situated on branch A, where v, = 1, y, = 3 Hence ¢, = 0, 6, = 30, introducing
these values in (20) we obtamn

"= (y.A + (u +3)0
—{[r4 + (& + 3)01 — 4uB(1 + 2x + 30)}12) (25)
or approximately
2~ B8+ (1 + 20 + 30) (26)

pd [p(e + 9 4 a(l — o)]
In the particular case

Al — @) < b < (1— o) ' (27)

the relation (26) reduces to
Mo~ = (28)
pd(x + 6) ’

The eciualltles (26) .and (28) have been derived in [7] and [2] respectively.
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The curves I, II, IIT 1n fig 4 represent A as a function of «, calculated by
. means of formulae (28), (26) and (25) respectively, for 8 = 1/9 The points are
the experimental values reported in [9], for the same temperature
In the case of unequal temperatures, there are two poss1b111t1es K >0 and
K < 0. In fig 5 the curves 1(8,= 1/9, 8, == 1/3) and 2 (0, = 1/3, 0; = 1/9) corres-
pond to K > 0, hence vy =1, vy, =8 The curve 3 (0, =0, 8, = 9/10)corresponds
to K <10, so that vy, =3, y, =1
We notice that for K < 0 both phase velocities A} and A_ are less affected
by the variation of « (curves 3 in figs 3 and 5) We remark also the peculiar
behaviour of A 1n the range of small concentration
In conclusion we have found some features conceruing the behaviour of the
linear phase velocity of 1on-acoustic waves in an Ar—He plasma with unequal
1onic temperatures Although the fluid model used here 1s less adequate, the com-
parison of our results with those obtained experimentally or by an exact theoreti-
cal treatment shows a fairly good agreement The companson has been made
for the particular case of equal 10nic temperatures It can be expected that the re-
sults concerning unequal temperatures are also correct Nevertheless, a more exact
treatment would be required, especially for the purpose of deriving the damping
rates of ion-acoustic waves propagating with various velocities
(Recetved November 5, 1980)
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SO U A
mEEE®OSYE

—

PROPAGAREA UNDELOR IONO-ACUSTICE INTR-O PLASMA Ar-He CU IONI CALZI (1)
Viteza hmiard de fazd

(Rezumat)

Se considerd o plasmi Ar-He cu temperaturt mnegale ale fluidelor jonice Se arati ci pentru
fiecare pereche de valor ale temperaturitor (6, 0,) in plasmi se propagd doud modur: iono-acus-
tice cu vitezele de fazi A, s1 A_ (cu A, > A ). Pentru cazul particular 8, = 6, se regiisesc re-
zultatele cumnoscute in literaturd Pentru 6, # 0, este posibild o situafie nerealizabild in cazul
temperaturilor egale, §1 anume, flmidul iomlor de He este adiabatic, cel al ionjlor de Ar — 1zo-
term. In acest domeniu vitezele de fazd se comport¥ in mod deosebit la vamatia concentrafier 10-

milor ugori.
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EFFECT OF ION DYNAMICS ON THE SECOND ORDER
e TEMPORAL PLASMA WAVE ECHO

C. BALEANU

The plasma wave echo was theoretically predicted by R.W. Gou ld,
T. M O’Ne1l an J H Malmberg [5] and expertmentally discovered
by H Tkez:1 and N Takahashi [7].

Actually, there 1s much interest for this phenomenon [2], [3], [9] [10],
[12] smce a whole agreement between theoretical results and experiments was
observed, and their study allows to elucidate the collision processes arising in a
plasma as well as their applications in electronics

In the present paper we have wnvestigated the effect of the 1on dynamies on
the second order temporal echo oscillations bothin an electronic equilibrium plasma
and in a plasma penetrated by an electron beam. Our results represent an exten-
sion of thouse of A G Sitenko, Nguyen-VanChongand V N Pa v-
lenko [1], [8], [9]in whose papers ions are treated as forming a neutralizing
ummobile background '

The basic equations of our investigations are the two nonlinear kinetic equa-
tions for the electrons and 1ons distributions

o, o, e % _o

== 2t - _FE )22 =0 1
3t+v3x m (x, )311 ()
o, of, e af,

il DL ZEx )= 2
ot +v¢9x+M (x )av ()

together with the Poisson’ equation for the electrical self-consistent field

aiElnt(x, 1) = —4me S f.(v, %, t)dv + 4me S filo, %, t)dv 3)

where E.(x, t) denotes the external applied field given by
E (2, ) = E 3{wyt)cos kyx + E8[wy,(t — =) Jcos kyx {4)

where E, and E, are the amplitude of the first and second pulses respectively, &,
and k, its wave numbers, and w,, the electron plasma frequency defined by -

\ w;‘ _ 4nenge? (5)

3 is the Dirac functional.
O n the other hand E, (x, ¢) 1s the intermal self- consistent field
Applyind the method of the quoted authors we get for the second order echo
the expression '
4red E,E,

_ 1k%
mik 4m;‘” (t T)e X

E® (x, t) = —
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e— RV (-7} df"‘(v,)

, av’
X de i +
)k, ko) el By, Ryp’) ) By, — kyv")
' 4ne® EE, |, g
Pl {t — =% x

P () dfoy (V)

S dv' @
elH) (B, ko)) elH)(Ry, hyv") e (hy, —hy0')
where -
S T
ke — Ay
and the dielectric constant 1s defined by

afoe(v’)

4mer . © , dv’
ek, ©) =1+ fim S d — 2
mk 310 J—o0 » — kv 418

df o, (V')
0 P
+ Amel Iim S dy —
ME 5440 J)— w — kv’ -+ 13

11

8)

In what follows it will be assumed that the electron and 1on distribution functions

are maxwellian, ie

folt) = e exp [~ 22

T @nTm)? 2T,

. %o M
1olt) = Gz (57

©)

(10)

For ¢ << 1’ the contour of integration n (6) 1s to be chosen in the upper balf plane

v’. Then using Chauchy theorem we obtain

E,E,

B8 (%, 8) = 1oy 55" (¢ — 5) expsbx — y(k)(=' — 1)

Wpe

A

x(n(ko )y ["’(k‘) w0 k—l]
m M (1 _ L (1 _ Ii,t’
22 2y

where [6]

k) = oz + f +

. 8 2
ape + Ops
is the’ frequency and
’ Y(ki) = Y.(k1) + vi(R1)

3[“’;‘(1‘6/"‘) -+ "’;'(TJM)] k%
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with
_ Wl (k)
W k)ope | 2k
Y,(k1>=\/g- o o M
klﬂg
(14)
(k)

(k) x olkop 2
= — €
Tl 8 kW

LVE oV
m M

represents the decrement of the Landau-damping and o, 1s the ion plasma fe-
quency defined by

4rin,ed
M

Op, =

(16)

For ¢t > 1’ takmg the contour of mtegratfon mn the lower half-plane v’, we get:

E12

E& (%, t) = 1ek, (t — t)exp [%kx — y(k)(t — ) ki] X

i k
X ('Yz(kz) . Yalka) 2 k:] +
” i (1*%)(1‘%) (17)

+ sep E1fs (t — t)expthxy — y(R)(t — *')] X

"’p;

cos [m (&

Yelh) Yi(k)J cos [m(k)(f =]
m M k? k2
(=)0 %)

5 R

Tn the above expression w(k,), y(Es), (k) and y(k) have the same form as (12) and
(13) with k, or & 1n the place of &,

For kb ~ &k, and £ << <’ or £ > +’ expression of the echo field 1s
.E(2) (x t) — gk E,E, (t —T)Z o(k) ((Ye(k) _ Y,(k)) %

3mpe (%) ' M (18)
X exp[tkx — y(k)(f — ) ]sin ¢ cosfw (k) — ') + o],
with
k k , .
tgo =2k _ (19)

ok) B —ky
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In what follows we will mvestigate the second — order echo oscillations in a plas-
ma penetrated by an electron beam of lower density Then, the nonperturbated
electronic’ distribution function has the form

o = (ol 2] o 2

=T, on T 27T,

with

n

<<1 (21)

%y
where 7’ 1s the density of the electronic beam

It may be shown that in this case the frequency and damping decrement expres-
slons are

.
2

(k) = wﬂ{l e {1 _ ZZ;exp(—z;’)S:; exp(tz)dt]] -

2k%/2
, (22)
O 3R T T
+2mﬂ Ty o3, (m"‘ m TP M)'
A= e a b
Y{B) = Y= (k) |2 2, exp(—22) -+ —2- 2, exp(—2l) +
. (23)
o 2 o exp(—2z) )]
Ry
where z,,, 7z, and w,; are given by /
(k)
Z" _ e———— 24
’ V2 kv, @4
o(k) — ku
Ze = ———— 25)
\/2 k7)e
‘a2 4rn’e? ’ T_ \
‘ﬂpe = ’ v, = il (26/
m m

Further, our next aim is to {ind the values of the beam velocity when y(k) becomes
negative To this end, we firstly look for an approximate solution of the al-
gebraic equation y(k) =0 We assume z, sufficiently small, mn order to obtain a
switable approximation in keeping only the fust two terms in the expansion of

2 2
e~ " and, neglect ¢’ S

(22) reduces to

‘e exp(?)df Under these circumstances the expression
[]

B

P T
2(.)?‘ 2 M m;‘

(27)
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where
: o 3 T, B
pe '3 A .
, w =, |1— = £ — 28
¢ ﬁ‘[ 2k’v;’+ 2 m w;e] ( )

In this way, we conclude that instabilities will occur, when the following inequa-
lity 1s fullfilled -

u> 20, e exp [~ 05 )y Sk e
k22 J—kv, 2k%? k)2 NZ ko,

© (‘);7" 3 P T, P
u);z o, ¢ Zu)p‘ 2 m;& M exp (n:
k2p3 \/2_‘;",‘ 2R3 2k3yE
o4 2 % T,
o 20, 3 o}, M - (29}
Aot NZ ko,
<
From (23) 1t results also that the growth rate has a maximum for z, = ——\/i_
2
and 1s given by -
N Op 1 1
Y(R)max = — — w(k exp{— — | —
(R)ma 2 (%) ren 4'/2 p 2
e O
- 2
ey o) — e () | (30)

On the other hand, 1n this case using [4] we obtain for « 1n (27) the following ex-
pression :

w, = ml,,[l — 0,15 ;::f 4 — 8 L —k—’] (31)

2 2 m mw

Taking into account that in the stability domain y(&) > 0, the echo field for ¢ <
<7 is:
203, 2 Rl

E& (%, t) = — 1k 22 EiEy {m (Y(k) — "/_;i:”_Z' eXp(—'z:)) _

Loz, exp(—e) | exp b — 1Bt — ) w0 2>

kg
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The inequality y(k) < O defines the instability domam At the end of our cal-
culations we arrived (for the echo field for v << ¢ < «’) at the expression -

B8, 4 = e B2 [ B g 5 s el |+
j:c

= [(—1+m=(k)) 1 exp(—z) + o 2B (_ 1+2z;=)exp(—z;2)]_

km k2y? v 2 ko,
— % (t - ') :’i% w(k)z, i; exp(—z) — ;/—;I v—’; z, (—1+ zf)exp(—z:)}
exp[—H{o(k) — (k) — ) + tha] (33)

For ¢t < ¢’ the echo tield 1s ~
Edolx, 1) = ElE—Z[ Eﬁi[}’(k) - \LZTE NP exp(—zf)] +

20);, m k%

-

+i—;[i (1 S oo+ %o ol (~1 -+ 2 exp ()| +

: k22 o 2o,
+ 2;? d; % (B)z, exp(—2z}) —
;/7: :; (=1 + Zf).exp(—vzf)} exp[tkx — i(w(k) — iy (R — )] (34)

Now we can point out the main résults of the present paper. We have
denved expressions (11), (17) and (18) for the electric echo field for ¢ < v/, £ >
> 1’ and A = &, respectively when 1on dynamics 1s taken to account.

As a first result of our investigations 1t was stated that for ¢ << <’ we have
to do with 1ncreasing echo- oscillations, whilst for ¢ > ' decreasing echo oscilla-
tions can occur Generally, the growth or the damping of these oscillations has
a nonSymetrical character, excepting the case k ~ ; The effect of 1on dyna-
mics becomes manifest through a charge density perturbation, which gives rise
to a decrease of the echo field amplitude, together with a resonent interaction
with the echo oscillations having as a result a suplementary growth when ¢ < <’
or a suplementary damping when ¢ > 1’, and at the same time an increase of
. the frequency of the echo field.

In this. paper, it was also investigated the echo oscillations 1n a nonechilib-
Tium plasma penetrated by an electron beam and it was concluded that if the ine-
quality (29) is fullfilled, we meet with instability In connection with this, we
have derived expression (32) for the stablhty domain and expressions (33) and (34)
for the instability domain for + <¢ <<’ and ¢ > v From. these expressions we
see that the effect of ion dynamics which has occured in the case of an equi-
librium distribution will occur 1n this case too, moreover, a diminution of the beam
velocity will appear which is the threshold for the onset of instabilities.

The stimulating discussions with Professor M. Driganu are gratefully acknowledged

{Received November 13, 1980)
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EFECTUL DINAMICII IONILOR ASUPRA ECOULUI TEMPORAL AL UNDEI PLASMEI
DE ORDINUL DOI

(Rezumat)

Polosind metoda Im1 A G Sitenko s1 a colaboratortlor [1], [8], [11], au fost deduse

exprestile analitice pentru cimpul electric al oscilaiulor ecou, atit pentru cazul unet plasme echi-
Iibrate cit §1 pentru acela in _care este stribdtutd de un fascicul de electron: de densitate sci-
zuti Pentrn ultimul caz studml a fost efectnat atit in domemul de stabilitate cit s1 in cel de

mstabilitate.
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CRITIQUE DE LA FORMULE BORDA-CARNOT POUR LA DETERMINATION
DE, LA PERTE DE CHARGE LOCALE DANS L'ECOULEMENT DES
FLUIDES EN CONDUITES ET DEDUCTION D’'UNE NOUVELLE
FORMULE,

IOAN D. VONICA

I. Introduetion. L& détermination de la perte de charge locale qui survient
au moment de l'élargissement brusque de la section d’une conduite par laquelle
s'écoule un fluide en mouvement turbulent, est une question bien connue de la
mécanique des fluides et, dans certaines hypotheses, elle a pu étre traitée par
voie théorique aboutissant 4 la formule trés connue de Borda-Carnot

h:(_"x:_"ﬂ_‘:(l_ﬁ]zf_l: Yi_p V2 1)
! 2 4, 2% g'2g & 2 )

avec les notations (Fig. 1)

h; perte de charge (énergte) par umité de poids de fluide, provoquée par les tour-
billons qui se produisent au moment de I'élargissement brusque de section;

V., V, vitesses moyennes d’écoulement dans les conduites 1 et 2,

A,, A, aires de sections transversales des conduites 1 et 2,

€;, & . coefficients de perte de charge rapportés a la vitesse d’écoulement en amont
() ou en aval (&)

La formule de Borda-Carnot est souvent complétée de termes empiriques,
par divers auteurs, pour agrandir la précision des résultats obtenus Des recher-
ches plus récentes dont les résultats sont présentés dans les diagrammes de la Fig.
2, [7], mettent en évidence des écarts assez grands (jusqu’a 22%y) par rapport
aux valeurs mesurées des pertes de charge De telles erreurs, méme si elles peu-
vent étre tolerées dans certamns problémes d’hydraulique pratique des conduites,
sont 1nacceptables dans d’autres applications our dans les études de laboratoire.

Dans ce qui suit, on analyse d’'une maniére succinte la structure de la for-
mule Borda-Carnot en faisant ressortir les principales déficiences (trés sérieuses)
et puis, dans le cadre d’une hypothése
fonctionnelle considérée plus correcte, on

dédurt une nouvelle formulle qui élimine L /—B-,‘//X )
les déficiences signalées \, =T, T L T -
II Erreurs de structure de la for- ‘/‘j -7 el

mule Borda-Cornet. 1. I absence, dans la N e
formule mentionnée, de deux caractéris- /(;’ ~ et :
tiques fondamentales des fluides réels qui LU b R -
sont la densité (p) et la wviscosite (x) du Sy TN LT T \
fluide Pour un rapport donné A4,/A4, des ¢ //“ 1

sections des conduites et pour une vitesse
VIA {on V) donnée, la formule fournit une Fig 1 Croqus de prmcipe pour la déduc-
méme valeur %; indépendamment de

4 tion de la formule de calcul de la perte de
la valeur de la densité et de la visco- charge locale

2 — Physica ~— 2/1981
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L L ==E= = == Slté d.u ﬂui(_le Ce resultat est évi_
: S5 demment Ifcorrect car on sait
/i“/ blen que les pertes d’énergle
7\ Ve (charge) provoquées par un élar-
RN-42 gissement brusque de section pro-
/ viennent, dans leur plus grande
v ,% P partie, du travail de frottement
. 74 ] visqueux des trourbillons qui se
H‘ ' produssent dans cette zone et
que, donc, 'mnfluence de la den-
sité et de la viscosité du fluide
ne peuvent pas étre négligées.
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2 Pour le cas ou la visco-
sité du fluide est trés petite
é (théonquement pour le cas ol le

; I coctficient de viscosité dynami-
que 1 — 0), la valeur dela perte
| de charge %, d’apreés la formule,
L demeure la méme bien qu'elle

: ! dotve tendre vers la valeur zéro

N D pormrls e aa-Corrat | | 110 (cas des fluudes parfaits) Pour

el ) e | de tels cas (flurdes trés peu vis-

1 | queux), on pourrait bien s’atten-

R I B dre a ce que les valuers réelles de

C oA Ly h, différent en plus grande mesure

M L TAT T encore des valeurs calculées a
456 an 52 3 4 S5e 8 I’aide de la formule

Fi1g 2 Le coeffictent de perte de charge locale an 3 Les diagrammes de la
moment de l'dlargissement brusque de section en condmte  Fig 2 montrent, en outre, que
pour un méme rapport des sec-
tions des couduites, la-valeur du coefficient de perte de charge &, dépend ausst
de la valeur de la vitesse absolue de I'écoulement
En nous référant, en ce qui suit, a la Fig. 1, 11 est bien connu que le théoréme
des quantités de mouvement appliqué pour la déduction de la formule Borda-Carnot,
s’écrit en projection sur 'axe longitudinal de la conduite sous la forme

oQ(Vy — Vo) = ZFx si fByex1 (2)

avec les notations p densité du fluide, Q) débit volumétrique du fluide, V; et V,
vitesses moyennes d’écoulement dans les conduites 1 et 2, X Fx somme des pro-
Jections sur l'axe G,x (Fig 1) des forces extérieures ct des pressions agissant a
Iintérieur et sur la surface de ,,contréle” cylindnque choisie AA’B'BA

La somme X Fx de I'dquation (2) a l'expression connue

XFx=P — P,+ R, — Gsin « (3)
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avec les mnotations
— P, force totale de pression sur la section circulae 4A’ (égale & 4,),
dans les hypothéses acceptées jusqu’a présent, on comsidére P, =
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= $, A, bien que p, représente la pression dans la conduite 1 A
. proximité de I'élargissement, on montrera plus lomn que, considérer

$, constante sur toute la section circulaire A4’ (conduite 1 et 2),

constitue le pomt ,,vulnérable” de la déduction de la formule;

— P, force totale de pression sur la section circulaire BB’, force égale a
Py=p, - 4, .

