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EPR SPIN IMAGING BY USING DIPOLAR FIELDS
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Abstract. — The paper proposes obtention of spatial paramagnetic resonance,

or spin imaging, by usmng a dipolar magnetic field created by a permanent |
magnet (or coil) having a moment of value m = 0,17 Am® The method is effi-

cient for paramagnetic centers having narrow linewidth, and for samples of small
dimensions. DPPH and Mo5+ 1n a glassy matrix were used The dipolar field may

also be used in NMR, to obtam images of protons or other nuclear spins.

.

Introduction. A great progress was achieved in magnetic resonance of late, -
concerning the spatial resonance transitions in magnetic fields with constant
gradients, along various uni-, bi-, and three-dimensional directions [1] This
new research field has determined the development of spin imaging techniques,
which, especially in NMR, are used as medical diagnosis method [2, 3]. i

Tha spatial transitions study in constant field gradients 1s very recent in
Electron Paramagnetic Resonance. Thus, K. Ohno [4] studied various radicals
in some frozen and irradiated acids, by using constant field gradients. S.S.
Faton and G R. Eaton [5] imagined simple experimental arrangements to
demonstrate how EPR may be used to achieve spin mmaging They used a Varian
E—9 spectrometer, in y hand, and as investigated substances DPPH samples
were chosen. s

The aim of this paper is to present the first spin imaging EPR measure-
ments, carried out at YTIM and at the University of Cluj-Napoca These studies
were performed by using the techmnique available at the two laboratories,
where spatial fields were added to the constant one, in order to get spin 1maging.
This time, the additional spatial fields were not constant gradients, but they -
had a dipolar structure, and we were the first to consider this experimental
possibility. Besides DPPH we used transitional ions, too, and most suitable,
giving remarcable results, was Mo%+ in an amorphous B,0;—Na,O type matrix.

Electron Paramagnetic Resonance with constant fieldt gradient. The basic
principle of spin imaging, or of spatial transitions with constant gradients, con-

sists in that the resonance frequency is a function of T having the form
v(@) = £ B (1)
where B(r) consiats of constant field B,, and constant gradient G = ?— chosen
T

along an arbitrary direction, so as
Bf)=B,+G-T (2)

® University of Cluj-Napoca, De ment of Physics, 340 Cluy-Napoca, Romania
& ITIM —Cluy-Napoca, 3400 Cluj-Napoca, Romania
*o% Unsversity of Bucharest, Faculty of Physics, Romamia
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Fig 1 Experxmental scheme for obtamung unidimen- TFig 2 EPR spectrum for two DPPH
tional spm imaging The two capillaries are ortented  samples (a) shows the Imeshape without
along the z axis, that 1s the field gradient direction. B, the field gradient application, (b), (c)
is the constant magnetic field, along the xlaxis, and B, and (d) show the lmmeshape for the DPPH
and B, are the filed gradient contnbutxons at the sites samples at 09, 3 and 5 mih distances

1 and 2 where applied capillaries are placed | from each other The field gradient used
was about 27 gauss/mm

The resonance spectrum obtained for this ‘field configuration coiresponds to
a proiection of the spin density of the substance, on the axis detined by field
gradient vector G The expeitmental device 1s presented in Fig 1 [6].
A suggestive example concerning the spin imaging results 1s given m Fig. 2,
Here, the ERP signals for two DPPH samples, disposed 1 capillaries at diffe-
rent at different distances of 09, 3 and 5 mm .to each other, are shown
In the field gradient absence the two spectra superimpose In presence of the
field gradient the spectra progressively separate, as the distance between the
samples rises [5]. This may be seen in Fig 2, too

Eleetron Paramagnetic Resonance in magnetlc fields with dipelar strueture,
For realising, in our study, a spatial disttibution of the rcsonace frequencies,
or of the resonant fields, a dipolar field of a permanent magnet superimposed
on the B, field was used Under such cucumstances, the resonance condition
may be written as ‘

h(?) =°e[30+ﬂ(~@+3—";'?’ ?'J] 3)

15
where T.1s the distance from the permanent magnet center to the sample site,

and m is magnetic dipole moment of the permanent magmet, having the value
of 0.17 Am?2. The scheme of this experiment is presented in Fig. 3.
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As 1t can be seen, the permancnt magnet field
lines superimposa'the By, tield lines (Fig 3 a)
The intensity of the permanent maguetic
field 1s expressed by the second term in the
right side of relation (3) Its distance depen-

- N
dence may be observed in Fig 3. b lor r Sy
vaiymg along the dipolar axis In thgse N ‘M;}:E S
conditions, the second term in the right side | © Nelain™
of equation (3) becomes V

By — o 2m (4) 54

We obtained two sample holders for study | b
mg DPPH and Mo — compound in the mag-
netic tield These teflon holders, are presented
mm Fig 4 The device used for the spin ima-
ging study of DPPH contains four unarrow
channels having 0,5 mm in diameter, and
disposed 1n the same plane, at equal distances ;4 3 (a) Diagrams for obtaining
of 2 mm from each other (Fig 4 a) The holder  the BPR spi1 1magmg in a magnetic
used for the Mo-glass 1s 1n such a way con- field having dipolar structure (b) Dist-
structed that allows to stick two tiny glass angfegcee%e%d“}c‘}’; of rze m‘;g‘:;:“’ ::eld
samples in the same plane, at 3 mm distance 7 Fhe permanent maghet.
from each other (Fig 4 b)

For begining, we introduced these special shaped holders in the resonant
cavity of the spectrometer, so as the samples containing plane be parallel to
the constant field B, lines, as 1t may be seen 1n Fig 3 a The field at each
sample site may be determined by using the law reprezented in Fig 3. b Then,
the samples containing plane was orriented to be perpendicular to the B, field
lines in the resonant cavity, so as, this time, the law of the dipolar field varia-
tion at the|sample sites is gitven by the second term on the right side of
relation (3) In a more simple form, the mentioned terin becomes

i
1
'
47 bl i
!
|
1
1
1

By = £2 % (3cos® 6, — 1) (5)

47 1

where 1 = 1,2, 3, 4 for DPPH and 1 = 1, 2 for Mo For a better understanding
of the values entering imn relation (5), Fig 5 must be observed

Beside the above described experiments, concerning the spin imaging in
dipolar fields, other experiments were done when the field vaiiation was appro-
ximately constant, but its direction was perpendicula: to field B, Some bidimen-
sional spin imaging were thus obtained This condition was achieved without
a permanent magnet, by outward displacement of the 1esonant cavity from
central region of the static magnetic field, where a pronounced field gradient
exists. This may be considered constrant along a region of about 1 cm

Experimental results. By setting the DPPH 1 the cavity, with the

samples contammg plane parallel to the B, field lhnes, the 1esonance spectrum
shows four lines, the distance between them varying according to relation (4)
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Fig. 4 .Teflon devices for obtaining the spin
imaging: (a) for the DPPH samples; (b) for the
MO8 +-glasses

J

Fig 5. Diagram of the experiment of intro-
ducing the DPPH samples in a plane perpen-
dicular to the B, magnetic field lines

If the plane of the four samples isnow perpendicular to the B, field lines
in the cavity, according to the relation giving the dipolar field, a single line
is never obsrrved More Ilines will be obtained, two in the most fortunate
case, when one succeeds to align the magnetic field axis exactly to the middle
of the four orifices of the holder. In any case, the distance between the lines
becomes smaller, then in the previous case and our performance is that of three
lines, obtained closer together. The two situations are presented in figure 6.