— R;: la résultante des efforts tangentiels 1, a la paro1r de la conduite agis-
sant sur la surface latérale du cylindre 4 A'B'BA ,

— G poids du volume de fluide contenu dans la surface cylindrique de
contrfle, il est égale & yL A, vy étant le poids spécifique du fluide
et L la hauteur du cylindre, on a designé par L la longueur d’in-
fluence, dans la conduite 2, des troubles hydrauliques provoqués
par 'élargissement brusque de section

Avec ces précisions, la relation (2) devient

QWV,—Vy)=P,—P,+ R, —Gsina 4)

¥n ce qui concerne l'expression et la valeur de la force R,, tous les au-
teurs admettent que sa valeur est négligeable par rapport aux torces figurant en (4).
Dans certains onvrages, elle est exprimée al’aide des eftorts tangentiels 7, 2 la
parol Dans d’autres, on prend R, =~ 0

Mais il est bien connu que les deux pomts de vue aboutissent a la méme
formule Borda-Carnot

IIT DPéduction de la nouvelle formule. I 'hypothése acceptée jusqu’a présent,
suivant laquelle la pression p, varie hydrostatiquement sur l'aire circulaire 44"
(et notamment I"anneau circulaire AC—C’4’) est considérée inexacte La pression
. de la conduite 1 différe de la pression moyenne p; qui agit sur 'anneau AA’.

Des essais réalisés dans des conditions habituelles d’écoulement ont prouvé
que les différences entre les valeurs de p; et p; sont trés petites, mais elles ne
sont pas sans conséquences (notables) comme on le montrera plus lomn.

Dans la déduction qui suit, on renonce a I’hypothése de 1’égalité des pres-
slons p, = p; méme si la différence p, — p; est trés petite, ensuite on consi-
dére R, ~ 0 par rapport aux forces figurant en (4) On va déterminer la perte
de charge locale k; par

hy=H, — H, (5)

H, et H, étant les charges hydrod}ofnanuques dans lcs sect
tions AA’ et BB' (Fig..1) Pour défimur p;, on considére
que la pression vaniable p agissant sur la surface de I'an-
neau circulasre AC —C'A’ Fig 1 et 3, varte survant une
lo1 quelconque p = f(r), f(r) étant une fonction encore mcon-
nue et 7 la rayont vaniable indiqué dans la Fig. 3 On admet !

encore que la variation de p est radiale-symétrique sur 'an- ilfecfw;’“etfiiﬁifriﬁi
neau circulawre, étant donné les raions de symétrie géomet- AA’ de la conduite 2,
rique et de simihitude hydraulique Dans ce cas, l'expres- I=Tayon variable —sur

. ; , l-anneau crrculaire AC
ston de la pression moyeunne notée £, sur I'aire de 'anneau —CA”.
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circulaire, peut étre derite comme

r=Dajs r=Dys
f 2rf(r) rdr 2rm f flr) - rdr
pl — 7=Dy, — r=Dyx (6)
! Aﬂ - Al AS - Al

A; et A, étant, comme déja précisé, les aires des sections transversales des condui-

tes 1 et 2
Alors, au lieu de P, = p; A,, on aura comme force totale de pression sur
T'aire AA’, Fig 1et3

Poar=p1 Ay + pi(4, — 4y
On remplace P; par Py en (4), on met R, =0, G = vyA,L, 1l en résulte :
pQ(Vy — Vi) = P14y + p{(As — 4y) = pody — yLA,sina (7)
Tenant compte que sin o = z’—zzi (fig 1), Q = Vo4, p= Y et introdui-
4

sant ces expressions dans (7), U en résulte

Vz(Vz_V;) :_A_l Pl—Pi-{—P;—f)z—f—Zz-—Zl (8)
4 4, Y Y \
D’autre part, la relation (5) peut étre écrite
v Vi 2
klel_sz(—l‘;—P—l‘l‘Zl)—(_‘f‘P—‘i“zz) (9)
2 v 2

On extrait de (8) la différence z, — 2, et on I'mmtroduit en (9) I en résulte finale-
ment '

N A T A 0
hl - 28 + (1 Aa) Y (1 )

C'est 'une nouvelle formule pour le calcul de la perte de charge %, Elle différe

de la formule Borda-Carnot par le terme supplémentaire ( 1— %1) P2 1, qui jJoue
] Y

un réle important dans l’analyse du phénoméne et dans la précision de I'évalua-
tion de 7,

IV Conelusicns. Bien que la valeur de laopressmn $, ne soit pas connue dans
. la formule (10) (clle peut étre déterminée par des essais), la structure de cette
formule et les domnées cxpérimentales permettent d’er’ déduire quelques conclu-
sions 1mportantes.
1. I/mfluence de la densité et de la viscosité du fluude (quu manquent dans la
formule Borda-Carnot), y est présentée par le poids spécifique v et par la pression
#P1, la valeur de p; dépendant aussi, pour les fluides réels, .de la viscosité du fluide
La formule (10) élimine ainsi I'une des erreurs de structure tondamentales de la
formule Borda-Carnot
2. La valeur de %, calculée a I'aide de la formule (10), peut étre plus grande ou
plus petite que celle calculée par la formule Borda-Carnot, d’aprés le signe de
la différence p;, — p; =0 Les diagrammes de la Fig 2 confirment cette possi-
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bilité. La pression moyenne p; sur l'anneau circulaire peut étre p; =5, ILe cas
P, = p’ constitue, pour ainst dire, un cas particulier, et non le cas général comme
11 a été considéré dans la fomule Borda-Carnot

3. Pour le cas p; = p; (10) devient la formule Borda-Carnot ce qui prouve la
Justesse de I'expression mathématique de (10)

4 Torsque la viscosité du fluide mcompressible v — 0, le fluide tendant & devenir
,barfait’, on dott avoir ausst %, —» 0. Pour cela 1l faut que le terme supplémen-
taire de (10) devienne négatif, c’est-a-dire p; > p, la valeur de p; doit tendre a

Y(Vy— Vo)

Pi =p+

4,
(1= 2]
pour laquelle 2, =0

Les conclusions ci-dessus on été déduites de la structure de la formule (10)
et des diagrammes de la Fig.2, sans connaitre l'allure de la variation de la pres-
ston p = f(r) sur l'aire de l'anneau circulaire AC—C’A’

Il serait intéressant de vénfier ces conclusions en laboratoire pour un nom-
bre suffisamment grand de cas, tenant compte que la viscosité cinématique des
tlutdes peut varier dans des limites trés larges. Ainsi, par ex, la viscosité cinéma-
tique du mercure est ~ 14 fois plus petite que celle de 1’eaun et 110 fois plus pe-
tite que celle de 1'air Ces différences importantes doivent avoir des conséquen-
ces notables sur la valeur de la perte de charge %,' au moment de l'élargisse-
ment brusque de section ’

En ce qui concerne l'utilisation pratique de la formule (10) elle nécessite,
évidemment, la connaissance de la valeur de la pression moyenne p; ou l'existence
des diagrammes sur les courbes de la répartition de la pression p = f(r) déduites
des expertences de laboratoire

V. Observations supplémentaires. L'hypothése de 1'égalité des pressions
p1 = Py faite dans la déduction de la formule Borda-Carnot, peut entrainer des
erreurs importantes sur la valeur calculée de %, (les diagrammes de la Fig 2 le
prouvent sans faire mention de la nature des fluides) Pour illustrer cette possibi-
11té, nous présentons un seul exemple

Soit le cas concret d'un élargissement brusque de section avec D; == 5cm
(Vawre 4, =19,63 10-%m?, D, =10cm (A4, =7854.10~4m?), V,=2m/s
(donné),” V, = V,/4 =05m/s v = 1000 kgf/m?, p; = 1,2kgfjcm?=12 104
kgf/m?, $; = 1,005 p, = 1,206 10 kgf/m?; la différence entre les valeurs de
p1 et Py est trés petite (comme mentionné), de l'orde de 52 1000 La valeur de
h; calculée & l'aide de la formule (10) nous donne

(2 — 05y

h,~———+{1—

1y (1,2 — 1,206) 10
2.981 }

4 102

S1p; =101 ;= 1212 10 kgf/m? (difiérence de 19, entre p, et #;) on ob-
tient

~ 0,0697 m

h =w+(1_LJ {42 = 121910 (0247 m
2 9,81 4 108

.



29 I D VONICA

Calculée par la formule Borda-Carnot (qui n'est affectée que par les valeurs de
V, et V,) la valeur de %; est

(Vi = V) _ (2— 05y

h
! 2z 2.981

= 0,1147 m

Entre les valeurs ci-dessus de £, les différences sont trés importantes

(Manuserit regu le 16 novembre 1980}
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CRITICA FORMULEI BORDA-CARNOT PENTRU DETERMINAREA PIERDERII
DY SARCINA LOCALE IN CURGEREA FLUIDELOR IN CONDUCTE S$I DEDUCEREA
UNEI NOI FORMULE

(Rezumat}

Articolul prezintd deficientele de structuri fundamentale ale formulet Borda-Carnot pentruc
calculul prerdernn de sarcini locale la o largire brusci a secfiunu, in curgerea unut flud printr-o
conductd

Plecind de la o ipotezd functional# mai corectd in aplicarea teoremer impulsului, se deduce
o noudd formuld de calcul a pierdern de sarcmi care elimimni deficieniele formulei Borda-Carnot..
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UMIDIMETRU ELECTRONIC PENTRU UMIDITATI JOASE

V. IONCU, D. STANILA, 0. COZAR, T. FIAT

N
]

In lucrarea de fat# este prezentat un umidimetru electronic pentiu umidi-
tit1 joase (pina la 0,1%) realizat pe baza circuitului integrat TAA 661. Aparatul
este destinat unor misuritori rapide de umiditate in industria chimics, farma-
ceuticd, 2 matenalelor de constructin cte

Notiunca de umiditate sc 1eferd la apa hbard dictr-urn meterial, apéd ce
poute f1 extrasd printr-o metoda hizicd Una dintre metodele precise pentru deter-
minarea umiditifn este aceea a cintérirnt si compariri maselor materialelor umede
cu ccle rezultate dupd uscare Ea este folositd insi numai atunci cind este necesard
o precizie foarte mare, fund o metodd greoaie cu durati mare in timp Pentru
masurdtori rapide s-au construit aparate electronice, care se bazeazd pe variatia
unor proprietifl fizice (permitivitatea, conductivitatea) ale materialelor cu conti-
nuttl de umiditate [1—7]

Determinarea umiditifilor joase, pe baza varnatillor proprietdtilor mentio-
nate ma1 sus, se traduce prin misurarea precisi a unor variaju mict de rezistenta
sau capacitate

La umidimetrul realizat de not am optat pentru o variantd cu traductor
capacitiv Aceste traductoare se prezintd sub forma unui condensator variabil,
elementul variabil fiind constanta dielectricd sau unghiul de pierdere al condensa-
torului Utilizind acest 11p de element variabil, traductorul se preteazi functio-
nirii in regim continuu

Capacitatea unui condensator cu aer care are intre armituri o placd de die-
lectric cu grosimea d, si permitivitatea g; # e, se modificd atit la variafiile
grosimi1 4, cit s1 ale permitivitdfu e,

Conform menfiunn ficute anterior, traductorul capacitiv poate fi utilizat
la determinarea concentratiei pentru un am‘festec a do1 componenti caré nu for-
meazi complecsi ) ) ' '

Schema de princtpiu a dispozitivului este prezentatd in figura 1.

Se observi ci aceasta necesitd ca elemente adtive un circuit integrat TAA
661 si.un tranzistor BC 107 B Primul inglpbeazi un amplificator —limitator s
un detector sensibil de fazi, fiind utilizat de bazi in circuitele FI sunet sau MF
in receptoarele FM Schema blocurilor functionale (TAA 661) este prezentatd in
figura 2 .

Circuitul integrat TAA 661 contine un numir de 25 de tranzistoare; 6 d.ode
51 24 de rezistente, care compun urmdtoarele 4 blocur: functionale ampliticator-
limitator, cu reactie totald in domeniul frecventelor joase, compus din patru
etaje diferentiale; discriminator MF de coincidentid cu dubli alternanfd, etaj de
iegire repetor pe emitor st stabilizator de tensiune.

Capacitatea sonder C, formeazd Impreuni cu inductanfa I, un circuit rezo-
nant. Sistemul de reactu realizat pe blocul amplificator al circutului integrat
TAA 661 (Ry, C,, C,) permuite functionarea acestuia ca oscilator pe o frecventa
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W8OpF 39pF  10pF

——
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Fi1g 1 Schema de principru a umidmmetrului

determmatd de circurtul LC,, C, fund o capacitate vanabild (functie de materia-

lul plasat intre armiturile sale, respectiv de umiditatea acestul material)
Functia de transfer 1deals pentru un demodulator MF este de forma U ~

~ Af, unde U este tensiunea medie la 1egirea din demodulator, 1ar Af — deviafia

' Sursa  stabitizala
(| :
Ne
WIRARL O—— + |
[l‘l i Y Eta) Discrimnator
‘ »lamphifcator de
“‘ \miotor i comncidento
, e
It | |
il . —I
- I
;
. ’
1?1‘;
|
| ]
\ =+, L . [ ¢, | Dezeccentuare
1 Bl T.
.
Lot — —

' Fi1g 2 Schema blocurilor functionale (TAA 661)
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de frecventd (in cazul nostru Af este provocat s
de variatia lmt C,)  Rezulti ci reteaua defa- [4 '
zoare trebute si asigure o dependentd liniard i
intre Ae¢(faza) s1 Af de torma Agp = K Af ZC“"\

Aceastd caracteristica liniard este realizati, 1
cu o aproximatie destul de bund, pe panta circui-
tului de defazare realizat cu refeaua tripld trece
sus (C,, Cyp C5, Ry, Ry), clementele RC ale cir-
cuttului defazor, functie de frecventd, permitind
functionarea blocului discriminator ca demodu- et \
lator in frecventd Tensiunea de iesire a circui- s N
tului integrat (terminal 14) este in acest caz
functie de frecventa generatd si1 corespunzitor
si de capacitatea sondet C,, respectiv umiditatea
materialulut studiat: -

Sonda detectoare C; este realizatd in ace- | A

!
+ + +

lasi bloc cu dispozitivul electronic, fiind alcituitd 3 ¢ S ” 3 f[,:,_;zl
din trei plici metalice paralele de 8 x 10 cm,
acoperite cu lac 1zolator si distantate la 2,5 cm.
Pot fi utilizate s1 alte tipuri de sonde in functie
de domeniul de utilizare Placa din mijloc este activd, iar celelalte doud se leagd
la masi

Potenfiometrul Ry regleazi zeroul pe instrumentul de miasurd (100u.A)
pentru un nivel mimim in plaja de umiditate doriti.

Deoarece tensiunea de iesire pe terminalul 14 al circuitului integrat TAA
661 este puternic influentati de tensiunea de alimentare a circuitului, s-a 1mpus
o bund stabilizare s1 o decuplare corectd a alimentarii.

Utilizarea unor elemente de precizie (stabile in funcfionare) la realizarea
montajului, a permis, pentru temperatura de 23°C, realizarea unor mdsuratori
ale tensiunii de iesire cu o reproductibilitate de +0,5 mV s1 corespunzitor pentru
AC, cu 40,3 pF. Aceste performante permit determinarea unor umiditdft de
pind la 0,1% Caracteristica U, functie de frecventd (C,) obfinutd cu montajul
realizaf este prezentati in figura 3 Dispozitivul realizat este stabil in masurétori,
permite misurin de precizie. dublate de o schem# simpld s1 deosebit de fiabila

(Intrat in redagtte la 20 nolembrie 1980)

Fi1g 3 Caractersstica Ujey =F(f).
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ELECTRONIC MOISTURE METER FOR LOW HUMIDITIES
(Summary)

An electronic moisture meter for low humidities (under 19%) realised with the help of TAAG61
integrated circuit 1s presented '

.t
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ANALIZA PRIN ACTIVARE CU NEUTRONI A UNOR COMPUSI OXIDICI
DE TITAN (I) RUTILUL

V. ZNAM[BOVSCIII, CARMEN NICOLAU, I. MIRZA

1. Introducere. La formarea sa, Pidmintul a confinut o gami largd de com-
binatu chimice In crusta terestrd, sau manta, s-a produs un spectru de roci care
diferd mult in compozitia elemenetelor ce le confin Compozifia probelor terestre
este de un interes deosebit pentru geolog: s1 geofizicient

Cel ma1 mmportant obiectiv al acestor cercetéiri este de a determina abun-
denta elementelor chimice in diferite materiale geologice Aceasta include analiza
toctlor terestre pentru caracterizarea lor chimicd, identificarea mineralelor ce
cuprind o rocd in scopul de a stabili distributia elementelor chimice, formularea
modelelor petrogenice pentru infelegerea proceselor magmatice si intelegerea trans-
formairilor preferenfiale ale muneralelor in soluri, argile s1 sedimente Analiza
rocilor terestre poate fi comparata cu cea a rocilor lunare s1 a meteorijilor Reu-
sita cercetdrit depinde major de precizia determindrut abundenter elementelor.

Pentru stabilirea varietdafn rocilor, este important de determinat abundenta
elementelor minore st a urmelor [1, 2] Pentru aceasta este de dorit si se foloseasci
o tehnicd de lucru cu sensibilitate inaltd, specificd, care si dea informatii-ama-
nuntite asupra uner probe de dimensiunit foarte reduse, de ordinul gramelor sau
miligramelor

In lucrarea de fatd ne-am propus analiza rutdului cu ajutorul metodei de
analizd prin activare cu neutron:i care Intruneste toate criterile amintite mai sus,
conducind cercetirile pind in momentul obtfinernn concentratiilor elementelor
cdutate in probe .