We had less success in the dipolar spin imaging of Mo, because the 1/r3

dependence of the dipolar field, the weak magnet intensity, and the large
linewidth, at the two samples site, insensible to their position, caused no se-
paration of the two signals at field vamation, but only a slight modification
of the line-width. By passing from a position parallel to the B, field lines,
to the perpendicular one, a 10 gauss variation of the Mo®* linewidth was
noticed. A greater succes was obtained for Mo, when the spatioal transitions
were studied 1n an approximatively constant field gradient, for displacing the
cavity out of the space between the poles of the electromagnet. This case
was already mentioned and the field gradient varies perpendicular to B, In
this case the resonance spectrum consists in two lines when the samples are
in a plane perpendicular to By, and a single line when they are in a plane
parallel to B, This situation is given in Fig. 7.
It can be easily seen that a great gradient makes the lines be splitted, though
Mob* linewidth is about 50 gauss when the field gradient is missing. In that
last case the fact that the field gradient is constant is confirmed by the spin
imaging of DPPH On can see in Fig. 8 that for sitting the four DPPH sam-
ples device perpendicular to the B, filed lines, the signals are equally spaced,
and for disposing the four samples plane parallel to B, a single line is ob-
tained.

Conelusions. For both DPPH and Mo, spin imaging in dipolar field and
constant gradients fields were obtained. For all we know, the spatial transiti-
ons in dipolar fields and their images were nowhere discussed, and these for
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Fig. 6. Spectrum obtamed after Fig 7 Spectra obtained for Mos+-
placing the DPPH samples 1 the glasses m an aprox constant filed
cavity: (a) m a plane parallel to gradient (a) the samples are dis-
the B, filed lines; (b) perpendicular posed in a plane perpendicular to the
on B, lines B, field lmes (b) the samples are

dxsposed m a plane parallel to B,

f

DPPH in constnt gradient fields in our 'country were studied for the firs
time by us in Cluj-Napoca, and the international literature on this problem
contains only the paper of S. S Eaton and G. R. Eaton [5] The disadvan-
tage of the proposed method lies in its limitation to very small spaces 1in
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Pig. 8. Spectra obtained for DPPH in a constant field gradient*
(a) the sample plane lies perpendicular to the B, fi eld lmes.
(b)the plane is parallel to the constant field lines.

i
the cavity, due to the microwave technique used. The same procedure may
be applied, perphaps more efficiently, for.obtaining the spin imaging by the
dipolar spatial field method in the nuclear magnetic resonance.
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REGENERAREA ELECTROCHIMICA A CATALIZATORULUI
DE Pd OTRAVIT CU COMPUSI DE SULEF

FELICIA BOT“‘\*, R. V. BUCUR**

Intra in redacpre la” 22 martie 1985, ac'ce[ztali la 12 august 1986

ABSTRACT. — Electrochemical Regeneration of Palladium™ Poisoned with
Sulphur Compounds. Adsorption of tiourea (THU) on Pd electrode surface 1s
presented using an anodic oxidation with a linear sweep voltamnetric techmque
The method 1s suitable to obtam the catalitic regeneration properties:of palla-
dium electrode surface '

In ultimii ani, pe plan mondial se manifestd un interes crescind pentru
hidrurile metalice in probleme de stocare s1 transfoimare a energier [1] Prob-
lema cea ma1r umportantd care se pune este durata de viaji a uner hidrurt
metalice In general, menfinerea unur catalizator In stare perfecti de functio-
nare este o chestiune foarte dificild Se constatd frecvent cé catalizatorit uti-
lizati in' aceste scopurt prezintd, dupd un timp de functionaite, un fenomen
de imbitrinire, care reduce mult activitatea lor catalitici In timpul operatiel
catalitice au loc o serie de procese fizice s1 chimice care tind si anuleze centrii
activi, sau sid Iingrddeascd accesibilitatea lor Reducerea activitdtii catalitice
poate avea loc fie printr-o reducere a centrilor activi piin fuzionarea parti-
culelor fazei active, fie o reducere a lor datoritd curentuluir de gaz care poate
disloca par§i de pe suprafata catalizatorulws, fie ci faza activd de la supra-
tatd interacfioneazd cu suportul siu, scufundindu-se de-a dreptul in el g1, in
sfirsit, se pot adsorbi la suprafata catalizatorulut diverse componente, ajun-
gindu-se in final la excluderea unor evemimente catalitice vitoare

Dintre aceste procese de deteriorare, menfionate mai sus, numat ultimul
din ele este definit ca otrdvire catalitici in sensul strict al cuvintului. Intr-o
definitie ma1 largd, otrdvirea include, de asemenea, depunerea de substantid
din exterior in mod direct pe suprafata activd din punct de vedere catalitic,
sau, mai concret, la intrarea canalelor sau porilor suportulur pe care faza ca-
taliticd este dispersati Aceste depozite opresc accesul la un intreg ansamblu
de centri activi In ambele cazuri, rezultatul este acelast descresterea acti-
vitdtn catalitice, ca urmare a cresternn procesulur de dezactivizare - Otrdvirea
este un aspect specific deosebit de 1important, cu consecinte tehnologice si
chiar economice. Pe misurd ce tehnica a avansat, problema otrdviru catall-
zatorilor s-a ameliorat, cantitatea de substantd contaminatd descrescind cu
ordine de mdrime prin mérnirea gradulur de puritate al substantelor utilizate [2]

. Se stie ed hidrogenul obfinut prin procesul de electiohzd contine urme de
sulf, prin aerosolii antrenafi dm solufia de acid sulfuiic Efectul prezentei sul-
fului pe suprafafa unui-electrod din paladiu a fost ilustrdat prin mdsurdtor:

-

® Unuyersitatea dsn Cluj-Napoca, Facultalea de frared, 3400 Cluy-Napoca, Romdnia
%* ITIM — Ciuy-Napoca, Romdniaz



10 F, BOTA

de desorbtie galvanostaticd a hidrogenului dintr-un electrod de paladiu neotra-
vit si otrdvit cu sulf provenit din tiouree, cysteini, Na,S si CS, [3]

Prezenta compusilor cu sult pe electrodul de paladiu afecteazi de asemenea
si reactia Volmer anodicd [4], modificindu-se parametrii cinetict

Se trage concluzia cd prezenta urmelor de sulf impurificd suprafata electro-
dulur de paladin, ceea ce duce la descresterea activittdtii catalitice Se pune
deci problema de a gisi mijloace adecvate pentru regenerarea catalizatorului

O metodd deosebit de eficientd este metoda voltametrier la tensiune liniar
variabild (VILV) [5] Misurdtorile s-au efectuat cu un sistem electroanalitic,
Electroscan TM 30 (Bekman), utilizind o celuld termostatatd,in care se afld
solufia 0,1 N H,SO, st tret electrozi electrodul de lucru (Pd), electrodul de re-
ferintd (e nh ) si nu contraelectrod (Pt), in atmosferd de argon, la 25°C Otra-
virea electrodului s-a ficut in mod controlat, in solutit de tiouree de diverse
concentratii, timp de 5 secunde. Dupi otrivire, electrodul este ‘spilat cu apd
dublu distilatd, pentru a se inlitura urmele de solujie. Acest electrod, care are
sulf adsorbit pe suprafata sa, este supus unut proces de oxidare anodicd la o
tensiune liniar variabili, de la valoarea de echilibru, pind la 1,6 V in regiunea
anodicd s1 apol o revenire in sens invers pind la 0,3 V in regiunea catodica.
Curbele potential-curent s-au inregistrat la o vitezd de 20 mV/s. Dupi acest
ciclu aplicat, electrodul a fost scos dm celuld, spdlat cu apd dublu distilatd
i reintrodus in celuld, unde se asteaptd stabilirea unu non ech111bru dupd
care se rela un nou ciclu, descris mai sus, s.a.m.d.

. THU 2407 M
THY 5.0
4\ / K%
»
THY 18 M THU S10°M
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Dupi citeva asemenea cicluri se constatd cd oricit s-ar repeta aceastd
operatie, se obfine o aceeasi curbd, procesul devenind absolut reproductibil.
Aceasta indicd .faptul cid substanja adsorbitd a fost complet Inldturatd de pe
suprafata electrodului, restabilidui-i-se acestuia caracteristicile pe care le-a avut
inainte de a fi otrivit. Prin Insumarea ariilor obtinute in' procesul anodic se
poate calcula sarcina electrici consumatd in procesul anodic, méirime care
permite evaluarea cantitdfii de substantd adsorbitd pe suprafata electrodului

In figurd sint prezentate curbele inregistrate pentru patru concentrafi
diferite de tiouree (THU) Dupid cele trei cicluri descrise, electrodul de paladiu
este curat. Se observi ci arule In procesul anodic cresc cu méarimea concentratiei
solutiei, fapt care aratd o crestere a gradului de otrédvire a suprafafei electrodului
In felul acesta, metoda permite evaluarea cantititn de substand adsorbitd,
determinindu-se gradul de acoperire a suprafetei, 1ar pe de altd parte, prin apli-
carea unui numar de cicluri repetate VTLV, se objine regenerarea suprafefe:
electrodului, restabilindu-i-se toate caracteristicile initiale

©
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'

ABSTRACT., — Title Determmation ol Ancient Coms by a Neution Activation
Method. The silver concentration of 40 Roman and Gieek coms (70—250
A C) was determied by using an Am— Be neutron source for activation analysis
The silver concentration shows a maximum arround tle year 110 A C which
corresponds to the flourishing period of the Roman Fnpire after the Dacian
wars Also, the measurement by gamma spectrometry may lead to smgling
ouf the forged coms

Introduecere. Studiul confimutulul in metale pretioase a unor relicve antice
(monede, obiecte de podoabd, obtecte de cult, etc) este util in ceicetiiile de
arheologic, putind da mtormatu despre perioadele de intloiwe sau de decadenta
economicd a unei cpoct istorice date Studiul intregulur spectru al compozifiel
elementale s1 mai ales determinarca impuiitdtilor poate aduce doves privind
sursele de matern prime (fier, cupru, argint, aur ctc) utilizate de administratia
perioadei respective [1-6]

Din cauza valorit artistice si1 istorice a monedclor, ele nu pot f1 deterio-
rate sau distruse, ceea ce implicd folosirea metodelor de analizd nedistructive.
Folosirea analizer de suprafatd nu este 1eprezentativd in toate cazuiile deoa-
rece in decursul timpului momnedele pot sufery fenomene de coroziune electro-
chimicd ceea ce duce la o imbogitire in metale nobile a supiateter (Au, Ag)
in tump ce cclelalte elemente ist vor diminua concentrajia [6]

Determinarea compozifiei clementale a citorva monede existente la Muzeul
de Istorte al Tranmsilvanter a fost ficutd <1 anterior [7], folosindu-se metode
chimice 1 spectroscopice distructive

In lucrarea de fati a lost determinati concentrajia argintulum (titlul) to-
losind metoda analizer prin activaie cu neutront termict pentru un set de 40
monede antice, romane g1 grecesti, gasite pe terttoriul Roménier s1 emise inainte
$i respectiv dupi cucerirea Dacier S-a fdcut g1 un studiu calitativ al elementelo:
majoritare insofitoaic argintulut prin spectrometrie de fluorescentd in raze X [8]

Metoda experimentald. Determunarea titlulut argintulmr s-a facut deter-
minind cantitatea de argint din ficcare monedd $1 impérfind aceastd cantitate
la masa moneder In acest scop s-a folosit tehnica analizcl prin activare cu
neutroni cuplatd cu o metodd gama-spectroscopicd Cele 40 de monede st eta-
lonul au fost iradiate in condiju tdentice inti-un flux de neutroni termict pro-
venift de la o suisd de Am—Be [9] Ca etalon s-a folosit o probd de Ag pur

* Uniwessilatea din Clug-Vapoca, Facultatea do fizicd 3400 C wj-Napoca, Romdstia
« Institutn de Telmologie Izotopiea su Moleculaid, 3400 Clug-Napoca, Romidmg
S8 Muzewl de Istorie al lianstleanmier, 3400 Cluj-Napoca, Romenia
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(m = 2,036 g) de forméd si masd apropiate modelelor analizate Asezarea iden-
ticd in flux a probelor s-a realizat cu ajutorul unuw dispozitiv avind posibi-
litatea de fixare a probelor (piin plasturizare) s1 a acestuia in canalul in care
se face tradierea Cer doi 1zotop: stabili ai AO au fost activati prin reactiile :

9Ag + on — 'DAg (T =24 min); " JAg (I' =5 am) (1)
PAg 4+ on - "PAg (T =245). ""BAg (T = 253 zile) (2)

La dezintegrarea beta a 1°8Ag s1 a 9Ag pe lingd particulele B sint emise

st mai multe energii gama obtinindu-se in fmal 'gPd, '%Cd wu respect1v 43Cd
in stdri fundamentale Figura 1 reproduce spectrul gama obtinul in cazul ira-
diernn timp de 20 min a etalonulur Spectrul s-a ridicat folosind un analizator
cu 512 canale de tip NTA—-512M cuplat cu un detector Gel: de tip Kovo
R 327—1 avind un volum util de 30 cm® $1 o rezolutie de 2,3 keV pentru
picul de 662 keV al 137Cs

Dupd cum se observd din relatiile (1, 2) folosnea unor timpi de 1radiere
mai lungl este nejustificatdl, deoarece perioadele de injumaititire a celor doi
1zotop1r formafr prin activare sint de 2,4 min pentru 108Ag st de 24 s pentru
A TFtalonarea spectrulun din Fig 1 s-a realizat folosind surse etalon de
2IAm, B7Cs g1 $%Co Dupd cum sc observd pe acest spectru cele mai repre-
zentative fotoplcun 1dentificate sint cele de 430 keV si 620 keV pentru %Ag
st cel de 660 keV pentru °Ag, energii gama indicate st In literaturd [10].
) Incercarea de a determina concentratia argintului din monede folosind
aceste fotopicurt precuin s1 conditiile optime de iradiere, récire si mdisurare
ne-a, condus la concluzia cd pentru a obtire rezultate cu un grad "de precizie
sub 5% sint necesare fluxuri de neutroni de 10—20 ori mai mari ca cel dat
de sursa de Am—Be avutd la dispozifie. Din aceastd cauzd, aceastd cale a
fost abandonatd, insd rezultatcle obfinute precum s spectiul din Fig 1 ne-au
oferit o 1esire dm aceastd situafie Dupd cum se observd pe acest spectru doud
din cele trer energit mai importante emise la activarea argintului apar destul
de grupate in intervalul 600—680 keV Aceasti grupare a sugerat folosirea