2. Date mineralogice. Rutilul (T10,, cristalizat in sistemul tetragonal) se
formeaza in diferite conditii geologice, realizate in domeniul magmatic (ortomag-
matic, pegmatitic, hidrotermal) metamorfic (metamorfism regional de facies
ridicat, metamorfism de contact) si exogen, ca mineral de neoformatie in depozite
sedimentare N

La noi in tard, rutilul se asociazd cu numeroase tipuri de roct magnetice si
metamorfice, apirind exlusiv ca mineral accesorin, de unde se concentrazi in
dezagregate eluviale-deluviale g1 aluviale ILipsa unor zicdminte de titan pro-
priu-zise, ne orienteazi cercetarea spre unele produse primare slab titanifere, cum
sint rocile cu titanit-CaTi{O |SiO,] asociate unor complexe de intruziuni alcaline,
mezometamorfitele cu rutil si 1lmemt din seria de Sebes-Lotru (Muntit Semenic)
si, totodatd, spre zonele adiacente de concentrare reziduald mecanici si hidrome-
canicd). Interesul economic pentru aceste minerale creste datoriti elementelor
rare pe care adesea le confin (TR, Nb, Ta, Sn, Sc etc)

In lucrarea de fafi abordim studiul prin activare cu neutroni a rutilului
din zonele Viliug s1 Garina (Muntii Semenic)

Rutilul (Ti0,) 51 asociat cu el ilmenitul (FeT10,) din masivul Semenic, apar
intr-un orizont de micasisturi cu distenstaurolit-almandin dezvoltat la scard
regionald intre localititile Lindenfeld —Gé#rina—Viliug—Mehadica (jud. Carag
Severin), de unde este remaniat in dezagregatele aluviale ale riurilor localee [3]
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Cristalele de rutil se prezintd heteroidioblastic, avind pind la 10—15cm
lungime, obisnuit 1—3 cm grosime. Culoarea este brund, brund rosietici si brund
inchisi (aproape neagri) cind continutul in fier este mai ridicat (nigrin) La mi-
croscop se remarcd neomogenitatea mineralogici a cristalelor de rutil, concrescute
cu lamele de ilmenit, in ansamblu ilmenitul nu depédseste 109, din masa rutilului.
In sectiuni subtiri, rutilul manifestd pleocroism slab de la galben-luminos (V)
la galben inchis (NV,) st clivaj bun dupéd doud direcfnt (110) st (100)

3. Procedeul expesimental. Tinind cont de sensibilitatea inaltd a metodei
(10-10 — 10-12), s-a folosit analiza prin activare cu neutrom: termici [4]. Probele
cercetate au fost expuse fluxulut de particule activante de 102 n/cm? s, la unul
din canalele or1zont. le ale rcactorulli VVR—S Bucurestiz Metoda se bazeazi pe
compararea activirii induse de f{luxul de neutromi in probele de analizat cu cea
indusd in standarde pentru elementele de interes [5] Probele si standardele au
fost iradiate s1 masurate in aceleast conditii [6] In tabelul 1 sint prezentate
caracteristicile reactulor de activare (%, y) si ale 1zotopilor radioactivi formati
pentru Ti, Hf, Sb, W, Sc, Ta, Fe si Co

Pentru o analizi completd au fost executate doud iradiert la timp1 scurti,
in cazul nostru de 3 minute, s1 12’ timpi lungi de 10 ore

Tabel 1
Datele nucleare ale elementelor identificate in rutil '
Izotopul
Elementul radioactrv Tyia g (barm) a(%) Ey (KeV)
format
T1 Sc 3,43 %ile 2,1.10—4 7,75 160
Hi 181 H 42,5  zle 10 35,22 482
Sb 13¢8b 60 zile 10 5,98 , 603
' mw 239 h 40 28,4 685,8
Se {5Sc 83,9 zile 10 99,99 889,2
Ta 182Ta 115 zle 21 99,98 1221,4
Fe %Fe 45,6 zile 1,1 0,31 1292
Co 82Co 5,263 am 18 99,99 1332,5

unde o reprezintd sectiunea cficace a reactier (n, Y ), a, abundenta naturald a izotopului tintd, Tyz tim-
pul de injumitdlire al 1zotopului radicactiv format iar Ey. energia gama de dezexcitare folositd in calcule '

*Au fost iradiate cantitijt de ordmul a 70 miligrame pentru timpi
scurtt si 130 miligrame pentru tumpi lungt S-au folosit ca etaloane: 80,90 [mg
din etalonul 712, 7,10 mg dmn etalonul de W s1 1,7 mg din etalonul de Ti.

Instalatia de misurd este compusd dintr-o sursi de inaltd tenstune stabili-
zatd, care alimenteazd cu 1600V un detector cu semiconductor de Ge(Li) de
volum 55 cm? si cu rezolufia 4,5 keV pentru radiaia 1332 keV a 60—Co, detec-
torul este insofit de un preamplificator care furnizeazd semnalul unui amplifica-
tor cu constanta de timp egali cu 2 s si coeficientul de amplificare 50 Dupi
conectarea fiecirur bloc in constituirea lanfulur spectrometric, s-a verificat pe

3
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osciloscop forma impulsului §i s-au ficut corectiile necesare. In felul acesta s-a
reusit si se dea analizorului de 2 048 de canale o informatie corectd cu un fond
redus

4 Rezultate experimentale. Identificarea izotopilor radioactivi formafi
prin activare s-a fdcut pe baza energulor gama caracteristice emise, folostndu-se
tabelele din literaturd [7] Pentru timp: de ricire scurft de 3 minute au fost
identificat1 calitattv pentru proba geologicd R2 izotopu de Sm, Ku, W, Sc, Fe,
Na, La, pentru proba R3 1zotopii de Sc, Fe, W, Na, pentru proba R5 izotopii
de W, Sc, Na, pentru proba R9 izotopi de W, Sc, Na, 1ar pentru proba R14
1zotoput de W, Sc, Na, K Pentru timpt de ricire de 8 zle in spectrul lui R2 apar
si 1zotopir de Ta, Cr, Mn, Co, K, Sc(T1), Sb, Hif, 1ar in spectrul lu1 R3 apar izoto-

lpii de Ta, Lu, Mn, Co, K, Ln, Sc(Ti), Hf, Sb Dacid la R5 pentru timpt scurfi de

rdcire au fost identificate doar picurile corespunzitoare a trer izotopi, pentru
timp1 lung: de racire spectrul este foarte bogat in 1zotopi de Ta, Hf, Fe, Co, Sb,
Mn, Sc,(T1), La (fig 1) In RY au mai fost 1dentificats 1zotopii de Ta, HE, Sc(T4),
Lu, Cr, Fe, Sb, K, La, Co, 1ar pentru R14 mai apar 1zotopii de Ta, Hf, Sc(T1),
Sb, Fe

7
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Fi1g 1 Spectrul y al prober mineralogice de rutil RS

Avind in studiu mai multe probe geologice de rutil provenite din diferite
ocurente, s-au folosit notatule R2Z, R3, RS, R9 51 R14 pentru a le diferentia.
Analiza cantitativi a acestor probe a condus la dozarea urmitoarelor elemente
Ti, Hf, Sb, W, Sc, Ta, Fe, Co Rezultatele obfinute sint prezentate in tabelul 2.
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. Tabel 2
Concentratlile clementelor de interes in rutil

Proba .
\ R2 R3 R5 R9 R14
Element -
T1 (%) 22,6 . 20,6 50,6 41,5 11,6
‘ 40,2 +0,2 40,5 40,2 +0,2
Hf (p pm) 0,15 0,18 2,8 4,1 3,0
0,07 40,07 . +0,3 40,1 40,1
Sb 1 0,02 0,073 0,295 0,572
W(p.p m) 24 25 260 180 12
+8 +6 420 48 48
Sc(p p m) 16,3 17,2 12,6 7.8 5,3
4-0,6 40,7 40,5 -4-0,3 40,2
Ta(p p m) 68,5 54,2 640 426 199
+1,6 +1,2 +6 +2 +3
Fe(%) 70,2 68,0 12,1 4,0 2,0
40,1 +0,2 +0,9 +0,3 4-0,2
Co(p,p,m) 117,1 118,3 7.8 0,64 —
+1,7 +1,5 r +1,0 40,33 —

Obs Sb este calculat relativ la R2 considerat umtate

Se observi existenfa unor diferenfe semnificative in ceea ce priveste concentratia
elementelor de interes in swrul<ocurentelor mineralogice studiate

In incheiere, aducem mulfumirile noastre cercetdtoarelor M Siligean
si A. Pantelici, de la IFIN-Bucurest:i, pentru sprijinul acordat in efectuarea

masuritorilor experimentale.
(Intrat in redactie la 19 i1anuane 1981)
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NEUTRON ACTIVATION ANALYSIS OF SOME TITANIUM OXIDE COMPOUNDS
(I) RUTILE

(Summary)

It was made a qualitative and quantitative thermal neutron activation analysis of some
ruitle samples which were gathered from different regions By this method i1t was determuned
the concentration of the following eight elements °,’1‘1, Hf, Sb, W, Sc, Ta, Fe and Co
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ASUPRA DETERMINARII RADIOACTIVITATII UNOR FACTORI DE
MEDIU INCONJURATOR PRINTR-O METODA ABSOLUTA

C. COSMA, I. MASTAN, V. ZNAMIROVSCHIX

Determinarea concentratier unui, element prin misurarea radioactrvititu
v naturale sau induse necesitd.in cazul folosirii metodei absolute [1] cunoagterea
urmditoarelor marimi eficacitatea de detectie, ¢, unghiul solid in care se fac
misuritorile, Q, factorul de schemd, #, precum $1 a factorului de atenuare, f,,
a radiatiei v In cazul dozirii radonului din ape si gaze naturale radioactive in
lucrdrile [2—5] s-a folosit relatia

A=4,F1 L ‘ (1)
Q e n

in care A,, este activitatea v sub tot spectrul, masuratd in regim integral, e este
eficacitatea de detectie integrald incluzind toate cele trei efecte de interactiune
[6]. In lucririle citate, pentru instalatia spectrometrici NP 424 s-au folosit valo-
rile calculate Q = 3,96 steradiani, f, = 1,25 s1 # = 2,5 [7] Eficacitatea s-a de-
terminat folosind surse etalon de 87Cs st 241Am, in calcule utilizindu-se valoarea
medie de 389,

Utilizarea in calcule a eficacitdfn mtegrale s1 dect a relafien (1) poate produce
erori destul de mar1 din cauza necunoastern precise a factorulur de schemi 7,
dificild mai ales in cazul unor spectrervy cu multe fotopicurt cum este cazul echi-
Iibrului #22Rn — 214Ph — 2By In astfel de cazuri pentru a se putea utiliza rela-
f1a (1) trebuie si ne asigurdm ci echilibrul radioactiv este stabilit s1 ca nu existi
in probd alfi nuchzi y radioactivi La fel, In acest caz estimarea factorului de ate-
nuare este mai1 pufin precisi, acesta fund la rindul siu dependent de energia
fotonulur Din aceastd cauzi In misurdtorile absolute se foloseste [recvent efica-
citatea sub fototip, e(E), {1, 8], in care caz activitatea se determina cu relatia

_ 4 4 1 £
A= Amf Q ef(E) "(E) (2)

unde A,y este activitatea miasuratd sub fotopicul de energie E, #(E) fund frac-
tiunea din numairul de dezintegrar care sint insotite de emisia de fotoni cu ener-
gia E In acest caz, atit contribufia atenuirii f,(E) cit st factorul de schemi
#(E) pot fi mai precis evaluate. In lucrarea de fatd ne-am propus si determinim
eficacitatea de detectie pentru energia de 610 keV, £(610), in cazul folosiri
sondei de scintilatie NY 424 g1 si comparam rezultatele obfinute cu relatia (2), cu
tezultatele anterioare obtinute cu relatia (1) S-a ales encrgla de 610 keV deoarece
aceasta are contribufia cea mai importantd [2, 4] in spectrul y al radonulu in
echilibrul cu urmagi si1 La o dezintegrare « a radonului se emit n(E) = 0,47
fotoni y cu energila ammtiti [7] Pentru determinarea eficacititii sub fotopicul
de 610 keV am misurat eficacitatea sub un fotopic vecin pentru care dispunem
de o sursd cu activitate cunoscutd. $-a utilizat in acest scop energia de 660 keV

\
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a 19Cs, sursd etalon puctiformd livratd de I F.I N. Bucuresti Eficacitatea pentru
energia de 610 keV se exprima in functie de eficacitatea pentru energia 1¥Cs cit
ajutorul coeficientilor de absorbtie fotoelectricd w, st p, prin

£(610) = % £(660) / 3)
g

unde ¥ = 1,25 [6] Pentru calculul actvitifn sub fotopicul de 660 keV am

N

-"'2 -
folosit relatia
4y 4x

(660) = 2L

(4)
in care A, este numirul de impulsuri sub fotopic in timpul £, 4, = 3,85 uC1 este
activitatea 1%7Cs la data efectudrii masurdru 1ar Q. a fost calculat astfel
‘&\
AB? 1
Qs == T = 271.' (1 - :) 5
R . AT+ (@2he ©)

in care @D = 75 mm) si h sint indicate pe figura 1

Cu ajutorul relatiilor (5) s1 (4) am calculat valoarea medie a eficacitédfit sub
fotopic pentru patru valori a distanter % obtinindu-se valoarea &(660) = 17,8 4
+ 0,9%, utilizatd apo1 in relafia (2)

Pentru a determina activitatea sub fotopic A, s-a ridicat spectrul unei
probe de api (~ 0,5/) de la 1zvorul nr. 3 de la Biile Somegeni in jurul valorii
de 610 keV (fig 2) Folosind metoda trapezului pentru calculul activitafii sub
fotopic [8] am obtinut valoarea de 619 imp /100s. Cu aceste valori pentru Ay §i
eficacitate si utilizind pentru Q si f,(E) aceleasi valor1 ca in relajia (1) s-a obtinut
pentru activitatea radonului calculati cu relatia (2) valoarea de 12,82 nCifl,
valoare mare fati de 9,5 #Ci/l misuratd in lucrarea [9] Faptul ci relatia (2)
conduce la rezultate mai pufin precise ca relatia (1), desi masuratorile s-au efec-
tuat in acelasi unghi solid 1ar factorul de atenuare variazd putin in cazul celor
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doud metode, nu este explicabil nu-
mai dacd 4, a fost supraevaluatd <o
Acest lucru ne-a condus la 1deea
existenfei unui pic in spectrul fon- 9
dului in jurul valori de 610 keV.
Dupid cum se observid pe fig- 44l
ra 3, in cazul ridicirii spectrului cu
scintilatorul in turnul de plumb a- .|
pare un fotopic In jurul valorii de NS
660 keV, pic care duce la supraesti-
marea valorit 4, cu metoda tra-
pezului Deci, pentru ca relatia (2) 9
si conduci la rezultate corecte este ™[ xd 7=~ - o -
pecesard utilizarea unei valor: co- i - Y
tectate, Ajy, dupd cum se observd 'W ! ke A T ANALE
pe figura 3. Cu aceastd valoare co- ;5 “z‘éd' T R e R N
rectati relatia (2) a condus la o
activitate de 9,75 #C+/l Pentru ac- Fig 3 Contribupia fondului la fotopicul de 610 keV.
tivitatea calculatd cu relatia (1) -
am obtinut o valoare de 10,88 »(C2/l Ambele valori sint in buni concordanti cu
valoarea de 9,6 #Cz/l [9] obtinutd prin detecfia radiajter o 1 compararea acesteta
cu radioactivitatea unui etalon Astfel, putem si afirmim ci rezultatele noastre
anterioare [2—5], calculate cu relatia (1), sint corecte In limita unei erori de 109,
si cd relatia (1) este de preferat in cazul unor activirdtt mici cind obtinerea spectru-
lui este dific1ld de realizat Menftondm tot aict cd o mdisuritoare anterioard [3]
efectuatd asupra unei probe sumilare a condus la o valoare de 8,43 #C2/l Putem
remarca (v fig 3) st taptul cd spectrul fondulu: in absenta turnului de plumb nu
coniine picul de 660 keV, ceea ce inseamni cd acesta se datoreste unui element
radioactiv continut In plumbul din turn Cautind printre omologii chimici ai plum-
bulur am gésit cd 126Sn cu un timp de injumititire de 105 ani conduce la izotopul
126Sh care la dezintengrarea 8-, cu un timp de Injumadtdjire de 12,4 ore, emite
fotoni v cu energia de 666 keV s1 respectiv 690 keV Picul de 660 keV din fignra
3 poate fi astfel consitderat ca datorat 126Sh in cchilibru cu 12835n, aceasta din
urmi fund probabil acumulat prin fistunea uranialui in decursul timpului
geologic

' {1imp/100s)

w.. PROBA
o~ FOND IN PLUMB
o- — FOND FARA PLUMB
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(Intrat In redacfie la 3 martie 1981)
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ON THE RADIOACTIVITY DETERMINATION OF SOME NATURAL ENVIRONMENTAL
FACTORS BY AN ABSOLUTE METHOD

(Summary)

It was presented an absolute method for the radioactivity determination of natural samples
(gases, waters, soils), usmg the efficacy measurements under the photopeak. A comparison bet-
ween the results obtained by this and other methods was made The background contribution
to the 610 keV photopeak of 24B1 has been evidenced.
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O NOUA METODA DE MASURARE A ANIZOTROPIEI
CIRCULARE

E. TATARU, K. KOVACS, C. TOMA

\

Prin anizotropia circulardi a unei substante se infelege diferenta dintre
indicele de refractie complex corespunzitor luminii circular polarizate dreapta
(N, = ny —1k,), respectiv circular polarizate stinga (N_ = n_ —k_). Am-
zotropia 1ndicelui de refractie real (#, —#_) se manifestd prin rotirea planului
de vibratie a luminii, iar anizotropia constantei de absorbtie (2, —%_) prin dic-
roism circular Anizotropia circulard se poate provoca in mod artificial cu aju-
torul unut cimp magnetic longitudmal, adica orientat in directia propagirii lumi-
mi In acest caz rotirea planului de vibratie a luminu poarti numele de efect
Faraday, 1ar anizotropia absorbtiei dicroism circular magnetic

Anizotropia circulard se poate mésura atit in regim continuu, cit si in regim
alternattv In cel de al doilea caz este necesard o modulare sinusoidali a lumini1.
In noua metodi propusi s-a ales varianta alternativd pentru misurarea anizo-
tropier circulare.

Teorie. Schema de principiu a unel instalainn pentru mdsurarea 1 lnregi-
strarea amizotropier circulare in regim alternativ este redata in figura 1{1] — [3].
Lumina se propagd de-a lungul axei Oz Planul de vibrafie a polarizorului formeaza
unghiul e¢p cu axa Ox, 1ar cel al anahizorulur unghiul «, Modulatorul comandat
de un generator de audiofrecventd (w,,) intrcduce un detazaj alternativ

3(t) = 8 + Syycosmyt (1)

intre componentele E, s1 E, ale mtensitafii cimpulur electric al undei luminoase.
Astfel, mntensitatea cimpului electric a Juminin la 1esirea din polarizor este

Ep = Eet =3 (3 cos ap + 7 S1n ap), 2y
iar la lesirea din modulator
Ey = E¢ot =519 [1 cos ap + 7510 0pe'® ], (3)

unde o este pulsatia si ¢ viteza lumuni, 1ar E amplitudinea vectorulut electric.
TLumina 1esiti din modulator se poate considera ca suprapunerea a doud unde
luminoase circular polarizate mo-

Polarrzor Modulator Prabo Ana' 2ot

dulate : _,__lZ»»? %E>{ —K: ;~]»~> I'l?le(lm l

]M:I++I_, (4) /l——‘z
~ . Generolor 10 ey
y ¢e audig

unde intensitatea undelor circular femdis 1utor
polarizate este

=>»— Semnal luminos

==3» Comundd elecirico

_1Ip . s
I, = 2 (1 + sin 2ep sin 8(f)], (5) Foag 1
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I, filnd intensitatea luminii iegite din polarizor _Pentru cazul particular ap=
= 7/4 se regdseste formula lm1 Baldachinigi Mollenauer [1].
Proba de lungime ! introduce un defazaj complex ® = ¢ — 16, unde

wl

Q= (n+A - 7{—) % . . (6)
este unghiul de rotafie a planulur de vibratie cauzat de probi, iar
6= (ks — k)2 ' o
2c

este misura dicroismului circular al prober Astfel, din probi iese o undi tumi-
noasé eliptic polarizatd modulatd in timp, 1ar dupi trecerea prin analizor obtinem
lumini liniar polarizati de intensitate

wlky.

I, = %]pe C 14 e=2 - (1 — e~%) sin 2p sin 3(t) -

~+ 2670 cos 2ap cos(@ + 20 ) + 2~ s1n 20p s1n1 (@ 4 2a,) cos 3(¢) ] (8)

Dupa dezvoltarea in serie a expresiei (8), raportul I,/I, se poate descompune
in urmaétoarele componente * o componentd continui

wlky

ﬁ—*’) — %e— C {1 4 e=20 cos 20p cos (¢ + 2a,) + [(1 4 e~20) s1n 2ap sin S, -
P/o

+ 2 sin 2ap e=% sin (¢ + 20,) cos 8,] Jo (34)} (9)
s1 componentele alternative
bkt
(I—“) L (—1)*e ° [(1 — e 2)sin2apcos 3, — 2sin 2ape=? X
Ip (2n+1)mM 2

X sin (¢ + 2ay) sin 8] Jant1(85) cos (21 4 1) wy b, n=20,1,2 .. (10)

respectiv
L

(‘EJ =1(—1)"%e ° [(1 — e~ sin2apsin §, + 20 sin 2apsin (¢ + 2a,) ¥
Ip)2ney, 2

X €08 891 Jan (Sy) cOs (27 4 1) @y £, n=123, .., (11)

unde [, sint functiile Bessel de ordinul m.,
In condititle «p = f

, @4 = — — si ¢ mic, prima armonici a semnalului
4
furnizat de detector este

wlky

() =@+ 8)e " Ji(du) cosaut (12)

Ip
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= AStabilirolor
cc
== nod,

Generalor Ampliticalot | Amplihicater
ce oudie ' ey delectie =l selectiv
frecventa sIncrona
s
P B
Infegis-|
-~ Semnal {uminaos trotar

~=3» (nmondo eleclnca

Fig 2

In cazul unor anizotropn circulare pufin pronuntate — 6 si ¢ sint mici —

. . T = v
in conditiile experimentale op = 7 =0s1 8, =0, cca de a doua armonica

a semnalului detectorului este proporfionald cu unghiul de rotatie a planului
de vibrafie al undei luminoase

wlky

(;_A) = — QC_sz(SM) cos 20,,* (13)
PJ2oy

Dispozitivul experimental. Schema dispozitivulul experimental este redata
in figura 2 Drept modulator se foloseste o celuld Pockels comandatd de un gene-
rator de audiofrecventd, iar detectorul este un fotomultiplicator alimentat deo
sursd, care stabilizeazi componenta continud a curentulur anodic Tensiunea
continuad v, de la iesirea amplificatorului cu detecfie smcrond, este cuplata la
celula Pockels ca o reactie negativid

Principiul de miésurare. Constantele care intrd in relafia (1) in aceste
conditit experimentale au forma
wV

= , Tespectiv 8y = —— ' (14)

b
¢ Vi Vi

unde ¥, este tensiunea pentru care celula Pockels mtroduce o diferenfd de drum
/2 Tinind cont de (12) s1 (14) tensiunea de reactie negativi are forma
v = —24 U (6 + 3,) jl(v ) (15)
A2

unde A4 este amplificarea eta]elor de ampliticare, 1ar U, este tensiunea continud
la bornele rezistentei de sarcini a fotomultiplicatorului Tenstunea U, pune in
evidentd acfiunea de stabilizare a componentel continue a curentulur anodic de
citre sursa de alimentare a fotomultiplicatorului Aceasti acfiune de stabilizare
echivaleazd cu stabilizarea intensititu semnalului luminos

Inlocuind expresia (14) a Iw1 §, in (15) st lucrind in conditra

(ZﬂUao/V;\lg) A] (TC V/V;\/g) > 1 se Obtlne

T
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Astfel, semnalul v este proportional cu dicroismul 6 al prober st nu de pinde de
nict un parametru al instalatier electronice, c1 numai de tensiunea Vp, care este
o constantd de maternal a cristalulur celuler Pockels Din aceastd cauzi tensiunea
v se 1ntroduce ca semnal util la Inregistrator

Metoda mai are avantajul cd efectul rotafier parazite este neglijabil si
scmnalul ut1l nu este afectat de fluctuatiile surser de lumina

Conform relatiei (13) cea a de a doua armonicd a semnalului este propor-
fionald cu rotaf1a planulu1 de vibratie Pentru m&surarea unghiului de rotatie
¢ etajele de amplificare se acordeazd la frecventa 2wy, s1 se suprimid reacfia
negativd conectati la celula Pockels Pentru stabilizarea condifier oy = 0, intre
probd 51 analizor se introduce o celuld Faraday comandatd de semnalul jutil
printr-un amplificator de putere Astfel, printr-o micd modificare dispozitivul
expenimental este adecvat pentru mésurarea ambelor efecte ale anizotropiei cir-

culare
(Intrat in redactie la 6 martie 1981}
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UNE NOUVELLE METHODE POUR LE MESURAGE DE I’ANISOTROPIE CIRCULAIRE
(Résumé)

Dans ce travail, on présente une nouvelle méthode d’enregistrement de l'amisotropie circu-
laire En particulier, pour le mesurage du dicroisme circulaire 0 on propose l'utilisation dune réac-
tion négative par une tension continue appliquée & cellule Pockels Dans le cas d’une réaction
négative forte, la théorie montre que le signal enregistré est v = —(0/x) V3, ot Vjy, représente la
tension pour la quelle la cellule Pockels introduit une différence de chemin %/2 En conséquence,
la méthode proposée dans ce travail a l'avantage que le signal enregistré ne dépend d’aucun pa-
rametre de linstallation électromique
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LINEAR ELECTROSTATIC INSTABILITY OF WARM RELATIVISTIC
ELECTRON BEAM

J. KARACSONY

I Introduetion. The possibility of using intense relativistic electrom be-
ams to heat a plasma to thermonuclear temperatures has increased interest in
the interaction of such a beam with a cold dense plasma The! instability of a
monoenergetic relativistic electron beam interacting with an unmagnetized,
homogeneous plasma has been ivestigated quite extensively [1, 2, 3]. The linear
theory of a scattered beam has been numerically calculated by Ferch and
Sudan, in the absence of an external magnetic field [4] and analytic expresst-
ons for the linear growth rate have been obtained by Thode [5]

In most plasma heating experiments, the relativistic electron beam pro-
pagates parallel to an external magnetic field. The linear interaction of a mono-
energetic relativistic electron beam with a magnetized plasma has been invest1-
gated by Godfrey et al [6] It has been shown that electromagnetic effects
are important for determining the entire unstable spectrum. However, 1n the
regime 0 < w, < w, where o, and w, are the electron cyclotron and plasma fre-
quencies, the maximum growth rates and corresponding frequencies are in agree-
ment with those determined analytically using the electrostatic approximation

The monoenergetic or scattered beam model 1s only valid for investiga-
gating the initial mteraction with the plasma After the initial interaction, the
beam 1s spread both in angle and energy Thus, the warm beam distribution is
that which corresponds to the second stage of interaction The linear theory of
a warm relativistic electron beam-magnetized plasma system does not appear to
have been worked out -

T1ll now, plasma heating expertments have been carried out primarily in the
moderate magnetic field regime (w, < w,) In this regime the analytical predictions
of clectrostatic approximations are in agreement with the numerical solutions of
the complete electromagnetic dispersion relation [6] Motivated by this, the pur-
pose of the present paper 1s to mvestigate the interaction of a warm relativistic
electron beam with a cold, dense magnetized plasma using the electrostatic appro-
ximation. Sumilar situation, but in the nonrelativistic regime, has been considered
m [2] and [7]

II Dispersion relation. Unlike the other papers conserned with the study
of electron beam-plasma interaction and which neglect the self-magnetic field
of the beam, m our paper, to avoid any contradiction with Maxwell’s equations,
arising from the omission of this self-magnetic field, we will assume that 1n the
plasma there 1s a homogeneous return current It 1s well-known that an intense
relativistic electron beam can propagate in the presence of a dense plasma by
inducing a plasma return current which is approximately cqual and opposite to
the beam current [8—11] In this way the self-magnetic field of the system 1s
nearly zero, but on the other hand 1n the unperturbed state the plasma electrons
are no longer at rest, so the plasma contains a current flow
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We will consider a relativistic electron beam with number density #4 and
we will assume that the average velocity of beam electrons v, 1s parallel to the

external magnetic field B, ortented along the posttive Oz axis The plasma elec-
trons producing the return current have a mean velocity

;1 = — (tp0/7,) -7_;0 (1)

where #, denotes the plasma electron density satisfying the condition #, > #y
Expession (1) for the plasma electron mean velocity follows from the cu-
rentl neutralization condition

Tvo + ]po = O (2)
where 9, = — eny,v, and Jpo = — emyv, denote the unperturbed beam current

density and plasma current density, respectively
Considering small perturbations of the system from a steady state and for

the situations in which all perturbations from uniformity vary as exp [1(/_37 — )],
the general dispersion equation for longitudinal waves can be written as [2, 7]

£y, 52 0 - 45082 0 4 2¢;,co8 6stn 6 =0 (13}

where ¢,(1, 7 = 1, 3) are the dielectric tensor components of the system and 6 rep-
resents the angle betwen the wave vector % and the direction of the external mag-
netic field B,. (One assumes that the wave vector % lies m the XOZ plane)

The dielectric tensor can be expressed by means of the conductivity tensor
o in the following way [2]

4
gy = 8y + :m Gy (4)

The conductivity tensor zomponents (more exactly 4miws) for a relativistie
electron beam-magnetized plasma system have been calculated in [12]. Neglec-
ting the electron-ion collisions and using the relation (4) we can write

1+ 1 m}lmiyg i 2 [l n .Y, Z(s,) Ej‘YgY(S) %
€y = T T = I — =
o w? A2 ui n e Ry ) " u?] "
B R W f (0 + Fwy)? 3
Xexp(——x l)I,.(’l)— p o he } (5)

i) " i) orha)—ol

2 ] 2 =2 .2
ey = L {“’f_ﬁ‘i 5 {’fﬂl";—* Z(s,) + Yﬁ(l — “ff") Y(s,,)) +

w? | Rk ul @ i Ch

1n=—c
————1_"2" Yo Y . k; ;j. I k; 1_‘1 m;kxvl(m + k) 6
+ ut (Sn)] exp ( o 3) dpre ) + PR (6)

O 7
€g = 1 + —d E === Z(S,,) + Yg 1 — - SI(S”) +
‘*‘k:"i n=—a i “i

=3 3 —_— Py a2 2 a2 3
TR Y(s,,)] ] l”ﬁ (_Y Y(s,) + 12 (1 SAL X(s”)) 4 A X(s")]} v
“ Yo @ \ @ “| &
) LT SR T oy [ 2 kE of ~
op — =E 7 (FREL) % o =
8 “P( m:ﬁ) ”(mzyz) ot |t ror (@ +k,vo=—m‘z’.] )
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where v, = (1 —vg/c®)12 and (”IZ:L = 4dntny, 2y, /m (the perpendicular beam electron

plasma frequency) The perpendicular and parallel mean square velocity diffe-
rences from the average velocity ﬁi and EI'T’ have been defined by the following

relations

T, ~ 2 ®)
Yo

Ty="=4 (9)
Yo

where T'| and T are the perpendicular and pirallel beam temperatures, respec-
tively

In expressions (3) — (7) we used the plasma dispersion functions [1]

3 < dt exp (— 2/2)

Z(s,) = (2m)-ve | e (Z#2)
(5 = (2w | S (10)
Y(s,) = (2m) 12 S Edtoap (- F2) (11)

. t—s,,—ﬂ:
X(s,) = (2r)-112 s ?atecp (—132) C12)

. ¢ — s, — 1€

with

s, = m—kx';o;I”cho (13)

and the Bessel functions of the first kind ot 1maginary argument I,
Taking into account that

Y(s,) = s,Y(s,) (14)
and
1’(5") = 1 + S”Z(s”) ! (15)

after the algebric calculations we obtain the clectrostatic dispersion relation
under the form

2 2 2 2
=1 w}, cos? B @}, sin® 0 ooy O i lﬂ-sn_}_
(0 + kvt (@ 4 kv — w2 2 :ﬁﬁ k’ﬁ‘l i 1 T ‘
k2 12 R Th
nocY T ¥y )
4 reen [1 —_]] Z(s,) I,|[ =t ) exp [~ =) =0 (16)
ke Ty ol v} '

where wfy = wf, yi 1s the parallel beam electron plasma frequency
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I1I. Excitation of longitudinal waves. With the purpose to investigate
the dispersion equation (16), we will follow the procedure used in [2] and [7]
According to this the excited wave frequencies can be calculated from the equa-
tion

—

Re (0, k) =0 (17)
and the corresponding growth rates from the relation

Im ey (mk,;)

0 Reey (0, l;)'/ao)k

Imw = —

(18)

where &, = Rem(l?)
For small kﬁﬁi/mfy§<l (long waveslength limit), the only termsto be retai-
ned in the sum over n 1n the dispersion equation (16) are the Cherenkov (# = 0)

and the first cyclotron resonances (# = 4 1, normal and anomalous Doppler
effect). Then equation (16} becomes

o} cos? § ©} sin? 6 o} ol [T k2l
1 — » _ ? gl ¢ 7 ¥ L
(@4 Ro)? (@ + Aot — ol + R T e S Z(s) + 2022 x
T Yo /o .
X [F (52l + soa Zls)) + 20 (205) — z(s_l))]] =0 (19

Taking mto account that in Ree, the contrtbution of the beam terms
are of order vy, #y/, and y3n,e/n,, we will neglect these terms and consequently
the relation (17} gives

oy = “/?E(w; + cof)”z[l j:\/l _ MJ — ko, (20)

(@} T wlF

The smaginary part of ¢, results from the imaginary part of Z(s,) Writing
this function under the form [1]

S

Z(s,) = — exp (— $2/2) S &L — (g)”ﬁ 21)

and taking into account that, for the case when the Cherenkov resonance condi-
tion 1s fulfilled, © = kv, ImZ(s,) and ImZ(s_,) are small compared with ImZ(s,),
we obtam for /mew the following expression

Ime = — /= 0 o exp (— i’) (22)
9 k2 ;Izl (OReegldm)o o 2

Remembering that s, = (w — &v,)/k,#%), the instability (Imw > 0) appears
when o < k9, The maximum growth rate 1s given by the expression

w? 2 8
(IM©) ey ~ \/E L (v_o\'z____ﬁ(i__ (23)

%e ne ¥yl (@BReeyfd0), ..



49 . J KARACSONY

When the cyclotron resonance condition w ® %,9, — w,y, (anomalous Dop-
pler effect) 1s fullfilled, ImZ(s,) and ImZ(s,) are small compared with ImZ( 1)
and we obtain for Imew the expression -

o} tg6smo 2, 1
Imeo = A tgbsmb _ _1) R S
e V 2 2w, E P ( 2 (0 Re Eo/am)m='mi (24)

The rcsonance oy = k9, + 0.y, is stable for a warm beam.
For arbitrary E;#;/w:Ys we must use the dispersion equation (16). Using

(18) and (21) we obtain
R S
I"(m’ﬂ;) o (f o} )

b ) ;
I”M‘) . fl 2 (ﬂ_s + oT Yu) exp ( 5_”) =
— — (8 Re ¢, (o, k) [0w),, —ot

k2 “ﬁ_ ne=— T " Ry u 2

(25)

The only term to be retained in the sum over n in (25) 1s that for which
s, ® 0 Then we obtain an instability when #» =0 and o < kv, (Cherenkov
resonance), and when # = ——1, —2, —3 ... (cyclotron resonance under the con-
dition of anomalous Doppler effect )

IV Conelusion. The unstable solutions of the linear electrostatic disper-
ston relation for a warm relativistic electron beam propagating through an infi-
mite cold magnetized plasma have been obtained We were concerned with the
effect of the beam temperatures on high fréquency electrostatic oscillations of a
relativistic electron beam-magnetized plasma system We find that the Parallel
beam temperature retards the growth of the waves which can be excited by Che-
renkov resonance and by cyclotron resonance, under the condition of anoma-
lous Doppler effect The obtained expressions show that the cyclotron growth
rate decreases more slowly that the Cherenkov growth rate, when the parallel
beam temperature is increased. This result is similar with that obtained in the
nonrela tivistic regime in [7].