-3
,
s
-— - n
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[
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w ~ @ @
S > 2 e
5 e 3 ¥ Y
2l b3 ~z 3 <
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= 2

=]

Energie  {keV)

Fig 1 Spectrul etalonulut obfinut cu detector Gela
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E (kev) in locul detectorului Ge—Ii a
800k unui detector cu scintilatie
. 720 keV e NaI(Tl) care are o eficacitate
LA {/7%_/25/7/7'7;7/;7%@}0 ke~ de 6—8 ori mai mare pentru
w0 L L L Ay, aceste energn sia misurkrii vi-
<0k 550 kev v % tezel de numirare sub ambele
4 fotopicuri simultan. In acest
400 A é} scop s-a folosit un spectrometru
300 o gama monocanal de tipul RET
200 é 20120 cuplat cu o sondi scinti-
% o latoare avind un cristal de

100 2

Na(T1) de dimenstuni 45 X 40 mm.
Spectrometrul a fost operat la
o tensiune de 870 V pe foto-
Fig. [2. [ Etalonarea spectrometrulm monocanal RFT multiplicator si In conditii de
20120 . amplificare optimd. Pentru etalo-
. nare s-a folosit energia de 662 keV
a 1%7Cs’si energiile de 295%keV, 3521keV 51 609 keV a pechblendei [11]. Pentru mic-
sorarea fondului, misurdtorile au fost efectuate cu sonda scintilatoare si proba
inchisi intr-un turn de plumb Folosind aceste energii a fost ridicatd dreapta
de etalonare din Fig 2. Fixind pragul analizatorulu la valoarea 3,4 V si ope-
rind cu lirgimea ferestrer de 1V, corespunzitoare unui domeniu energetic de
170 keV se va acoperi dupi cum rezultdi de pe figurd domeniul energetic
550—720 keV, domeniu care include cele doud picuri de 620 keV si 660 keV
ale argintului. ~
Pragul a fost fixat la valoarea minimd de 550 keV (3,4 V) si pentru a
evita pitrunderea picului cu energia de 511 keV a cuprului pe care l-am pre-
supus ;ca posibil aliat al argintului in monede [8].
Misuritori si rezultate. Cu ajutorul metodei descrise mai sus am determinat
concentratia argintulur din cele 40 de monede in doud serii de misuritori.
Concentratia, in procente de greutate, a fost determinatd cu relafia :

N
AN
z

o/ _ Me Ay — F .
(%) AT F 100 | (3)
unde : :
m, = masa etalonului (2,036 g);
m, — masa monedel (1,7—4 g);’
4,, = numirul de impulsuri inregistrate in prezenfa monedei in intervalul
550—720 keV;

A, = numirul de impulsuri Inregistrate In prezenta etalonului in acelagi

interval si acelasi timp;

F = numairul de impulsuri datorat fondului in intervalul de mai sus.

Pentru a gisi titlul monedei concentratia din relatia de mai sus (3) se
.multiplici cu un factor de 10. Atit monedele cit §i etalonul in timpul masurd-
torilor au fost lipite de fereastra de intrare a scintilatorului asigurind astfel
o geometrie de misurd cu eficien}d maximi (=~ 2x). Cele doui serii de misu-
ratori s-au efectuat dupd urméatorul program:

Seria I: timp de iradiere, #, =8 min'; timp de récire 4, =25 s; timp
de misuri £, = 4 min.
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Seria II: timp de iradiere, £, =2 min, timp.de ricire f, =20 s; timp.
de misurd, £, = 1 min. )

Misurétorile din prima serie au urmdrit si prinda cit mai multe impulsuri
atit sub fotopicul de 660 keV, cit si sub cel de 620 keV, dar din cauza fon-
dulmt ridicat (= 300 imp/4 min) mdsurédtorile din aceasti serie sint afectate
de erori mari (~ 10%) Raportul dintre viteza de numdirare a probei i a fon-
dulu1 estelin acest caz unitar. Seria a doua de mdisuritor: a fost efectuatd in
scopul mdririi raportului semnal-zgomot (activitatea probei/fond), redu
cind totodatd si timpul total necesar analizei unei monede, 4, 44, + fn,
la 3,5 min fatd de-12,5 min in cazul prime1 serii In aceasti a doua serie s-a
urmarit prinderea unut numdr cit mai mare de impulsuri datorate picului de
660 keV cu timpul de injumitdtire de 24 s. Acest lucru s-a realizat prin re-
ducerea la limita posibilului (15—20 s) a timpului de rdcire, timpi mai scurti
fiind accesibili numai in cazul folosirii unei poste pneumatice. Raportul dintre
activitatea monedei $1 activitatea fondului s-a ridicat in acest caz la valoarea
de 2,5 §i deci rezultatele din aceastd serie sint afectate de erori, mai mici (~59%).
Numirul de impulsuri, 4,, din relapia (3) este media a 3—5 misuratori iar
pentrt A, si F au fost efectuate cite 10 misuritori. Stirile metastabile ale
argintului, 198mAg si °=Ag au o contribufie neinsemnatd in spectru atit din
cauza sectiunilor de activare mai mici [12] cit mai ales din cauza perioadelor
de Injumitdgire mari (1,2) Pnin alegerea intervalului energetic considerat
sint excluse fotopicunle izotopilor ®Cu si ®Cu, activate odati cu argintul.
Eventuala contribujie in acest interval, prin efect Compton, a energiilor $Cu
mai mare de 720 keV este micd datoritd sectiunu de activare cu un ordin
de mirime mai micd decit a argintului, pe de-o parte, $1 pe de alti parte
din cauza factorilo de schemd foarte mici a1 acestor radiatii [12]. De ase-
menea izotopii fierwal susceptibili de a se activa, ®Fe g1 %Fe pe lingi sec-
tiunile de activare mici au §i abundente izotopice mici $i de asemenea timpi
de Injumititire mari

Izotopii plumbului, dupd cum se stie se activeazd foarte greu. Energiile
gama emise la activarea aurului, si care se preteazd g1 el la determiniri can-
titative prin aceastd metodd, fund inferioare intervalului energetic considerat
nu produc interferente la determinarea argintului O eventuald sursi de erori
pe care o semnaldm aici se poate
datora cantititilor diferite de bor
si cadmiu din monezi §t etalon
si care din cauza secjiunilor de
absorbiie foarte mari pot absorbi 4
o parte din fluxul de neutrom
destinat activarii argintulm

Contribujia nesemmnificativa
a altor elemente activate avind
perioade de ' injumitafire de ,
acelagi ordin de mérime cu cele - i o
ale argintului, in intervalul ener- c -
getic considerat, este exclusi 1
dupd cum rezultd si din
Fig. 3. Fig. 3. Variatia in timp a actrvitifin monedei nr, 1,

Sr

; tis)
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Aceastd figurd reproduce sciderea activitdfit.in timp pentru una din mo-

Perioadele de Injumititire determinate din aceastd figurd’
de 25 mmn §i respectiv 26,8 s corespund celor doi 1zotopi ai argintului.

Folosind relatia (8) cu An 4A.s1 F méaswate in condifitle descrise s-au
objinut pentru concentratiile de argint din cele 40 monede analizate valorile

din Tabelul 1
‘ Tabel 1
Valorie concentratiei argintului in procente de gieutate din cele 40 monede .
Concentratia - o
o, - on-
:\Ir’cr Moneda (provemienta) (%) — gfc , Moneda (provenienta) centra-
A Seria Seria tia (%)
I I <
1 Denar, Antomnus Pius 86 89,4 21 Denar, Severus Alexander 78
(140—143 en) o (222—228 en) i
2 Denar, Caracallax 56 57,6 22 Denar, Caracalla 77
(196—198 en) (196—198 en) .
3 Denar, Lucius Verus 88 96  23. Denar*, FElagabal 45,5
(166 en) . (218—222 e n.)
4 Denar, Marcus Aurelius 80 79,9 24 Denar, Antonius Pius 79,5
(168 en) (140—143 en)
5 Denar, Geta (209 en) 80,1 85,5 25 Denar, Srptimus Severus 91
(196—197 en)
6 Denar, Septimius Severus 77 79,4 26 Denar, Vespasianus (74 en.) 90
(198—200 en)
7 Denar, Traanus (114—115 en) 96,7 98,6 27 Denar, Domitianus Caesar (79emn) 3
8 Denar, Vespasianus (74 en)x 82 86,8 28 Antommian, Philippus II 74,5
(244—246 en) !
9 Denar, Tratanus (102 en) 96,6 96,3 29 Denar, Severus Alexander 5
(231—235 en)
‘10 Drahmd, Dyrhachmum (sf sec 91,8 91,9 30 Denar, Caracalla (207 e.n) 79
: IIT ien) - T
11 Denar, Tralanul 108—111 en) ~100~100 31 Denar, Septimius Severus (201en) 80
12 Denar, Caracalla 93 91 32 Denar, Tiaianus 12
(206=—210 en) (114—117 en)
13 Drahmi, Dyrrhachium 84,3 83,3 33 Denar, Hadrianus 72
(sf sec, XIT fen) (119—122 en)
14. Antominian, Philippus IT 51,8 44 34 Antonmian, Philippus I 4
(244—247 en) (248 en.)
15. Denar, Hadrianus 85 84,8 35 Denar, YLucilla 2
(128—138 en) (161—180 en)
16. Denar, Traianus 97 95,2 36 Denar, Hadrianus 92,5
(102 en) (125—128 en)
17 Denar, Traianus 90,2 91,6 37 Denar, Severus Alexafl?lq.r (222en) 79
18 Denar, Caracalla 68 66 38 Denar*, Iulhia Paula 87
(207 emn) (218—220 en) '
19 Denai, Severus Alexander — 65 39 Antominian, Hostillianus 49,5
(222228 en) - (251 en)
20 Denar, subaerat, Antonius - 10 40 Denar, Severus Alexander 36

Pius (147—148 en)

(227 en)

* Emise de monetina din Antioclua [13] [15]

Discutii. Monedele 1—20, adici cele din partea stingd a Tabelului 1 au
fost gisite in castrul roman de la Gherla. Acest grup include 16 denari,
2 drahme grecesti din sec. IIT fe.n, un antoninian §i un denar subaerat (mo-
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nedd de cupru placatd cu argint). Dacd comparim cele doud coloane, cup-
rinzind concentratiile determinate in cele doud serii, se observi o concordanti
buni intre valorile obtinute. Diferentele mai marn semnalate la momnedele 3,
5, 8, 14 nu sint semnificative find in limita erorilor statistice si avind in ve-
dere cd rezultatele din prima serie au o precizie in jur de 89, iar cele din
seria a doua de =x59%,.

Daci nu ludm in discujie denarul subaerat acest grup de monede nu cuprin=
de nici un fals, lucru de inteles dacd avem in vedere pozifia armatei in imperiu
si faptul ci in castru majoritatea locuitorilor erau soldatt O valoare mai slabi
o prezintd monedele nr. 2 si 18 din timpul impératului Caracalla in timpul
ciruia a fost adoptatd si o reforma momnetard prin introducerea unei momnede
noi ,,antoninianul” (1 antoninian = 2 denari). Toate monedele romane desco-
perite in castrul de la Gherla au fost emise de monetiria din Roma [13]. °

Monedele din partea dreaptd a tabelului 1 (21—40) au fost descoperite
la Ulpia Traiana Sarmizegetusa si cuprind in prezentarea istorici inifialy 17
denari st 3 antoninieni. Doud din aceste monede (nr. 23 si 38) sint emise in
Siria, la Antiochia, iar restul la Roma In afari de moneda nr. 32 (cag=12%)
emisi in timpul domniei lui Traian §i care este recunoscutd de istorict ca un
fals antic apar in plus §i unele neconcordanfe care vor trebui elucidate
in viitor de citre istorici in legitur® cu monedele nr 23, 27, 29, 34 si 85.
Astfel moneda nr 23 care este un denar emis la Antiochia are o concentrafie
de argint micd, sub 509 s5i s-ar pdrea ci pune intr-o anumiti lumini relafia
dintre monetdria din Roma $t cea din Antiochia. Monedele nr. 27, 29 st 35
sint in mod sigur fie falsuri, fie confuzii istorice. Acelast lucru se poate spune
si despre moneda nr. 34 care este un antoninian Ceilal{1 do1 antoninien1 (28
si 39) la fel ca gi antoninianul din prima serie (nr. 14) au valori ale concentra-
tiei argintului mai mici decit denarii. O concentratie 1nici a argintului, si

Ag TRAIANUS o - CASTPUL GHEWes

c% RAEZng‘CIELE o - SARMISEGETUSA

100+ ’rg—., - ~ .

. 90:3/ *
} . o

%0 | < '

0k 7 C°
T eof

1 S ‘1,
{ 't , o
f 2.
, ® FALS ANTIC
RPYN ¢ J[RECUNOSCUT DE 1STORIC
I A o -DENAR SUBAERAT (FALS) FA. SURL

* _FALS :

| 9 _ i | A ST U SRR NI TN 0L~ 0 W J N SR

0 T Y
“ 70 80 %0 100 1) 120 130 O 150 160 10 1BC 190 200 210 220 230 21D 250 50
. ) ANUL EMITERI (e n}

Fig. 4. Evolujia in timp a concentratiei argintului din monc¢ dele antice
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carte face o notd discordantd fajd de alte monede emuse in aceeasi perioadd
si sub acelasi fmpérat, o prezinti moneda nr 46 (369, Ag)

Comparind monedele din castrul de la Gherla cu cele de la Ulpia Traiana
Sarmizegetusa se observad cd in cazul Ulpiei Traiana apar mai multe situatii
Astfel se constati cd in cazul monedelor de la Ulpia Traiana apar falsuri
si Incd intr-o proportie destul de mare De asemenea existd o- gamd mai largd
de vanaj:le a concentratel argintulut la monedele dm capitala provinciei. Dacd
avem In vedere ci centrul administrativ al provinciei era si un important
centru comercial, vartetatea mai mare a monedelor de aict este intr-un fel
justificatd. Reprezentind concentratia. argintulur in funcfie de anul emteri
pentru cele 38 de monede romane se observd o curbi cu un maxim in jurul
anulut 110 en. (Fig 4) maxim ce coincide cu perioada de maximi dezvoltare
a Impermulut Roman din timpul domniei lui Traian .