(Recerved March 3, 1981)
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INSTABILITATEA ELECTROSTATICA LINEARA A UNUI FASCICUL RELATIVIST
CALD DE ELECTRONI

(Rezumat)

Se studiazd efectul temperaturu fasciculului asupra modurilor electrostatice instabile intr-un
sistem de fascicul relativist de electromi-plasmi imagnetizati Se giseste cd temperatura fascicu-
lulma are un efect de stabilizare Aceasta influenteazi insd mai putin instabilitatea ciclotromici
excrtatd in condifnle efectulus Doppler anomal decit instabilitatea Cherenkov
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MODULAREA MICROUNDELOR PRIN EFECT FARADAY FOLOSIND
FERITA DE N1—Zn IN GHID DREPTUNGHIULAR

A. BODI, D. IANCU, V. MILITARU

In micrcunde, ghidurt de unde complet sau parfial umplute cu un material
giromagnetic, magnetizat longttudinal, sint des utilizate ca defazori sau rotitori
Faraday reciproci, sau nereciproci [1] [2] Fertele de Ni—Zn sint largstudiate
s1 utilizate In acest domemu [3] [6]

In contmuare se va arita posibilitatea teoreticd s1 venficarea experimentald
de utilizare a defazorului Reggia-Spencer [4] avind o feritd de Ni—Zn policris-
talin, ca st modulator de amplitudine pentru unde centimetrice Funcfionarea mo-
dulatorului se bazeazi pe efect Faraday

Bazele teorctice. Dispozitivul Reggia-Spencer confine o bard de feritd asc-
zati coaxial in centrul unu ghid de undi cu secfiunea dreptunghiulard, unde ae-
f1oneazi longitudmal un cimp magnetic static (H) (hg 1)

Daci presupunem ci sectiunea barei este micd, prezenta sa nu va modifica
stmftor modul de propagare a clmpului electromagnetic in ghid. In acest caz,
prmn aplicarea metodet micitlor perturbati, se poate calcula expresia generald a
constanter de propagare [5]

Jw f (Eoggggkgo + U-ogco‘ng?'o)dAl
i
Y =B = — (1)
2 [ Re(8y x %o)kdd
A

unde : %, S1 ¥, slut tensorn susceptibilitdtii externe electrice, respectiv magnetice,
referitoare la feritd, B, este constanta de faza a ghidulur gol, w este pulsafia cim-
pulut electromagnetic, 4 s1 A’ sint suprafetele sectiuni1 transversale ale ghiduluy,
respectiv a barel de feritd, e, este permitivitatea, 1ar u, este permeabilitatea

vidulus, y este constanta de propagare, £ vectorul unitate

Pornind de la formula (1) se poate calcula defazajul creat pe o unitate de lun-
gime g1 de aici unghiul de rotire Faraday

In urmitoarele, vom executa calculele mirgmindu-ne la modul de propagare
¢ asi-TEy,, care este modul de bazd in ghidunt dreptunghiulare Acest mod poate
f1 conceput ca §i rezultanta a doud unde circular polarizate, in sensuri opuse de
rotatie Intensitdtile componentelor magnetice st electrice ale
cimpurilor electromagnetice circular polarizate sint perpen-
diculare pe axa longitudinald a ghidului (a baret de feritd),
respectiv pe directia cimpulut static H Din acest motiv in
loc de susceptibilitdti tensoriale pot fi folosite susceptibili-
tati scalare: ., Y4 In aceste condifii, presupunind ci
cimpurile vor avea o amplitudine constantd in volumul ba-
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rei de feritd, expresia (1) primeste o formi mai simpld
Jm[soxeM &y \z + P'Uxik‘ %03\2]‘4,

2 [ Re(8F x %o)kdd (2)
A

(Y — 7B0) = =

aic1 &, st ¥,, sint componentele transversale ale cimpurilor, 1ar indicele + se
teferd la cele doud unde polarizate circular si in sensuri opuse Cunoscind pentru
modul TE,, componentele transversale

& b
oBo sm — %
Oty a

™
Sor = Hpy =0, t‘éoy:&osm;x, oz =

dmn expresia (2) se obfme diferenfa de iazi intre cele doud semiunde circular po-
larizate

ohd’
oS4

po — By =

I~ - . ~ a
Dimn accastd iormuld obfmem unghiul de rotajie Faraday, care pentru x = S are

|90 1 (s — 248)

urmatoarea cxpresie

— A’ %
0= b Proyg L 2
2 Po (x4 22 — % @)
In locul Iu1 y4x am mtrodus expresia susceptibilititilor interne
2y + %)
Yop =
S ta

Dacd ne miargmum in urmitoarele la cazul fard pierderi, ceea ce aproximeazd bine
$1 cazul cu pierder: in atara vecmndtdiu rezomanfer giromagnetice, putem tolosi
urmatoarcle substitutu in expresia (3)

P . SR
3 ep°] s Wl — ot 0l — o?

unde w,=vH, tar wy=vyM,
Aict v este raportul giromag-
netic, M, este magnetizarea
de saturatie

Am reprezentat un-
ghiul 0, calculat cu ajuto-
rul formuler (3), in functie
de > pe fig 2 Pierderile

®o

ce apar in feritele reale au
tost luate in constderare em-
piric, corectind curba teore-
ticd a Imr 0 in jurul rezo-
natelr giromagnetice, con-
form pierderilor constatate
experimental in ferita uti-
lizaty de no1.
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Pentru cazul o ~ w, unghiul de rotatie Faraday primeste o expresie $i mai
simpla . -~
A’ @ \
0 ~ 48, 7 ey (4)
Formula (4) ne aratd ci in aceste condifir 6 depinde limiar de frecvents, respectiv
de cimpul magnetic

In ghiduri cu sectiune dreptunghiulari, modificarea unghiului 6 este insotiti de
o modificare a puterii modului principal transmis Vom analiza acest caz pentru
unghiuri 0 propuse relativ mici Fird o rotire a unghiului de polarizare, vectorul
intensitdtii cimpuluui electric §, este perpendicular pe latura mai mare (a)a ghi-
dulu1 (fig 3)

La o rotire a planulw de polarizare cu un unghi 6 componenta electrici a cim-
pului care rdmine perpendiculard pe latura ,,a”’ va fi de cos 0 ori mai slabi:
Ego = Egcos 6 Dar Eg, va sufert si o altd modificare, datont} faptului ci ,,b”,
lungimea inifiald a linulor de fortd a cimpului electric, va fi inlocuiti cu o noud
lungime by a lmidor

U U
= —=—cos 0 =8cos 0
by b

Aict U este tensiunea Intre latur, constderatd constantd Prin suprapunerea celor
doud efecte, cimpul rezultant va fi dat de expresia

8y = Bycos%0 (5%

Dect rotirea planului de polarizare modificd intensitatea undei transmise, aga dar,,
acest efect poate f1 folosit pentru modularea uner unde purtitoare in banda mic-~
roundelor '
Vanatia relativd a undei transmise, in urma rotafter planului de polarizare,
va f1 datd de expresia
A

— =1 — cos20
8 :

Dispozitival experimental. Pentru verificarea practicd a teoriei expuse am.
construit un modulator (fig 4).

Modulatorul experimental are ca structurd de bazi un ghid de unda drept-
unghiular (4) cu dimensiunt standard pentru banda X Pe bara de feritd (2) care
este fixatd in interiorul ghidului cu ajutorul unui suport de teflon (1), este mon-

. -9
@ N/ *9mme> \S
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N .

tatd bobina modulatoare (L = 100 pH) cu 30 spire (3) Cimpul magnetic static
H cste creat de un magnet permanent (5). Valoarea lui H poate fi modificatd
prin deplasarea magnetului permanent. Bara de feritd utilizatd a fost preparatd
din urmétorii oxizi: 50% Fe,O4 19% NiO si 31% ZnO. Dupid amestecarea lor
apoasd $i uscarea amestecului timp de 24 ore la temperatura de 150°C, materia-
Iul a fost mojarat §i presinterizat timp de 12 ore la o temperaturd de 300°C Dupi
addugarea unui liant organic i presare (1 550 kgF/cm?), s-a trecut la sinteri-
zarea probelor In atmosferd de aer. Probele au-fost incélzite cu o vitezi de 300°C
pe ord pind-la 1 150°C si mentinute la aceastd temperatura timp de 3 ore Récirea
s-a facut In trei etape: intfi cu o vitezi de 90°C pe ord pina la 900°C, apoi cu
o vitezd de 100°C pe ord pini la 600°C si de aici, in etapa a treia, ricirea liberd
pind la temperatura camerei Produsul final cu compozitia Fe 34,59%, Ni 159,
Zn * 259, este policristalin cu o structurid cubicd avind o constanti de refea 8,737
A. Magnetizarea de saturatie variazi intre 3000 si 4 000 de Gs.

Rezultatele experimentale si eoneluzii. Misuritorile de verificare a efectului
de modulare a microundelor au fost executate cu o linie de misurd obisnuita.
In timpul misuritorilor frecventa microundei a fost menfinuti constanti (f =~
~ 9200 MHz) si s-a reglat continuu intensitatea cimpului magnetic static.

Fig 5 aratad dependenfa functier cos? 0 (0 este unghiul de rotire Faraday) de
intensitatea cimpului magnetic reprezentat in unititi relative de frecventi, calculatd
pe baza formulelor (3) s1 (5) Tot pe aceastd figurd a fost reprezentati puterea
transmisd prin ghid (P,), misurati experimental In condifiile aproximatiilor ac-
ceptate si a neglijirii unor efecte, aliura foarte aseminitoare a celor doud curbe
confirmi justefea teoriei prezentate. Curba variatiei puterii transmise (P,,) in func-
fie de cimpul magnetic static arati ci se giisesc dou# portiuni, una sub si una peste

valoarea = = 2, relativ liniare $1 ¢a baﬁte abrupte, care pot fi utilizate in ve-

Wo
derea modularit semnalulur de microunde Din cele douid zome,” cea inferioari
cu un cimp central de aprox. 800 Gs a fost aleasi ca locul punctului de functio-
nare a modulatorului.
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Fig. 5.
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Alegerea zone1 inferioare este justificatd prin posibilitatea generirii cimpului
magnetic longitudinal, necesar stabilizirn punctului de functionare in mijlocul
zonel alese, cu ajutorul unui magnet permanent

Dmtre efectele neglijate n1 se par mai importante cele care apar din cauza
dimensiunn, former 51 porozitdfi feriter utilizate

Dm fig 6 reese cd modulatorul are o caracteristicid de transfer hnturi,
independent de nivelul puterit de microunde Nelimaritatea caracteristicit de frec-
venid a dispozitivului intre frecventele 20 s1 20 000 Hz ridmine sub 3dB (fig 7).
Nelmiaritatea se datoreazd mai ales partilor din care se compune circuitul st nu
feriter Rezultatele reprezentate pe figurile 6 s1 7 demonstreazi ci dispozitivul
cu ferrta de Ni—Zn (fig 4) lucreazid bme ca modulator de amplitudine in banda
microundelor, cu semnale audio de modulare Proprietifile feriter de Ni—Zn, pre-
parate de noi, permit crearea cimpulur magnetic static necesar polarizirii cu aju-
torul unut magnet permanent, ce reprezintid o solufie economicoasi

(Intrat fu redactie la 18 martie 1881)
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MODULATION OF MICROWAVES BY FARADAY EFFECT USING Ni-Zn FERRITE
IN RECTANGULAR WAVEGUIDE

(Summary)

The paper presents the theoretical possibility to obtain with a reciprocal phase-shifter using
longitudmmal magnetized ferrite mm a rectangular waveguide an amplitude modulation effect for
mcrowaves

The accuracy of the hypothesis 1s experimentally demonstrated by a modulator device
constructed with a polycmstalline Ni-Zn ferrite ber.

4 — Physica — 21981 tTy
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RMN PE VITROCERAMICI LITIU-BORICE CU IONI PARAMAGNETICI

S. SIMON, V. SIMON, AL. NICULA

I Introdueere. Studile noastre antefioare de rezonanti magnetici nucleard

pe sticle borice au ardtat ci ionii paramagnetict influenteazd in mod diferit or-
dinea locald existentd in aceste matnci vitroase [1 — 4] RPE pe 1onu paramag-
neticr existenti In matricile respective a permis, de asemenea, obfinerea de date
suplimentare in legdturd cu unele proprietdt: structurale ale acestor sticle ce au
contribuit la formarea unor imagini de ansamblu asupra modului in care dife-
rifi factort ca compozitia matricilor, temperatura de preparare a probelor, con-
cenfrafia de 10oni paramagnetici etc, influenfeazi ordinea locald din sticlele borice
studiate, D ; -
Printre metodele utilizate pentru cresterea gradului de corelare dintre forma
st parametrii spectrelor RPE, si RMN, st ordmea locald caracteristicd diferitelor
sisteme vitfoase cea ma1 frecvent utilizati a fost aceea a compardrii spectrelor
RPE 51 RMN obfiute pe probe de aceeast compozifie existente in fazd vitroasi
st cristalini [5 — 6] Se avea in vedere faptul cid problemele rezonantei magnetice
pe substante policristaline sint bine clarificate [7 — 8] astfel incit puteau constitui
un punct de referin{i pentru rezonanta magnetici pe substante amorfe. S-a reusit
pe aceastd cale si sc imbogiteascd considerabil acuratefea informafiilor structu-
rale ce se pot obtine prin studii de rezonantd magnetici pe materiale sticloase.
Aceste studii comparative sint insi mult himitate de domeniul relativ restrins
al compozifiel materialelor ce pot i1 obtinute sub forméd policristalmi in raport
cu domeniul extrem de larg al compozitier materialelor ce pot fi obfmute sub
formd vitrosi

O altid metodi prin care se pot lmbogifi informatille structurale despre or-
dinea locald din sisteme vitroase, ce se pot obfine din analiza spectrelor de re-
zonanti magnetici, este urmirirea modulut in care aceste spectre ist modifici forma
s1 parametrii in cursul procesului de cristalizare parfiald a sticlelor Dacd acest
proces a fost mai frecvent urmirit prin RPE pe diferif1 ioni paramagnetici conti-
nuti in aceste materiale, nu s-a incercat o corelare-a rezultatelor objinute prin
RPE cu cele ce se pot desprinde din urmértrea modului in care spectrele RMN se
modificd In cursul acestwn proces de cristalizare.

II. Rezultate experimentale. Pentru realizarea dezideratului enunfat mai
sus, am urmirit modul in care se reflecti in forma si parametrn spectrelor RMN
a B! cresterca ponderii fazei cristaline in sticlele litiu borice cu diferifi ioni para-
magnetici Pentru favorizarea cristalizini am inirodus in aceste matrici vitroase
T10, st SrO. Am preparat matrici vitroase de urmétoarea compozifie 46,79, (mol)
B,0;, 23,39, (mol) 11,0, 15% (mol) TiO, s1 15% (mol) SrO in care am introdus
1%, (mol) din urmitonii oxizi- Fe,0, CuO, MnO,, V,0; Cr,0; Gd;0, §1 Eu,0,.
Probele au fost preparate la 1200°C prin metoda prezentata in alte lucrdr [1 — 4].
S-au obtinut probe vitroase a ciror culoare era diferitd, in functie de natura ionilor
paramagnetict. Pentru cristalizarea partiali a acestor probe ele au fost tratate

la temperatura de 550°C.
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F1g 1. Efectul crestern pondern fazer cristaline asupra fracfiunu atomior de bor tetracoordinafi:

a) pentru probele (0) LB—TS;;, (®) LB—TS;;—Fe,, (A) LB~TS,;;—Cu;, (&) LB—TS;;—Mn,.
b) pentru probele (0) LB—TS8;;—V,, (@) LB—T8;,—Cr;, (A) LB—TS8;;—Gd; st (&) LB—
—T8;;—Eu,

Conform procedeulut prezentat in lucrinle anterioare [1 — 4] din spectrele
RMN ale B! am determunat ponderea unitdfilor [BO,] in probele vitroase pre-
parate, wrminnd in acelagt timp modul In care aceastd pondere se modificd in
functie de durata tratamentului termic si dect implicit in funcfie de gradul de cris-
talizare a acestor probe Rezultatele obfinute sint prezentate in figura 1.

I11. Diseutii si coneluzii. Este cunoscut cd in sticle litiu-borice, fird alf1 oxizi
constitwienti, ponderea atomilor de bor tetracoordinati este maxima atunci cind ra-
portul dintre concentratia molard de oxid alcalin s1 cea de acid boric are valoarea 0,5.
In aceastd situatte ponderea unitdtdor [BO,] estede =~ 45 9, Aceastd constatare
este valabili pentru probele preparate la 1000°C Studiile noastre anterioare [9]
au arétat cd odatid cu cresterea temperaturii de preparare peste 1000°C are loc
o diminuare considerabild a numérulm de atomi de bor tetracoordinati Este
evident cd acest efect al crestern temperaturnt de preparare se va mantfesta st in
cazul probelor mnoastre, probe ce au fost preparate la 1200°C In consecinfi,
diminuarea pondernt unitatlor [BO,] in probele de tip LB-TS,; nu poate fi pusi
pe seama adaugdrnn oxizilor de titan $1 stronfiu care, asa cum s-a constatat in
studn anterioare, favorizeazi tetracoordinarea borulm

Asa cum am constatat si in cazul sticlelor sodo-borice [1—4, 9], 51 in cazul
sticler litiu-borice cu Ti10, s1 SrO, efectul ionmilor paramagnetict asupra ordimi
locale din sticle este functie de natura ionilor paramagnetici Astfel, doar oxidul
de crom favorizeazi In mod evident tetracoordinarea borului. Ceilalt1 oxizi, cu ex-
ceptia V,0;, determiné o diminuare a ponderii unitdfilor {BO,], cel mai pronuntat
efect din acest punct de vedere avindu-l Fe,O,
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Urménnd modul in care cresterea ponderii fazet cristaline influenteazi coor-
dinarea borului, se observid ci in primul interval al duratei de tratameut are loc
o crestere a ponderi1 umtitilor [BO,], proces care insd, cu exceptia probelor de tip
LB-TB;;-Mn,, nu- evolueazd in acelasi sens pe intreg intervalul de durati a tra-
tamentulul termic - Se constatd astfel cd pentru probele tratate timp de 20h
a scidzut ponderea atomilor de bor tetracoordinati. Si in acest caz, natura iomi-
lor paramagnetici is1 pune amprenta asupra amplitudinii efectulur pe care crista-
lizarea -parfiald a sticlelor il are asupra coordinirii borului. Cel mai pronuntat
efect il observim la probele cu oxid de fier, in cazul cirora pentru un tratament
de 12 h 1a 550°C ponderea unitatilor [BO,] atinge valoarea maximéi, obfinutd pen-
tru sticlele de tip Iitiu-borice, preparate la 1000°C In cazul probelor cu CuO si
V05 dectul caistalizdrii cste sumilar cu cel pentru probele martor, in timp ce in
probele cu MnO, pe masuri ce creste ponderea fazei cristaline creste si numirul
atomilor de bor tetracoordinati. :

Un caz deosebit il constrtuie probele cu Gd,O, si Fu,0O, Diferenfele dintre
valoarea si modul in care se modifici fracfiunea atomilor de bor tetracoordinafi
sint nesemnificative Efectul tratamentului termic este relatic scizut, valoarea
maximd a ponderii unitdtilor [BO,] este sub valorile maxime obtinute pentru
toate celelalte probe )

Cele prezentate ne permmt s afirmim ci prin tratamentul termic aplicat
creste ponderea fazer cristaline in probele studiate Acest fapt, cu excepiia probe-
lor cu MnO,, determind doar pind la un anumit loc o crestere a tractiunii atomi-
lor de bor tetracoordinati Daci durata tratamentului termic depidseste anumite
valori, caracteristice pentru fiecare prob, are loc o diminuare a fractiunii atomi-
lor de bor tetracoordinati Este de presupus ci in prima parte a procesului de
cristalizare apar si borajn ca monocristalifi in matricea vitroasd. Dacd insd durata
tratamentulu1 termic creste, predomind cristalizarea determinatd de ceilalti
germent de cristalizare care duc la apantia unor deformir in matrice, 1nclusiv
la nivelul microcristalelor de boraf1 si d=ci implicit la deformarea unititilor [BO,].

Datortd faptului ci 1omii Fed+ determini o tensionarc considerabild a uni-
tatidor structurale cdrora le apartin 1onu de oxigen ce i1 coordineazi, are loc o
diminuare a pondernn umtifilor [BO,] Dispust in asemena pozifii puternic
tensionate, caracterizate de cimpuri cristaline intense, e1 vor prezenta acel semnal
RPE caractersstic de la g,; ~ 4,3 In prima parte a tratamentului termic se
climind aceste zone tensionate, fapt care determini o crestere suplimentari a
pondeni umtidfilor [BO,] ce se suprapune peste cea deterrminati de dezvoltarea

microcr 1staliilor de tipul boratilor '

Efectul ma slab constatat in cazul probelor cu Gd,0, st Eu,0; confirmi inci
o dat#, in plus, faptul ci acesti oxizi stabilizeazi matricea in fazd vitroasi Cris-
talizarea in aceste probe se realizeazi, in primul rind, in jurul germemlor de titan,
ionn de galoliniu si europiu dispusi cu preponderenti in zonele bogate in oxizi
alcalini 1 oxid boric diminueazi tendinta de cristalizare a borafilor din aceste
zone.

Rezultatele preliminare ale studiilor de RPE pe ionu paramagnetici exis-
tenti’ n aceste matrici sustin concluzille prezentului studia

(Intrat in redactie la 19 martie 1981
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NMR ON LITHIUM-BORATE VITROCERAMICS WITH PARAMA GNETIC IONS

(Summary)

By means of B NMR on lithium-borate glasess with T10,, SrO and CuO, Fe,0;, V,04,

MnO,, Cr,0;, Gdy0; and Eu,O, the manner in which the partial crystallization of these vitreous
matrices modifies the tetracoordinated boron atoms fraction was studied for the first tume The
experimental results demonstrate that there are optimal times of heat-treatment for which the
[BO,] unmits share is maximum but these values depend on the paramagnetic ions introduced
1 the matrices
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RPE PE STICLE LITIU—BORICE CU IONI PARAMAGNETICI

S. SIMON, AL. NICULA

1. Introducere. Printre metodele de investigare a ordinii locale din sisteme
vitroase, RPE a iomilor paramagnetici existenti In aceste sisteme ca impurititi
sau introdust in mod intentionat, s-a tmpus ca o metodd extrem de sensibili la
parametrii care determind ordinea locald dimn sistemele vitroase [1]. Utilizarea
cu succes a RPE la studiul ordinii locale in sisteme vitroase a fost posibild dato-
ritd rezolvari problemelor ridicate de interpretarea spectrelor RPE pe monocris-
tale si substante policristaline [2—4] Printre parametrii care influenteazi in
mod deosebit aceastd ordine §1 care este de asteptat sa influenteze si forma spec-
trelor RPE amuntim compozifia matricilor [5], temperatura de preparare [6],
viteza de rdcire a topiturilor [7], timpul de menfinere a probelor la temperatura
de preparare [8] etc Pentru a putea stabili sensibilitatea spectrelor RPE la modi-
ficarile structurale ale sticlelor impuse de diferit1 factori, ne-am propus si urmi-
rim modul in care forma spectrelor RPE a iomlor paramagnetic1 este influenfati
de cristalizarea partiald a sticlelor Pentru aceasta este necesari caracterizarea
cit ma1 rniguroasd a spectrelor RPE ale unor 1on1 paramagnetict ce sint introdusi
in sticle litiu-borice cu oxiz1 de titan, bariu, plumb s1 stronfiu  Acesti oxiz1 au {ost
adaugatfl pentru ca e1 sd constiture sau sd intre in compozitia vutorilor germeni
de cristalizare a sticlelor supuse tratamentulur termic.

Sint cunoscute In literaturd numeroase studu care abordeazd RPE a iontlor
din grupa 3d confmnufs in diferite matrict vitroase [9—10] Studule mai recente
de rezonantd magneticd pe sticle au impus ca metodd de interpretare a formet
spectrelor RPE considerarea distributier microvecinidtdtilor ionilor paramagne-
tici, In jurul celor caracteristice pentru sistemele policristaline de compozitie
similard cu cea a sticlelor Prin aceasta s-a reusit si se explice similaritatea deose-
bi1td ce se constatd cd existd intre forma spectrelor RPE ale ronilor paramagne-
tic1 din sisteme vitroase diferite [11—12] Pentru aprecierea sensibilitdtii metode-
lor de rezonantd magneticd in ceea ce priveste estimarea ordinn locale din sisteme
vitroase este necesard stabilirea umnei corelatin mai mnguroase intre detalule de
structurd sesizate in spectrele de rezonantda s1 modificdrile microvecindtitilor
ionilor paramagnetici sau ale atomilor ce contin nuclee investigabile prin rezo-
nantd magneticd nucleard Pe lingd cea mai frecventd metodd utilizatd pentru sta-
bilirea acestor corelatil, aceea a compariru spectrelor RPE obtinute pe materiale
de aceeast compozitre dar sub formd policristalind s1 amorfi, o alti modalitate
pe care ne-am propus sd o utilizdm este s1 urmérirea modulut in care se modificd
spectrele de rezonantd in cursul procesului de cristalizare controlati a sistemelor
vitroase

In continuare vom prezenta rezultatele obfinute dmn studml RPE a unor
sticle cu i1oni paramagnetict din grupa 3d Rezultatele obtinute din spectrele
RPE ale Gd*+ din sticle similare a constituit subiectul altor lucrdri [14]

2 Rezultate experimentale. S-au preparat probe vitroase prin topirea a-
mestecurtlor de acid boric, carbonat dc litiu, bioxid de titan, azotat de bariu,
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azotat de strontiu st acetat de plumb, corespunzitoare compozifiilor mentionate
in tabelul 1, la temperaturi cuprinse intre-1-200—1 300°C, in creuzete ceramice
superaluminoase Topiturile au fost mentinute la temperaturile respective timp de
30 de minute, dupd care au fost turnate pe placi de ofel inox la temperatura
camerei. Pistrindu-se proporfia dintre constituientii mentionafi in tabelul 1,

Tabel 1
Compozitin sticlelor studiate

Simbolul % (mol) % (mbol) % (mol) % (mol) ' % (mol) % (mol)
probel B,0, 11,0 T10, StO PbO BaO
LB 66,7 33,3 — — — —
IB—TS,, 46,7 , +23,3 15 15 — —
ILB—TP,, | - 46,7 23,3 15 - — .15 -
LB—TB,, 46,7 , 23,3 15 - - 15
LB—-"TB,, 26,7 13,3. 30 . .- - 30
TBjso — . - 50 - — 50

pentru obfinerea probelor cu ionmi paramagnetici s-a mai adidugat 19 (mol)
CuO, Fe,0;, MnO, respectiv V,0; Culoarea probelor a fost funcfie de compozifia
matrictlor si de natura sontlor paramagnetici Sublimem faptul ci in cazul probe-
lor de tip LB—TB am reusit sd obfinem probe vitroase doar din TiO, si BaNO,
in care am introdus 1% CuO, MnO, si V,0; Ca si in celelalte probe martor fird
1ont paramagnetici i in cazul probelor de tip TB s-a inregistrat un spectru RPE
specific ionilor Fe3* in sticle, fapt care atestd existenja acestor ioni ca impuritati
in probele studiate Intensitatea acestui semnal este functie de compozifia probe-
lor Spectrele RES au fost inregistrate cu ajutorul une:r instalatit de tip JEOIL
la temperatura camerei, in banda X Parametrii (tabelele 2—4) si spectrele

Tabel 2
Parametrii spectrelor RPE ale probelor eu V,0; si CuO

Simbolul probei 2 g1 A, x104cm™? A; x10%cm™?
LB—TS;;—V; 1,940 1,983 170 60
LB—TP,;—V, 1,937 1,982 180 63
LB—TBy;—V, 1,940 1,983 173 61
LB—TS,;—Cu, . 2,827 2,078 ' 147 23 --
ILB—-TP,,—Cu, 2,345 2,075 144 . 28
LB—TB,;—Cu, 2,320 2,073 153 22

Tabel 3

Parametrii spectrelor RPE ale probelor cu MnO,

A em~? AH, Asimetnia

Sunbolul probei | ger | e, | Bef, | 8or, | TTa | TofL | "L Ty00 | TG /1
LB—TS;;—Mn, 62 | 43 | 33 | 20015 |03 86,5 510 | 0,66
IB— TPy, —Mn, 61 | 43 | 33 | 202|0,144] 0289 | 934 612 | 04

LB—TB,,—Mn, 62 | 43 | 383 | 201|015 {035 86 476 0,54
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Tabel 4
Parametrii speetrelor RPE ale probelor cu Cr,0, si Fe,0,

Smmbolul probet et Les, 8er, Zet, I,/1, L/I, I,/1, A(g 2 A(g 3
LB—TS—TFe, 6,1 4,3 2 - 2 44 — 65 —
LB-—TP—Fe, — 4,2 2 — — 18 — — 53
LB—TB—TFe, 6,2 4,3 2 — 4 66 — 105 —
LB—T8—Cr, 5,3 4,3 1,89 1,97 0,27 0,87 0,78 | 67 306
LB—TP—Cr, — 4,2 1,88 1,98 — 1,5 — 70 408
LB—TB—Cr, 5,3 4,3 1,89 1,98 0,9 3,15 1,07 80 340

RPE (fig. 1-—5) inregistrate pe probele preparate sint specifice pentru ioni Vé+
[15—17], Cr3+ 51 Cro+ [18—20], Mn2* [18,21—25], Fe?+ [26—30] si Cu2* [31—
34] in diferite sticle Contributia Fe®+ prezent ca impuritate in matrici a fost
eliminatd, spectrele prezentate fiind rezultatul diferenter dintre spectrele obtinute
pe probele cu 19 oxizi al metalelor de tranzifie si pe matrici. Mentiondm c3 in
cazul probelor cu V,05 st CuO nu s-au inregistrat semnale la cimpurt magnetice
joase De asemenea, in cazul probelor de tip LB—TB am constatat cd intensita-
tea semnalelor RPE corespunzitoare 1onilor Cu?*, V4+ st Mn?+ s-a diminuat con-
stderabil odatd cu cresterea pondern oxizilor de titan gt bariu, ajungind ca in
cazul probelor de tip TB fara oxizi de Iitiu §1 bor, pentru concentratule de oxizi
a1 metalelor de tranzitie utilizate si nu ma1 inregistrim semnale RPE

3 Diseutii. Analizind forma semnalelor RPE prezentate in fig. 1—95, am
constatat cd acestea au formd identicd cu cea a spectrelor RPE inregistrate pe

1 \\1/\ //\\/\/—\/ o

0068
¥ A
l
|
|
} .‘ / LB ThRgh
g
‘ ‘ -

Fi1g 1 Spectrele RPE ale probelor cu V,0,
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/J/lf‘ /OPPn

LB-15gChy

LB -TPi5Cny

¥1g 2 Spectrele RPE ale probelor cu Cr,0,

T1g 3 Spectrele RPE ale probelor cu MnO,
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1BI5gFe

LB-TBgFe,

LB—TP“_;Fe‘

Fi1g 4 Spectrele RPE ale probelor cu Fe,Oy

LB TS5 Cn

LB-TBgCY

_AB-TR s

Fig 5. Spectrele RPE ale probelor cu CuO (banda paraleld)
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alte tipuri de sticle Urmirmd insd mai atent valorile parametrilor spectrelor
RPE, prezentate in tabelele 2—4, observam cé se pot evidentia difcrenfe pentru
cele trei tipurt de probe Astfel, in tump ce pentru probele de tip LB—TB si
LB—TS cu CuO, V,0; s1 MnO, parametrii spectrelor EPR au valori apropiate,
ele diferd in mod evident de cele obfinute pentru probele de tip I, B—TP Valo-
nile factorilor g si a constantelor de interactiune hiperfini a acestor ioni dovedesc
cd in cazul sticlelor de tip I,B—TP legétura 1on paramagnetic-oxigen este mai
putin covalentd decit in cazul celorlalte doud tipun de sticle Aceasti concluzie
este completatd $1 de constatarea ca in acest tip de probe lirgimea limilor de rezo-
nantd este mai mare, inclusiv cele de stiucturd hiperfind Aceastd largire supli-
mentard nu se datoieste cresteri interactiunu dipolare deoarece am constatat ci
in acest tip de probe densitatea de centri paramagnetici este mai mici in raport
cu cea din probele de tip LB~TS si LB—TB, pentru aceeasi concentratie de
oxid a metalelor de tranzitie Utilizind relatia de legituri ce leagh ldrgimea supli-
mentara a liniilor de structurd hiperfind g1 distributia factorilor g, putem afirma
cd in cazul probelor de tip LB—TP fluctuafia microvecinititilor iomlor para-
magnetici este ma1 mare decit in cazul probelor de tip LB—TS st LB—TB Deoa-
Tece aceastd lirgime suplimentard se observa- doar in banda paraleli a spectre-
lor EPR ale ionilor V4+ g1 Cu?+, este de presupus ci fluctuatille microveciniti-
tilor iomilor paramagnetici se rezumi la o distnbuiie gaussiani, pe un domeniu
relativ larg, a oxigenmlor din lungul axei z a octaedrulu1 format din oxigenit pri-
mei sfere de coordinare a 1onilor paramagnetici Ipoteza de mai sus este susinuti
s1 de faptul ci lirgimea linier de la g &~ 2 a Mn2+ g1 Cr®+ este considerabil mat
mare in cazul probelor de tip L, B—TP,,

Aceste informatir obtinute despre ordinea locali in sistemele vitroase stu-
diate, prin analiza parametrilor s1 formei spectrelor RPE a 1onilor Cu®*, V4" si Mn2+,
nu este chiar atit de bine susfinutd de valorile parametrior spectrelor RPE a
1onilor Fe3+ s1 Cr®+ confmnuti in aceleasi matrict vitroase Astfel, chiar dacd
putem semnala lipsa semnalelor de la g, in cazul probelor de tip LB—TP si
valorile relativ mai1 mict ale factortor g, lirgimea liniilor de la g, AH,, nu
este mai1 mare in cazul acestor probe Ea are valoarea maximi pentru probele
de tip LB—TB

Tinind cont de raportul mtensitdtilor linulor din spectrul acelelasi probe si
de lirgimea linte1 AH, vom constata ci ponderea 1onilor paramagnetici ce contri-
bute la lima g, = 4,3 este maxima in cazul probelor de tip I, B—TB, fapt care ne
determind si considerim ci ldrgimea mai mare a acester linit, AH,, in probele de
acest tip, nu se datoresc crestern fluctuatilor microvecinititu ionilor Fe*t sau
Cr3+ respomnsabili pentru apaiifia acester linu, <1 crestern interactiunn dipolare
dintre acestt 1on1 La concentratule de oxizt ai metalelor de tranzitie utilizate
de citre not acest lucru apare plauzibil doar in 1deea ci 10nu paramagnetici nu se
distribute statistic Avind in vedere faptul cd densitatea minima de centr: para-
magnetict s-a inregistrat in cazul probelor de tip LB—TDP, este evident cd inter-
actiunea dipolard cea mai micd existd Intre tonit paramagnetict din probe de tip
LB—TS, dect in acest tip de probe distributia ionilor paramagnetict Fc3+ st
Cr3+ este cea ma1l uniformd Referindu-ne la densitatea de centri paramagnetict
vom constata ci diminuarea acesteia poate f1 explicatd dacd acceptdm caracterul

mai redu cdtor al probelor de tip LB—TP, fapt sustinut s1 de constatarea ci in
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acest tip de probe intensitatea semmnalului RPE atribuit 1omilor Crft, cu g,
este cel mai mic

4 Comcluzii. Rezultatele studulor RPE pe sticlele pe bazd de bor cu oxizi
de littu, titan, strontiu, plumb, bariu §1 a1 unor metale de tranzifie au condus la
urméatoarele concluzi

a) Tonu cei mai sensibili la detalule ordmmu locale din matricile vitroase in
care se introduc sint cer cdirora le este caracteristic un grad oarccare de anizo-
tropie a factorulm g si un spectru cu structurd hiperfind

b) In cazul 1onilor a ciror spectre in matric1 vitroase confmn $1 linit cu ger
mar1, care provin de la ioni situati in cimpuri cristaline mtense, cele imai sensi-
bile la ordinea localad din aceste matrict s-au dovedit a f1 linule cu g = 2, para-
metrit s1 forma lmiilor cu g mai mari neevoluind in concordanta cu modificdrile
ordinii locale desprinse din evolufia parametrilor s1 a forme:r Iinulor RPE prove-
nite de la 10oni dispust in pozitu caracterizate de cimpur cristaline slabe

c) Caracterul mnestatistic al distribufier 1omilor paramagnetici s-a evi-
dentiat mai pregnant pentru 1onii de Fe?+ si Cr®+, find in ansamblu mult mai
pronuntat pentru 1onu dispusi in pozitii de cimp cristalin intens Forma si para-
metrns linies RPE provenind de la 1onu1 Cr3+ dispust in pozitit de cimp cristalin
slab au furnizat aceleasi mformatn despre ordinea locald din sistemele vitroase
studiate ca st ioni1 Cu?¥, V4+ 51 Mn2+ Acest fapt ne demonstreazi ci acestiioni
se distribute relativ uniform in matricea vitroasi in pozitn relativ echivalente.

d) Modificarea parametrilor spectrelor RPE ale tomlor Cu?t, Vi+ Mn?*
g1 Cr3+, dispusi in pozitit caracterizate de clmpuri cristaline relativ slabe, au
condus la concluzia cd in probele de tip LB—TP legdturnile 1on paramagnetic-
oxigen au un mai slab caracter covalent decit in cazul probelor de tip LB-TS si
LB—TB De asemenea, tot in probele de tip LB—TP, fluctuatia microvecini-
tifilor 1omnilor paramagnetici este maximi, in timp ce densitatea centrilor para-
magnetici este minima

e) Ansablul rezultatelor obtinute poate f1 interpretat daci presupunem ca
ionii Cu?*, V4+ Mn2+ si o buni parte din cei de Cr3+ se distribuie relativ uniform
in intreaga matrice fird a-1 modifica prea mult din ordinea locald a acesteia. Dim-
potriva, modificirile relativ mict ale ordinu locale ce caracterizeazd un anumit
tip de matrice vitroasi influenteazi forma s1 parametrit spectrelor RPE a acestor
ioni, conferindu-le acestora caracterul unor adevirafi senzoride ordine locala.
O parte insemnati din 1onii Fe3+, Cr3+ s1 Mn?+ nu se integreazd insa atit de ugor
In matrici, producind adevirate tensiumi locale Astfel, pozifule in care acest1
ion1 se dispun sint caracterizate de cimpuri cristaline puternice, si sint mai pufin
sensibile la modificiride ordinit locale din matricile vitroase Similartatea aproape
perfectd a linulor cu gy mart din spectrele RPE ale unor 1on1 paramagnetici, dis-
pust in matrici vitroase de natura diferitd poate f1 explicatd in acest mod

(Intrat in redacfie la 19 martie 1981
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EPR ON LITHIUM-BORATE GLASSES WITH PARAMAGNETICS IONS

(Summary)

In order to establish a better correlation betwenen the shape and parameters of RPE spec

tra given by different paramagnetic 1ons mtroduced m vitreous matrices and the local order ty-
pical of these matrices the resonance spectra of Vi+, Cu?t, Mn?*, Fe3* and Cr3t joms in borate
glasses with Iithmum, titanmum, strontium, lead and banum oxide respectively have been analized.
From these studies 1t follows that the most sensitive signals at the details of the local order
existing in glasses arse from the ions which give resonance lines with g,ff & 2, and expecially
from ions whose spectra show hyperfine structure



STUDIA UNIV BABES-BOLYAI, PHYSICA, XXVI, 2, 1981

X—RAY STUDY OF Al,0; PROMOTED WITH CeO,

VASILE CRISAN, IULIU POP, GHEORGHE MORAR, NICU DULAMITA

1. Introduction. In the experiment carried out, we have performed X-ray
spectroscopic and diffraction mvestigations of Al,O; promoted with 2;4,6, 8;
10;20 and 309, W/W CeO,, the properties of aluminium hydroxides [1] and
oxides being highly influenced by the method of preparation.