Acest maxim, dupid cum se observd pe figurd este imediat urmaitor cu-
ceriri Daciel de cdtre Traian, cind dupd cum se stie aurul s1 argintul Daciei
au luat drumul Rome1 [14]. Vom semnala, de asemenea, valoarea slabd a doud
din cele patiu monede analizate $1 care au fost emise in partea a doua a dom-
nier It Severus Alexander, perioadi in care se semnaleazd de altfel si ince-
putul declmmului Imperiulu1 Roman
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ABSTRACT. ~ The present work investigates excitation of the small ampl-
tude axially symmetric whistler mode 1n a bounded warm relativistic electron
beam-plasma system with cylindrical geometry, mn an external magnetic field
Oscillation frequency and growth rates have been found for whistler, 1n a cylmn-
drical plasma waveguide with a low density beam moving near the axis, It is
found that the whistler mode can be excited only by cyclotron resonance under
anomalous Doppler effect condition. A temperature correction in the growth
rate was obtained.

Introduetion. As previously shown, the passage of an electron beam through
plasma, in the absence or presence of an external magnetic field, gives rise
to instabilities [1 — 4]. It is known that, at v, > w, > ®, in an infinite plasma
a branch of oscillations usually called whistler can be excited [1]. A similar
branch of oscillations may be found for a bounded plasma [5—6].

The dispersion relation for the whistler modes, excited in a bounded sys-
tem of a cold magnetized plasma penetrated by a cold nonrelativistic electron
beam could be obtain using the general dispersion relation describing the bulk
waves [5—6]; by solving this dispersion equation expressions for frequencies
and growth rates of the whistler waves in the bounded system were determined
[6—6]. These instabilities can appear in a cylindrical cold nonrelativistic elec-
tron beam-cold plasma system only under cyclotronic resonance (w, = &k, v, —
— @,), in the condition of anomalous Doppler effect. Because experimentally
it is very difficult to obtain a monoenergetic beam and even an initially cold
beam turns into a warm beam as a comsequence of its quasilinear relaxation,
the aim of the present paper is to investigate the possibility for excitation of
axially symmetric whistler waves in a cylindrical geometry, considering a warm
relativistic electron beam and a cold magnetized plasma.

Derivation of the Dispersion Relation. The cylindrical configuration consi-
dered will consist of a perfectly conducting guide of radius R filled with cold
plasma, with a coaxial warm relativistic electron beam of radius »{R > »), and
an external magnetic field applied along the axis of the guide. The density of
the beam is assumed to be small compared to plasma density, thus & = #n,/n, <
<1.

The important steps for derivation of the dynamic dispersion relation for
bounded geometry have been presented by Kitsenko ef al [5] for cold nonrela-

* Umverssty/pof Clus-Napoca, Department of Physses, 3400 Cluy-Napoca, Romania
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tivistic electron beam-plasma system. It has been found useful to write the
expression for the dielectric tensor e, in an invariant form

2 b B
s,_7=cl—b—2— 81]+—2'kl.kj+ €+ 6— /7/I+’d+f_—
A2

z 5] & z z

—

oo 1 L [ X E), — By (F x T +f; (F x 1) (k x ), (1)

z -4

where 7 is the unit vector directed along external magnetic field EO, ke =k
vk, B =k — B, 3, is the Xronecker symbol, and ¢, is a complete
antisymmetric tensor of the third order The expression for coetfficients a, b,
Cyy €3, @ and f are given in [5] Supposing w, > », » @ it has been found from
general dispersion equation the following dlspersmn iclation for whistler mode

1T 1 WIgN (TR — LTy R YTy @)
T, Ju(Thn TS JoTew) Yi(Ty R) — LTy R) Yo(Th7)
where
(L s ®
¢t a — Nz

N, = kcjo and J, and Y, are the Bessel and Neumann functions of order #,
respectlvely Superscript I and II denote quantities related to region I (plas—
ma -+ beam of thickness 27) and to region II (adjacent annular region filled
with plasma and bounded by a perfectly conducting cylinder of radius R)

Since the previously derived solution 1s heavily based on the hermitian
properties of tensor e, given in equation (1) for cold beam-plasma system,
and on the fact that ¢, = ¢,,, hence the dielectric tensor which can be derived
for the finit temperature relativistic electron-beam-cold plasma system should
possess these properties It can easly be proved that by expanding the dielec-
tric tensor for warm relativistic electron beam-plasma systein, deduced 1 [7],

with respect to small values ot k7, vy /o,, and neglecting terms of order E177 v3 el
and higher, identitying to equation (1), all the previously derived results hold
if we substitute the six diclectric constants a, b, ¢, ¢, d aud f, respectively,
by a’, ¥, ¢}, c¢j, & and f’, where

2 2
a'=1— 2%02 — 2 {[So =+ Sl(i_ - 1)] Z(sy) +

RS (R Ty
+ [so+s_1(i - 1)] CZ(siy) + 2(—l - 1)} (4)
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o2 o 7 . w2 @2
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o T
where
5, =9 k,:u:— 1e36]Yg (w=0, +1) - (10)
=Y N

3 = \/_Tl_| : (11)
moy -

and 'y, = (1 — v3/c?) - Z(s,) 1s the plasma dispersion function

Z(s,) = —g_si’z[iﬂ exp (£2[2)dE — 1(%)1/2} (12)

0

Parameters Ty are not to be conlused with tempeiature T,

Whistler mode e¢xeitation. The density of the beam passing in region I
1s assumed to be small compared to plasma density (¢ g 1) In first appioxi-
mation, one may neglect the beam contribution to the dielectiic tensor Thus,

«

from equation (2) it 1s obtained
JiTwe R)=0 (13)
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whereas from expression (3), in the absence of the beam and due to condition
Wy > w; > o, Ty is defined by

R .
T2y — —J2 (1 _ m) (14)
For the wave frequency from relation (13) there results
(o = 192208 %l (15)
K -
where
2 R2 By R
K=—m’—,cos B = ——— (16)

(2 R24-#3 )02 NERE 4,

where x;, are the roots of the Bessel function of the first order.

To calculate the growth rate we write the dispersion relation (2) for whistler
wave under the from:

1 (T 1 J(TEHY(THOR) — J(TER) Y (TD%)
D(w, &, ¢) = T T - = (17)
T,  JolTor) T JolTon) Yy(ToR) — Ji(ToR) Yo(To?)

considering that for 75 at a low beam density, the following expression is
valid

To=T2. [l + = t:i,[[so—}— sl(j:— — l)] Z(s,) -

(1 + cos 8, ) n [So _:Yns 1(_ . 1)] Z( _”1) ) (l___m_e“’)z +
cos 0, cos 0
+2 (T—“ - 1)(T£" + 2k3N§)]] (18)

This expression has been obtained from (3) neglecting the terms of the second
and higher orders with respect to .

Now, expanding (17) with respect to = one can write the dispersion rela-
tion for whistler mode under the form -

‘ u); ﬂ_l ) 1 4 cos 6,\2
4y, T3, [so o (Tll )] Z(SI)( cos by T

e e 5 )

I ERRESH 72, . p o) & JTw?) = 2T T _ (1)
c JHTyo?)

where Dy(w, ;) is only the plasma contribution io the dispersion relation.