2. Experimental. Samples with small concentrations of CeO, (2;4;6;
89, W/W) have been obtained from aluminium and cerium nitrates dissolved
in water at 55—60°C in the presence of ammonium carbonate. The hydroxides
obtaines were left in solution for 3 days from which they precipitated; in this
way the catalytic system aged. The samples were then dried at 100°C and heated
at 550°C

Samples with 10, 20, 309, W/W CeO, were prepared as before, but in the
presence of glycol

For the spectroscoptc mesurements the samples were grounded until the
particle size was smaller than 10 pm and then pressed in pellets at 400 atm. -

X-ray powder diftraction work was done on a TUR—M—62 X-Ray diff-
ractometer, using CuK, radiation X-ray.spectroscopic study was done on a
Philips (PW 1410) X-ray f{luorescence spectrometer using a Cr-anode X-ray
tube, PE analising crystal, flow counter (P,, gass) with 1 pm polypropylene
window, and PHS facilities

3 Results and diseussion. From structural analysis [2], [3], 1t results
that samples 1—4 contains nAl,0, and «CeO, while samples 5—7 contains
nA1L,O,;  yAlLO; and «CeO,. The lattice parameter of %Al,O; for sam-
ples 1—4 decreases with the increase of concentration having minimum va-
lue at 4%, W/W CeO,, while the lattice parameter for «CeO, expands, having
a maxumum at 6% W/W CeO, For samples 4—7, the lattice parameter of 7nAl,0,
has a minimum for a concentration of 209 W/W CeO,, while the parameter for
«CeQ, 1s maximum for the same concentration of CeO, (Table 1)

Table 1
Nr.' Concentration a,A1,0, a,ce0, V. a1,0, )'Kﬂ AKB’
of CeOy(%) (4) Ay (A) A) - (4)
1 2 776 T 569 — 7 981 8 059
2" 4 7 64 - 568 — 7.975 8.059 -
'3 -6 8 03 5.89 — - 7 978 8.061 -
4 8 817 543 — 7.982 8061
5 10 813 4 20 33 23 7 981 8 060
6 20 7 88 549 32 04 7 980 8.061
7 30 8 05 536 25 05 7 948 8 060

For the analys of limes K (O(2p) — Al(ls)) and Kg(O(2s) — Al(ls)) it
results that for the two sets of samples the lmme Kg remains unchanged which
dem onstrates that the orbitals 2s of oxigen and 1s of aluminium are not influ-
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enced by variations 1n the concentrations of CeO, in the samples, or the cnergy
of the two type of orbitals was schifted in the same direction

The wavelength of K radiation for the samples with a small concentration
of CeQ, (2—89%), decreases with the increase 1 concentration, to a mimimum of
7,975 A for a concentration of 4% W/W CeO, and then increases to 7,982 A for
8% W/W CeO,, following the samec lattice parameter variation as nAl,0, This
revealed a displacement of the orbitals of O(2p) toward larger energies until 1t
gets to 49, W/W CcO, then to smaller encrgics until it gets to 89, W/W CeO,

The samples with 10% , 209 and 309, W/W CeO, emits a Ky line whose
wavelength reduces with increased concentration, demonstrating the displace-
ment of the energy level O(2p) toward higher energy values Varation m wave-
length for K have the same form like the variation of the volume of y'Al,O, umt
cell.

(M)

F | Calculations of gran size distribution, [4], represented by the curbe GT

M being the diameter of the CeO, crystals from samples with 10, 20; 309,
CeO, shows that most of the crystals have a dimension of 64 A, irrespective of
the concentration of CeO, The secundary peaks appearing at the same values
of crystal diameters irrespective of concentration show that-glycol favors the
appearance of y'AlQO,.

Lines K,, and K, were not resolved, and the position remains constant
for the first four samples, at 8,275 A and for the last three at 8,215 A

{Recenved January 9, 1081
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ANALIZE CU RAZE X A Al,O; PROMOTAT CU CeO,

(Rezumat)

Aluminele promotate cu 2, 4, 6, 8, 10, 20 $1 309 CeO,, preparate dupi metode ongi-
nale, an fost studiate prin difracfiec $1 spectroscopie de raze X Rezultatele indicd prezenta in
alumme a fazelor nAl,0, si v'Al,0;, parametrn reticulari la fel ca g1 lungimile de undi pentru tran-
zifrile Kg $1 Kp modificindu-se in functie de concentrafie '
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PROPRIETES ELECTRIQUES NON-LINEAIRES DES MATERIAUX
CERAMIQUES SUR BASE DE CdO

R. PARASTIE*, C. CODREANU*, M. VANCEA*

I Imtroduetion. Depuis quelques années, dans la technologle des varis-
tances on utilise intensivement le ZnO, comme base, avec différentes combi-
naisons auxiliaires du type Me,O, (Cr, Bi, Sb, La, Gd, Y, In), MeO, (Si, Ti
Zr), MeO (Mn, Mg, Co) ou non-oxydiques, comme CeF; CoF, CrF;

Dans ces cas, on suppose que sur la surface des grains de ZnO appa-
raissent des pelhculles oxydiques dont la conductivité électrique différe par
rapport 4 la conductivité électrique du ZnO D’autre part, la diffusion de ces
oxydes a I'intérieur du ZnO conduit 4 la formation d'un substrat d’états locaux
dont les propriétés de barrage a basse tension déterminent la caractéristique
non-hnéaire I—U. Pour une tenston électrique plus haute la couche de barrage
est satureé par les électrons injectés du coté ZnO et la résistance électrique tombe
rapidement Parfois on obsérve la iormation d’une phase vitreuse, qu favorise
le caractére non-linéairc et la stabilité de la varistance [1] [2] [3] [4]. Par
contre, on soutient ausst I'oppinion que les propriétés non-linéaires ne sont
pas déterminées par cette pellicule sur les grains de ZnO, mais par les con-
tacts 1solés caractérisés par des phases intermédiatres entre les grains de ZnO [5].

Nous avons étudr¢ le comportement électrique d’'une série de maténaux
céramiques a4 base de CdO, semi-conducteur du type n, (du meéme type que
le ZnO), avec une bande mterdite de 2 eV (3,3 eV pour le ZnO), mais avec
une température de tusion de 320°C, qui est mnféiteure a toutes les températures
de fusion des combinatsons auxihaires, N10O, Sb,0,, Bi,0, Y 03, 510,, contrai-
tement aux conditions réalisées dans le cas d= ZnO De plus, & la temperature
de 767°C le CdO passe par le pomt d’év aporation

Dans ces conditions nous avons préparé¢ 14 compositions, dans les limites
mdiquées dans le tableau 1 On a utilisé la technologie classique de synthéri-
sation, a4 deux températures, 700°C et 820°C, en obtenant des pastilles de
diametres de 10 mm el 14 mm et d’épaisseur de 1 4 1,3 mm, avec de bonnes
propriétés mécaniques

Tableau 1
La compositton chimique en mole%, et poids9, (*)
Echantillon 1 2 3 4 5 6 7 8 9 10 11 12 13 14
€do 70 75 80 70 70 70 75 75 75 80 80 80 50 50
N10 10 10 10 10 10 10 10 10 10 10 10 10 30 30
Sb,0,4 10 10 10 10 10 10 10 10 10 10 10 10 20 20
B1,0, 10 5 8 10 10 10 5 5 5 8+« 8¢« 8+ 10* 10*
Y,0, - - - - — - — - = = — — 2% 1*
510, - = — 0,5* 1* 5* 0,5* I+ 5* 05* 1* 5* — —

* XL/Institut Polytechnique de Cluj-Napoca
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i . Tableau 2
b U, I, P (max) et 8 (moyen)
123

% Echantilion 3 8 10 13 14
50 U(v) 700°C 110 200 120 200 500
820°C 17 6 100 400 450

I(ma) 15 17 | 45 09! 03

on 140 146 34 0,3 0,2

P(W) 1,6| 34{ 54| 01| 01

2,4 0,9 3,4 0,1 0,1

8 L1 13| 15| 17| 20

9 "o 0+ 30 wulvl 1,7 1,1 1,2 1,8 1,5

Fig 1

IT Resultats expérimentaux. Les caractéristiques I—U, en cc et ca
ont été tracées dans les limites assurant la non-apparition de I'échauffement par
Teffet Joule Sur 43 échantillons étudiés on a obtenu 30 échantillons avec une
caractéristique symmétriquement non-linéaire, 9 échantillons avec une carac-
téristique linéaire La résistance électrique d’autres 9 échantillons a été trop
grande (supérieure 4 100 Mohm) Sur la figure 1 sont représentées les fonctions
I = f(U) pour les compositions 4,6 et 12 (Tgne = 820°C), qui sont typiques
pour tous les autres échantillons. En utilisant la dépendance de la forme I= BUS,
olt B est le coeffictent de non-linéarité, on a obtenu pour B des valeurs de 1,1
a4 3,0 Dans le tableau 2 sont données quelques valeurs de B et les limites ma-
xima du régime électrique “des mesures. On remarque la forte influence de
la température de synthérisation pour les compositions 3 et 8

L’influence du S10, est trés variable En effet, les petites quantités de
S10, (0,5 — 1,0 poids 9,) conduisent & une réduction de la résistivité électnque,
tandis qu'une quantité de 5 poids9, conduit i une forte croissance de celle-¢i
et 4 une atténuation de la non-linéarité Dans le tableau 3 on voit, com-
parativement, les données expérimentales concernant R, U et I, oit les compo-
sitions 1, 2 et 3 ne contiennent pas le S10,

Tableau 3
L’influence de Si0 (Tgpnt =3820°C)
Echantillon . 1 5 . 6 2 ' 8 ’ 9 3 11 12
R (Kohm) 44 44 103 11 0,06 10® | 140 8 103
U V) 30 55 — 40 6 — 17 80 —
I (mA) 15 | 250 — 60 46 — 1140 17 —
1,6 1,5 — 1,9 1,1 — 1,7 1,1 —

Le diameétre de la pastille a une influence remarquable sur la résistance
€lectrique Dans le tableau 4 on donne les valeurs de R pour les deux dia-
metres d'une méme composition Si la variation de la résistance électrique

3 — Physica — 2/1981
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était déterminée seulement par la variation du diameétre, en considérant un
comportement purement ohmique, le rapport des résistances devrait avoir les
valeurs d’un facteur géométrique {(G), tandis que le vrai rapport des résistances
a.les valeurs d'un facteur f(R). On voit que pour les compositions 1, 2, 3,

6, 7 les valeurs du f(R) et f(G) sont trés différentes entre elles. @
Tableau 4
L’influence du diamc;tre (10—14 mm)
- Echantillon 1 2 3 4 5 6 7
10 mm 8,6 11 0,4 0,091 0,044 0,47 0,48
R (Kohm) 14 thm 0.3 0,011| 0,04 0,04 0.15 0.8 0,023
f(R) 27,2 974 9,75 2,4 0,3 0,0006 21
315 1,4 10,6 1,4 1,2 14 . [ 1,8 1,7

IIT Conclusions. A travers la synthérisation, entre les températures de
300°C et 820°C, le CdO passe par deux pownts de transformation de phase,
le Sb,0, passe seulement par le pont de fusion, tandis que les autres oxydes
restent constamment en phase solide, dans une matrice fluude de CdO

Les propriétées électriques, tellement différentes, des compositions étudiées
sont les résultats de la contribution variable de toutes ces phases, d'une part,
et de la réalisation d’'uh modéle électrique de la conduction, dont le schéma
équivalent devrait expliquer la forte influence de la géometrie de la pastille
sur la résistapce électrique, d’autre part ‘Il s’agit, probablement, d'un autre
modeéle électrique de la non-linéarite de la caractéristique I—U, par rapport
aux modeéles envisagés pour les varistances a base de ZnO

s (Manuscnit requ le 8 novembre 1980)
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o1 O DO =
W2 H

PROPRIETATILE ELECTRICE NELINIARE ALE UNOR MATERIALE CERAMICE
PE BAZA DE CdO

Rezumat

In lucrare se studiazi caractemsticile curent-tensmune (I—TU) ale uneir sern de compozifut
sinterizate, in care elementul de bazi este considerat CdO, 1ar ca adausuri Ni10, SbyO,, B1;,0,,
¥,0;, st $10, La majoritatea cdmpozifulor s-au obfinut caracterstici nehmare simetrice
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1

SUR' I’INSTABILITE MAGNETO-HYDRODYNAMIQUE DE TYPE
RAVIEIGH-TAYLOR D'UN PLASMA A CONDUCTIVITE
ELECTRIQUE FINIE L'EQUATION DE DISPERSION

MIRCEA VASIU ‘

1 hitroduetion. Dans le présent article nous nous proposons de déduire
I'équation de dispersion, pour I'étude de linstabilité magnéto-hydrodynamique
de type Rayleigh-Taylor (probléme qui sera analiysé dans un autre article),
d’un plasma incompressible, non visqueux, 4 densité varable, constitué par
des couches superposées, ayant une conductivité électrique finte Nous nous
Iimitons a deux couches séparées par une surface X Ie plasma se trouve
sous l'actien d’'un champ magnétique uniforme E(B,, 0, B,) et sous l'action
de I'accélération gravitationnelle g(0, 0, —g)

Nous utilisons les résultats obtenus par Chandrasekhar [1],
Hide [2], Sharma, Srivastava [3], Ariel, Aggarwala [4] A
la différence des travaux cités, nous prenons en considération I'influence de la
conductivité électrique fime du plasma

2 Equations fondamentales- pour 1’état perturbé du plasma. I.e systéme
des équations magnéto-hydrodynamiques, pour I'état perturbé du plasma étudié,
s’écrit de la maniére suivante

—
’

ov ’ 1 n Dr 23 B >
po o = —VP +;[(B'V)B — V(By, B')]+ gp', (1)
V 2 =0, (2)
de’ -,
?‘:z —(¥ V)p,, (3)
. ‘%’ = (B, V)0 + v,AB, 4
V B =0, (5)

ot v’ (¢, v, w) est la perturbation de la vitesse, p, est la densité du plasma
en état d’équilibre, ' est la perturbation de la pression, I_§0 est le champ ma-
gnétique en état d’équilibre (on suppose que le champ magnétique posséde deux
composantes B, et B, dirigées d’aprés 'axe Ox et respectivement d’apres
Paxe Oz) Nous choisirons comme systéme de référence le systéme de coor-
dounnées cartesiennes Oxyz), B’ est la perturbation du champ magnetique, ¢’
est la perturbation de la densité, v,, est le coefficient de viscosité magnétique

du plasma (v, = 1 , . est la perméabilité magnétique  du plasma, o est
a

e, ,“‘ . ) ’ » .
la conductivité électrique du plasma), V est l'opérateur nabla, A est ’opé-
rateur de Laplace ’
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On suppose que la densité p, est une fonction de vamnable z(p, = f(z))
Admettons que de petites perturbations se propagent dans le plasma
sous la forme

¢ = @*(z) exp [k, x + ikyy + ol], (6)
ot ¢* est 'amplitude d’onde, %, et %, sont les composantes du vecteur d’onde
% et o est la pulsation

La substitution des perturbations (6) dans les équations (1)—(5) nous

conduit au systéme d’équations, qui, en projections sur les axes Ox, Oy, Oz,
Y q P Y,

s’éerit sous la forme
@

@ogU* — f”; (DB} — 1k, B}) = — tk,p*, (7)
opgt” = 2 (DB — ih,B) — % (h,B; — h,BY) = —ihpt,
L3 B ®x * * L 3
wpew® + =X (DBY — 1k, Bl) = — Dp* + £ (Dgy)u", )
1k + 1ku* = —Dw*, _ (10)
wp* = — (Dpy)w", (11) -
Q,,B; = B,Du* +- 1k, Bu*, (12)
QmB; = BzDv‘ + 1ka;v'v“’ (13)
Q,,B: = B,Dw* - 1k, B,w", (14)
1k, Bt + 1h,B} = — DB}, (15

olt u*, v*, w*, B}, BJ, p; sont les amplitudes des perturbations, Q,=0-v,, X

X(p— D7), B=K4+ K, D=2
On multiphe I'équation (7) par —ik,, 'équation (8) par —ik, et par I'ad-
dition, on obtient I'égalité

— wpo ekt - 1h*) + 1k, DB + 1k, DB} + ) BE +
W

+ 2 (k, BY ~ R,Bj) = — gt (16)
@
St 'on applique l'opérateur D = di dans l'équation (15) on obtient
Z
1k, DB% + 1k,DB; = —D*B; 17)

En tenant compte de (10) et de (17), I'égalité (16) s’écrit sous la forme

o Du* — %2 (D2 — ) B - PP (,BE — b Bj) = — © 4" (18)
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En tenant compte des équations (12)—(14), I'égalité (18) prend la forme

& oo Dw* — —2 (D* — I)(B,Dw* + 1k, Byw") +
B ”

4 FoB, ’“B (B.Dw* + 1h,Baw*) — 22202 (B.Do* 4 1k, B o) = — p* (19)
Introdusant maintenant la grandeur ¢’ = (V><77’), = rot,p’ = G _ o ,  qut’
. ox 0
prend la forme i’
O = kot — ikt (20)

tenant compte de (10), aprés la multiplication par 2%, et respectivement ‘par
1k,, on obtient

._ 1 .
ut= = (thyC* + 1k Dw*) (21)
et
l * *
vt = ” (— 12, L* + 1k, Dw*) (22)
St on applique T'opérateur D — < dans les égalitds (21) et (22), on obtient
dz
Du* = 7:- (th,DC* + 1k, D¥w0*) (23)
et \
‘ Dov* — k_l (— 1k, DC* + 1k, D?0*) (24)
La substitution de (21) — (24) dans (19) nous conduit & I'égalité
s © tkyB:B, * Bj e _ 2\ Dw* — 1hx BB,
Pt = poDw Rl . DY e (D* — 1) Y en,
X (D — F)w* — PaDRh (25)

pRQ

St Von applique Vopérateur D dans (25) et dans (12), ot nous tenons compte
de (21), faisant les calculs, nous obtiendrons

—Dpr=2D oy o BBsBipars  _Bi (pe_ prypegr —
#* = % Dleo Do) + Ba22% parr — T (D1 — ) D
__thyByB, (D2 — kz)Dw* kxksz Dy (26)
whiQ,, ’ wk2Qy,
et
DB} = L D(B,D + 1k, B,) sk, C* 4 1h,Dw*) (27)

"m
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Fn tenant compte de (14) et de (27), I'égalité (9) s’écrit sous la forme:

—Dp* = wppw® + w:; (B,D? + 1k,B,D)(k,C* + thDw*) —
— 25 (B, Dw* + ik, Bw*) — £ (DpoJu®. (28)
Lt o *

Les égalités (26) et (28) nous conduisent a I'équation

D(poD'l?)t) . k2 Pow* o 2ikasz (Dz . kg)Dwt . L: (D2 - k2) Dzwt +
uewQyy, polly,
BB (D2 — i)wr 4 & (Dog)w* =0 @9
poQy w?