DO(“)' k:) + e
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At a first approximation, the frequency of whistler mode found from
equation D¢(w, %) = 0" and is given by relation (15)

To obtam ‘the ‘growth rate we will expand (19) about w,. Neglecting the
terms of the second and higher orders with respect to «,, and =, we get, under
cyclotron resonance condition w, = £,0, — /¥y (anonnlous Doppler effect), the
following expression

—

- . Ty 1 — cos 0,\2 sy
- /T .=, ol S I Bl _
@, \/ 2 i lw Ow [So +s_ I(T“ ) ( cos 6, ) 6%_’[5( 2 ) (20)

where - -

) -—_7_’1 . 171y R LR i 1 R 1,7 1171y R L Bt R (21)
L T3y

Because at cyclotron resonance under the condition of anomalous Doppler effect
Se 15 negative, relation (20) indicates instability since |[sq| > [s_{] .

Conclusion. The present work deals with the problem ot exciting whistler
wave in a plasma wave guide with an axial low density warm relativistic elec-
tron beam running through it The excited wave trequency coincides with that
obtained for cold beam-plasma system It i1s found that the whistler mode can
be excited only by cyclotron resonance under anomalous Doppler effect condi-
tion. In the calculated growth rate appears a geometry factor depending on the
relation between plasma and beam radii The expression of this factor coincides
with that obtained for cold beam-plasma system

A temperature correction to the result previously dome for the cold rela-
tivistic beam-plasma system in the expresion ot the growth rate was obtained.
If we put vy, = 1 in this growth rate expression one obtained the growth rate
for warm nonrelativistic electron beam—plasma system calculated in [8].

’
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ABSTRACT. The paper presents two vitroceramics bddies These bodies haven
been made by molding and shaping a batch to form a body comprising fiely
divided ferroelectric crystalline compounds having the desired electric proper-
ties, such as BaTiO; and sintering the body without melting or otherwise alte-
ring its ferroelectric crystalline components These vitroceramics were studied
by means of X-ray, Differential Thermal Analysis or D.T.A

Introduetion. Bodies from crystalline materials have usually been made
by molding and shaping a batch to form a body comprising finely divided fer-
roelectric crystalline compounds having the desired dielectric properties such
as BaTiO,; with very small amounts of siliceous or ergillaceous bonding mate-
rials, and sintering the body without melting or otherwise altering its ferroelec-
tric crystalline components. Such compounds were studied by Guy E Rindone
(1.

The -Differential Thermal Analysis of a glass composition consisting essen-
tially of BaO, TiO,, SiO, and Al,0, was performed by Andrew Herezog and
Stanely D. Stookey [21.

By sintering BaTiO, and sole niobates or in mixture with other titanates,
zirconates and stannates with small quantities of liants, semicrystalline pro-
ducts with ferroelectric phase are obtained having important dielecliic properties,
The products were burned at a temperature ranging between 1100—1300°C.
temperatures at which resists only the platinum and palladium electrodes For
the cheaper electrodes made of silver or copper, which do not Tesist at these
temperatures, semicrystalline masses having a large dielectric constant can be
worked out.

The vitroceramics made up of a multitude of crystals, in a greater pro-
portion, homogeneously disperssed in vitreous matrix have null porosity and
ferroelectric crystalline phases of very small dimensions.

The ferroelectric components of vitroceram can exist under the from of
baritim, strontium [2], cadmium titanates, sodium, potassium, lithium, cadmium,
lead barium niobates, lead, cadmium zirconates, sodium or cadmium tantalates,
wolfram trioxide, lead or lanthanum ferrate, iron germanate included in a vi-
treous matrix of S10,, AlLs, ByO3 or Py0;. .

The dielectric properties of one group of ferroelectric ceramic bodies con-
taining BaTiO; was investigated by Nicula Al. and all [3].

2
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Partially crystallized glasses from the x(SrO - T10,) - (1 — x)3Si0, Na,O
system were investigated by differential thermal analysis [4]

The present paper reffer to semicrystalline ceramic bodies containing BaTiO,
which were studied by means of X-ray and thermodifferential analysis

Experimenfal. In order to obtain the melt we used barium carbonate,
TiQ,, Uricani quartz, calcinated aluminium oxide, Ca¥,, MgO, ZnO, boric and
limestone The dosed raw materials were introduced in a glass tank at a tem-
perature of 1400°C, being maintamned for 4 to 8 hours i an atmosphere of
oxidants s After melting the glass was quenched in cold water, a part of 1t
was manually dragged m thin sheets The firt was crushed and then subject
to thermal treatment in view of crystallization.

The thermodifferential analysis was achieved with a M OM Budapest
derivative record (slope 1ecorder), with a heating speed of 10°C/mun and a
sensibtlity D T A. of 1/10 The X-ray diffraction spectra were obtained at a
DROM-3 (USSR) diftractometer at room temperature The dilatation tests
were performed with a Leith-type dilatometer.

The dielectric constant and loss angle measurements were made at réom
temperature by the ,,Automatic C bridge, type E 315 A” (Polish made) that
measutes simoultaneously the capacity and loss angle values with and without
sample

Results and Discussions. Two samples wete expertmented sample 1, belon-
ging to system x(BaO Ti0,) (1 — x) . (4510, — Al,0; and sample 2, belongmU
to system x(BaO . Ti10,) 1 — x) . (2B,0; — CaO).

The two 1nvestigated samples had the following composition (weight per-
cent) - ¢

Sample 1 659 BaTiO,; 21,39 BaO, 7,5%, SiO,, 3,49, Al,0,, 0.49% MgO;

2,4%, ZnO

Sample 2. 709, BaTiO,; 11,7% BaO, 12,7% B,0,, 5,69 CaO

The f{first system1 was heat ‘treated at 770°C {for 3 hours, whereas the
second system at 1000°C for 25 hours By means of the thermal differential
analysis we had in view the optunal temperature of thermal treatment

Flgure 1 shows the thermodﬁfereutlal a11aly51s (IT'D.A) curves for both
sample 1 and 2

The structural transformation as evldenced by the endothermal curve
begins at values (tg) of 520°C for the first sample and 670°C for the sccond
one.

The first minimum of the endothermal curve represents the softening
point (ter) of the glass at values of 565°C, respectively 710°C for the two
investigated samples.

By further heating of-the sample an exothermal reaction occurs, according
‘to X-ray diffraction data the peak of the curve indicates crystallization of
the ferroelectric component as a first crystallization phase The following peaks
represents other phases.