Nous admettons lexistence de deux fluides superposées avec les densités cons-
tantes g, et p,, séparées par la surface X%(z = 0) Dans ce cas, I’équation (29),
pour p = const, se rédmt a la forme

(D® — B?)Dw* sz,% (D* — k*)Dw* — (W + kﬁB—i)(DZ — et =0, (30)

z B3 B3

qui peut étre écrite de la maniére suivante

. . B, 0Dy BE "
(D? — k) [Dzw + ik, 2% Du* — (E;—- + ki;;)w‘] = 0. (31)
Introduisons les constantes
=25, B = hoo y = — (HE00m 4 ped). (32)
} 4 ; 4

Remplagons les constantes (32) en équation (31), nous obtiendrons la forme
[D*w* + BDw* + yw*] = 0. (33)

I’éuqation (33) est 1'équation de dispersion cherchée pour le modele de plasma
étudié Elle généralise les équations de dispersion obtenues dans les travaux
cités.

3. Cas partieuliers. Pour le cas d’un modéle de plasma similaire, & con-
ductivité électrique infinie (v,, =0, Q, = w), I'équation de dispersion (33) se
réduit a4 l'équation de dispersion obtenue par Ariel, Aggarwala. Pour le cas
d’un modele de plasma similaire, & conductivité électrique infinie, en présence
d’un champ magnétique horizontal, ou d'un champ magnétique vertical, I’équa-
tion de dispersoin se réduit a 1'’équation de dispersion obtenue par Chandra-
sekhar,

(Manusctit regu le 25 mars 1981)
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ASUPRA INSTABILITATII MAGNETOHIDRODINAMICE DE TIP RAYLEIGH-TAYLOR
A UNEI PRASME CU CONDUCTIVITATE ELECTRICA FINITA. ECUATIA DE
DISPERSIE

(Rezumat)

.

In aceastd lucrare autorul stabileste ecuatia de dispersie necesard studiulu instabihitith mag-
netohidrodinamice de tip Rayleigh-Taylor — problemi ce va fi abordati in cadrul unei alte lu-
criri — in cazul unw model de plasm#, cu condustivitate electricd finstd, constituiti din doud stra-
tur1 suprapuse, in prezenta unwi cimp magnetic umform cu doud compomente axiale g1 a accele-
rafier gravitafionale ’

Ecuatia de dispersie obfinutd generalizeazi ecuafule de dispersie ob{inute de alti autori
in cazul unw model similar de plasmi, dar cu conductwitate electricd snfinitd.
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TEMPERATURE DEPENDENCE OF THE DIELECTRIC CONSTANTS
OF SAME CHOLESTEROIL DERIVATIVES

S. SELINGER, F. PUSKAS, R. SCHWARTZ, A. JUHASZ

In the cholesterol derivatives, mainly esters — cholesteryl ethyl car-
bonat C4H,,0,, cholesteryl ethoxy-ethyl carbonat Cy H;,0, cholesteryl
caprate  C,,H;,0,, cholesteryl palmitate CyH,40,, cholesteryl chloride
C,,H,5Cl, cholesteryl benzoal CgH;0, — the temperature dependence ot
the dielectric constants are studied near phase transition

The cholesterol dernivatives were synthetized at the Chemicals and Phar-
maceutics Research Institute — ICCF Filala Cluj-Napoca

1 Introduetion.' In- this paper the temperature dependence of the di-
electric constant is examined The melting points of compounds as well as their
temeperatures of transition from the liquid crystalline to the isotropic phase
are closely correlated with the literature data [1], [2]

The thermal desorientation of the simgle molecular long axes can be
described by the degree of order

S=1-— %smz 6 (1)

sin® @ mean value averaged over all molecules

The value of the degree of order is depending on the competl’clon of
the thermal energy of the molecules and the energy gain by the parallel orien-
tation 1n the layers

We have measured the dielectric constant, which may be considered
as a measure for the degree of order

2. Experimental methods. Cholesteryl derivatives used in our experiments
were synthetized at the ICCF Fihiala Clug

These components are heated up to the 1sotropic phase and cold down
to the crystalline phase

The temperature of the sample 1s controlled within the accuracy of 1°C and
1t 1s measured by a thermocouple placed 1n an oven placed around the sample

The apparatus used to measure the capacitance caracteristics of the hqud
crystal sample 18 a Semi-Automatic Universal Bridge BM 509 Tesla

The dielectric constants are of course frequency dependent but we have
measured capacitance versus temperature at frequency 1 kHz

From geometrical consideration of our liquid crystal cell (we have seen
that liquid crystal cell with the same thickness of the sample used have approxi-
mately the same parasite capacitance), dielectric constant will be given by -

. — CLC - Cpm-asxte (2)

C

air

where Crc — capactance of liquid crystal cell
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F1g. 1 Temperature ‘dependence of the dielectric
constants of the samples A and B

.3 Experimental results. The temperature dependence of dielectric cons-
tants of the cholesteryl ethyl carbonate (A) and cholesteryl ethoxy-ethyl car-

bonate (B) samples is shown m Figure 1
‘Figure 2 show the dielectric constant behavior of the cholesteryl caprate

(C) and cholesteryl palmitate (D). .

Figure 3 shows the dielectric constant behavior of the cholesteryl chlo-
ride (¥) and cholesteryl benzoate (F)

4. Discussion. There. 1s a smooth change 1n the dielectric constant as
the mesomorphic state changed to the isotropic liguid The dielectric constant
values showed a break at the transition temperature

As the temperature 1s 1ncreased, the degree of orientation decreases,
linearly at first, and then rapidly to zero orientation to transition point
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Fi1g 2 Temperature dependence of the di-
electric constants of the samples C and ®
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The deelectric constant e of the mesophase falls linearly and dt the tran-
sition point there 18 no sharp change. The molecules are arrangad parallel
to the condenser plates by the orientating effect ofsthe electric: f1eld between'
the plates '

The values of the dielectric constant for rising and falling temperatures
below hquid crystals — isotropic transition point were not coincident.

5. Conclusion. The measurements of the dielectric constant and parti-
culary of the dielectric anisotropy are very d=licate, and there are moticeable
differences 1m the results obtained by different authors

The non coincident values of the dielectric constants for rising and falling
temperatures are due to the breakdown of the molecular order and the build-
up, of the molecular order will not proceed via 1d9nt1ca1 intermediate, mole-

cular orientational changes
(Recexvcd March 20, 1981)
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STUDIUL DEPENDENTEI DE TEMPERATURA A CONSTANTEI DIELECTRICE IN
CiTIVA ESTERI COLESTERICI

' (Rezumat)

in tucrarea de fati este prezentati dependenta de temperaturi a constanter dielectrice
in colesteril etil carbonat, colesteril etoxyetil carbonat, colesteril caproat, colesteril palmitat s
colesteril benzoat.

Metoda folositi in experientele noastre este destinatid determinirn tranzitier de fazd lichid
colesteric—lichid izotrop Temperaturile de tranzifie sint in concordant{d cu datele obtmute de
no1 prm alte metode
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ECUATIA DE DISPERSIE IN CAZUIL INSTABILITATII MAGNETO-
HIDRODINAMICE DE TTP RAVLEIGH-TAYLOR A UNEI PLASME IN
PREZENTA UNUI CIMP MAGNETIC SPATIAL

MIRCEA VASIU

1 Intreducere. Intr-o lucrare anterioard [1] am stabihit ecuafia de dis-
perste mecesard studiului instabilitdtii magnetohidrodinamice de tip Rayleigh-
Taylor a uner plasme incompresibile, neviscoase, cu conductivitate electrici
finitd, supusd la acfiunea unw cimp magnetic umform cu doud componente
s1 la actiunea acceleratier gravitationale

In lucrarea de fati ne propunem si stabilim ecuatia de dispersie pentru un
model analog de plasmd, cu deosebirea ci admitem o conductivitate electrici
infimtd §1 ludm in considerare actiunea unui cimp magnetic spapal si uniform
cu trei componente B, B,, B, presupuse constante

2. Sistemul de ecuatii magneto-hidrodinamice pentrn starea perturbati
a plasmei. Pentru modelul de plasmi analizat sistemul de ecuatit magneto-hidro-
dinamice in cazul perturbatier plasmer este urmétorul

' - T B B P

pOE:_Vj) +;;[(BO V)B —V(Bo B)]+g? - (1)
V =0 (2)

%~ @ W) (3)

Pl Po *

0B - B 73 "

= VX (@' xBy) = (B, V)v (4)
vV B,=0 (5)

unde By V = B,,ai + Byai + B,aﬂ s1 B, B — B,B.-+ B,B, + B,B!. Semni-
x ly )z
ficatsile diferitelor méarima fizice ce figureazi in sistemul de ecuatii diferentfiale
{1)—(5) sint identice cu cele din lucrarea [1]
Admitem cé in interiorul plasmel se propagi perturbatii de forma

9" (%, 3, 2, 1) = ¢%(2) exp (th,x + thyy + i), (6)

unde ¢*(z) este amplitudinea perturbatie1, %,, %, sint componentele vectorului
numdr de undi, o este pulsatia perturbatiei Tinind seama de sistemul de ecna-
til diferentiale (1)—(5), de forma (6) a perturbatiilor, obtinem urmitoarele ecuatii
diferentiale in prolectii pe axele de coordonate carteziene

wpe’ — % (DB, — 1k,BY) — 52 4k, B, — 1k B)) = —1kp’, (7)
Ko to
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’ B‘ L3 'k ’ Bx B’ k B’ _ 'k ’ 8)
wpet’ — — (DB, — ik, B;) — =% (1k,By — 1k, B;) = —ik,p’, (
o to

wpg’ + 2= (DB' -~ 4k,Bl) + 2(DB) — 1k,Bl) — £ (Da)w’ = —Dp’, (9)
Mo o .

4 k' L1k = —Dw' (10)
wp’ = —(Deg)w’, (11

B, = (B,D - +,B, 4+ 1&,B,) v, ) (12)
B, = (B,D + 1k,B, + 1k,B)) v’ (13)
B, = (B,D + kB, + ik,B,) w (14)
+k,B, + 1h,B, = —DB,, | (15)

3. Ecuatia de dispersie. Printr-un procedeu analog cu cel utilizat in lu-)
crarea [1] ob’;mem din (7) st (8) egalitatea

aBaBe e ) Do’ +

_ ) D — (zk,B,B,, n

. “Da’kz

—Dp" = g D(poDw') —

powk®

(zk,,B,B, _ 1kayB,) D o [k,k,B“y n (ks — k) ByBy _ hkyhyBE
powk® fowk® powk®

DE,  (16)

woek® Howh?

unde ¥’ = 1kv’ — 1k, Aplicind operatorul D in. egalitdtile (12) s1 (13), tinind
seama de formele (21) s1 (22) (v lucrarea [1]) ale mirnimilor # $i v, obfinem

DB; = Lk D[B.D + (1k,B, + 1k,B,)1(tk,E’ + ik, Dw’) (17)
s )
DB, = —%;D [B.D -+ (ik,B, + ik,B,)](—k,E' + ik,Dw’). (18)

Tinind seama de (14), de (17) si de (18), ecuatia (9) capitd forma

5 kB3 ByByBy 1o pr o ,
—Dp = wpg’ + (u D: D2 2B p o BB p ik ik Do)
B VB‘ ’lka B kyB ’
+ [——F;WD2 + - mk,yD + ;iky D)(—zk, + k,Dw’) — (19)

_(%_f_zkyBy)[BDw + (ek,B, +sz)ZW]——(DPo)

o T

1Ega.hncl (16) si (19) obtinem ecua‘pa de dispersie pentru modelul de plasmid ana-
izat

D(PODw’) L E2 — k) D%’ — (21kasz + Z‘kyBsz) (D2 Dw +
Row? poBo?
4GBt BB (1 gy € (Do L, (20)
Low? w?
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Pentru cazul p, = const. ecuatia (20) capiti forma

(D* — B)(D*w' + B,Dw’ + v,@') = 0 (21)
unde
By = 2k o + 2kya, v, = — (k202 + k2a® + 2kk0%

f
.

E, B, i
Ecuatia de dispersie (21) generahzeazi ecuatule de dispersie cunoscute in litera-
tura de specialitate si care au fost obfinute pentru cazul unu cimp magnetic
fie cu o componentd [2], fie cu doud componente [1], [3], [4]

Cazury particulare 1 In cazul in care asupra plasmei actioneazi doar
o componentd axiala si umforma (fie B,, fie B,) constantele B,, y; capitd
valonile B, =0, v, =—_—”1;’§ﬁ'— pentru cazul B, #0, B, =0 si valoule:
1 z
R:B2 =0, y;B? = —R2B2 — pypow? pentru cazul B, # 0, B, = 0 si ecuatia (21)

se reduce fie la forma obfinuti de Chandrasekhar in cazul prezenter componentei
verticale a cimpului magnetic

(D2 — kﬂ)(Dz - ”_01:';_“’1) w' = 0, (22)
fie la forma objinutd de asemenea de Chandrasekhar in cazul prezenfei compo-
nenter axiale a cimpului magnetic

’ (D2 — 72)(opoo® + A2B2)w’ =0 (23)

in ‘amindoud cazurile s-a admis B, =0, 2 In cazul in care B, =0, B, #0
B, # 0, ecuatia (21) se reduce la forma (33) (v lucrarea [1])

(Intrat in redacfie la 30 aprihe 1981)

'
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SUR L’EQUATION DI DISPERSION POUR LE CAS DE L’INSTABILITE
MAGNETOHYDRODYNAMIQUE DE TYPE RAVLEIGH-TAYLOR D'UN PLASMA S0US
L’ACTION D'UN CHAMP MAGNETIQUE SPATIAL

(Résumé)

Dans le présent article nous voulons déduire V'éguation de’ dispersion pour le cas de V'ms-
tabilité magnétohydrodynamique de type Rayleigh-Taylor d'un plasma incompressible, non vis-
queunx, avec une conductivité électrique infinte, sous 'action d’un champ magnetique spatial et uni-

— —
forme B(B,, By, B;) et sous l'action d l'accélération gravitationnelle g(0, 0, —g)
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NOTE

ON THE GENERALIZED EIGENVALUE PROBLEM IN QUANTUM
MECHANICS

R. I. CAMPEANU and D. BUNAU

For any realistic quantum mechanical system described by the hamiltonn
H one can imediately write down a variational upper bound principle tor the
bound state .energies, namely, the Rayleigh-Ritz result. If the trial function
¢, contamns N linear parameters, this method leads to the N x N eigenvalue
equation ‘

(M — 2S)a =0 (1)

for which the sth ordered eigenvalue A,\is an upper bound on the elgen-
value of the ¢-th state'of the system In particular, for the ground state we
are 1interested in the algebraically smallest eigenvalue of (1) Both M and
S are real and symmetric having the matrix elements (p;Hq,) and respectively
(9,, ;), where ¢, are the terms in the linear expansion of ¢, The overlap
matrix S is in addition positive definite and non-singular. The matrix @ 13
the eigenvector corresponding to a particular value of A

The first step in solving the generalized eigenvalue problem (1) is the
reduction to standard eigenvalue form -

(4 — )b =0 2)

For this purpose a large variety of solutions can be considered and for a comp-
lete account the reader 1s directed to the paper ot Ford and Hall [1].
We shall consider in this paper only three methods which simultaneously
find all the eigenvalues

The most obvious algorithm 1s to invert S and to-premultiply (1) by

§-1 (S-M — al)a =0 (3)

This method has the major disadvantage that S—1M 1s not symmetric

The methods for retaining the symmetry depend on the fact that the
matrix S is positive definite. In this case one can use the existence of a square
\ 1

root matrix S? to write the L,owdin [2] decomposition

.

1 1 1
(5 *MS 2-u)b=o;b=s2a (4)

Alternatively we may use the fact that any positive definite matrix may be
\ written 1n the form.S = LL7, where L is a lower triangular matrix. We then
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have the Cholesky-Wilkinson decomposition [3]
(LIM(LT)-1 — A)c =0, ¢ = LTa (5)

The advantage of usimng any of these methods on the computer is given
by their speed and storage requirements ; the first method needs 4N3/3 multi-
plications, the second method 3N3/2 multiplications and the third one only
N3 operations [1] We have tested the two fastest methods, namely (3) and
__(5), on the antiprotou-hydrogen bound state problem [4]. The table gives
the eigenvalues for N =9 and the internuclear distance R = 1 au obtained
with the methods (3) and (5) It appears that in this case the non-symmetric
matrix S—1M is well behaved and has only real eigenvalues, although in prin-
ciple there 1s no guarantee on this matter

Table 1
method (3) — 4987 — 4926 — 4807  — 4781  —.4337 —.4073 —.2215
method (5) — 4985  — 4926 — 4825  — 4778  — 4337 — 4062 —.2215

method (3) 2691 .4993
method (5) 2692 4994

The agreement between the results of the two methods 1s very good for most
of the eigenvalues We expect however a deterioration of this agreement with
the increase of N On the other hand, the eigenvalue problem with method
(3) 1s slower than the real symmetric problem ot method (5) Our conclusion
is that the generalized eigenvalue problem can be solved most conveniently
with a Cholesky-Wilkinson decomposition

(Recetved October 13, 1880)
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ASUPRA PROBLEMEI GENERALIZATE A VALORILOR PROPRII N MECANICA
CUANTICA

(Rezumat)
,Sint comparate 3 metode de reducere a probleme1 generalizate a valonlor propru la forma

standdard. Rezolvarea pe computer a uner probleme cuantice concrete relevd avantajele folosirii
algoritmulur bazat pe descompunerea Cholesky-Wilkinson
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