For the first sample the erystalh7at1ou temperature 1 665°C and for the
second one 830°C. Further, endothermal reactions occur agam representing the
melting of the respective crystalline phases. ‘

The temperature field for the thermal treatment ranges between the fem-
perature of the thermodifferential analysis (T D A) first peak (520°C, 670°C,
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respectively) and a temperature with
50°C lesser that the rising point of the
first melting curve (of the ferroelec-
tric phases) which is 840°C for the first
sample, for the secofid.sample no de-
termination could be done because the

{ limit of 1000°C, (the limit of possible

work with the deiivative recorder), was
overpassed. We applied a thermal treat-
ment for 3 hours at 770°C and 1 min
at 800°C for sampel 1, and for 2.5
hours at 1000°C, and 1 min. at 1020°C
for sample 2

The glass as a frit subject to X-ray

The DTA curves for the tworgtdiffraction indicates vitreous phase only
== (Thgurc 2) and for the thermal treated

one, it indicates the ferroelectric phase

463BaTi04
1,66 Bali0y

200 Bai 0,

d=

FI R A Lt Al - ol -

23070,

d=

)

c)

Fig., 2 X-rays spectral for the studied samples before (a, c) and after (b, d) thermal treatment,
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The dilatation curves, having a ano- |
malous behaviour due to the para- to
ferroelectric phase transition, at 100°C for |y, T
the first sample, and 120°C for the second
one, are represented m Figure 3. These [
temperature values are the Curie points i
for the two samples. '

We chose the two samples with SiO,,
Al,O, and B,0,;, which have the role to e e
promoting formation of the glass In the
first sample we also introduced an small
quantity of CaF, (19%) in order to im- Fig 3 Dilatation curves for the two
prove the dielectric properties and the studied samples
melting characteristics of the glass, tavo-
ring crystallization To prevent forming of other compos1tes as barium titano-
silicates, an exces of BaO wversus the stoichiometric equivalent of BaTiOj is
desirable.

An exces of SiO, or a Al,O, deficiency diminishes the value of the dielec-

tric constant and leads to undesired formation of silicates [2]. As the visco-
sity of the melt is very law, the presente of clearing agents 1s not necessary.
It is preferable to introduce BaO in the form of BaCO, because it developes
CO,. To avoid spontaneous crystallization the samples were quenched in water
rapidly The introduction of small quantities of ZnO, Mg O, also contributed to
the rising of the dielectric constant [1] The effect of the simultaneous introduc-
tion of CaF, with ZnO and MgO was observed as lowering of the Curie point
as it is seen in Figure 3. The thermal treatment the fglass 1s subjected to, for
crystallization, is achieved at a temperature proportional 1 value to the content
in ferroelectric phase [2].
Conelusions. Two varieties of semicrystalline ceramics bodies, that is: x(BaO -
- Ti0,) (1 — x) (4510, — Al,Q,) and x(BaO - TiO,) (1 — x) - (2B,0; — CaO) we-
re prepared, and analised by means of X-rays diffraction and Differential
Thermal Analysis, before and after thermal treatment. The treatment was
performed-in two stages, the first one for nucleation, the second for sample
crystallisation.

According to X-rays diffraction spectrum the samples are vitreous matrices
before thermal treatment and policrystalls after thermal treatment. Crystalline
BaTiO; was evidenced.

The effect of small metal-oxides as additions in the sample was the Curie
point lowering, as evidenced by means of T.D.A. curves.

'
‘E“Ew &0
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ABSTRACT. - TIlectrical conductivity measurements over a range of tem-
perature on N,H SO, single crystals are raported The d-c conductivity was
found to be amsotropic The activation energy in intrmsec region is found to
be 047 eV 1n agreement with appropriate values for proton conduction in other
hydrogen-bonded compounds The results are discussed on the basis of a "one-
dimenstonal conductor’’ model of sinular crystals

Introduetion. A number of hydrogen — bonded ecrystals have peculiar
electrical properties Ammomum hydrogen sulphate NH,HSQ,, and ammonium
sulphate (NH,),S0O, show ierroelectric transition phenomena [l,”2]. Lithium
hydrazinium sulphate LiN,H;SO,, and 1ts 1somorphous hydrazimmum sulphate
N,H,SO, are also hydrogen-bonded crystals. Pepmsky e/ al [3] observed that
the conductivity of LiN,H;SO, intcrfered with ferroelectric hysteresis, and Blinc
[4] has studied the influence of y-inadiation on the electrical properties of this
compound From extensive dielectric measurements the protomnic conduction
in this compound was established and 1t was concluded that 1t is not ferroelec-
tric [5]. The appearent hysteresis loops are explained as resulting from saturation
of the a.c conduction

From conductivity studies the activation energies were obtained in extrin-
sic and intinsic region. The variation of the energies with temperature is explai-
ned on the basis of a “one— dimensional” model of this compound, in which
local defects have pronounced etfects on the carrier mobility, unlike 1n izotropic
dielectrics [6].

Earlier it was reported that hydrazinium sulphate N,J1,SO, has a ferro-
electric phase transition-at —350°C [3] In our earlier report [7] an electron
spin resonance study was made on the defects produced by y-irradiation on
hydrazinium sulphate No lcrroelectric effects were observed on ESR spectra.
Our recent dielectric measuiemcnts ([8] also mdicate that N,H SO, is not
ferroelectric, in good agreement with similar conclusions on isomorphous lithium
hidrazintum sulphate

The purpose of this work is to determine the characteristics of the elec-
trical conductivity in N,HgSO, in order to observe any possible anisotrophy
and to conclude on proton conduction as noticed by Schmidt et al. [5]. '

Experimental. Hydiazinium sulphate exists m two forms. monoclinic
and orthorombic In. the present measurements orthorombic crystals several
milimeters in size were used The unit cell of hydrazinium sulphate contains
four formula units, the space group being D — 2,2,2; The parameters of the
unit cell are: a, = 8251 4, b, =9.159 A, ¢, = 5532 A 7]

* Umversity of Clug-Napoca, Depariment of Physics, 3400 Clug-Napoca, Romanta
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Hydrazinium sulphate was purified by recrystalization in bidistilled water.
Uncolored single crystals of about 3to 4 mm were obtained by slow evaporation
at room temperature from corresponding saturated solution.

The d.c. conductivity measurements were carried out along the a and
¢ axes, using a cell which was fabricated in our laboratory and a terachmmeter
of type RT — 2201. Electrical conductivity measurements were performed
from 298 K to 453 K. The temperature was measured by a copper-constantan
thermocouple wich was placed close to the crystal A ceramic tube with heater
coil was used to ansure umform heating in the vicinity of the crystal.

Results and Diseussion. The electrical conductivity of N,H;SO, was found
to be anisotropic. The absolute values of the conductivity in the directions of
the a and c crystalographic axes at room temperature were determined to be as
follows : ’

a axis: ¢ = (9.64+ 0,1) X 10722 ochm~1cm ™
¢ axis® ¢ = (1.44-0.1) X 1072 ohm~tcm™

The anisotropic character of the electrical conductivity in N,HgSO, is less
pronounced than in L1(N,H;)SO, [5].

The easiest conduction along the ¢ axis in N,HgSO, could be explained
on -the basis of a ,one-dimensional conductor” model of the isomorph
Li(N,H;)SO,4. According to Schmidt ef al. [5] the infinite chains of hydrogen
bonds run through the crystal in the direction of the ¢ — axis and conduction
is proved to be pirotomic [9]. .

The activation energy of the carriers along the c crystallographic axis,

was determined by measuring the conductivity over the temperature range

from 25°C to 180°C 1In Fig. 1. the conduc-

0 B0 W80 00 TrC tivity along the a and c¢ axis is ploted
' against the inverse absolute temperature.

! The conductivity plot obtained can be

! divided in two regions : extrinsic and intrinsic

one The activation energies obtained for both

| \ | rTegions, along the c axis are given in Table 1

l for N,HySO, together with those of other

compounds available in the literature. It is

; well known that the extrinsic part is determi-

I ned by impurities and in our case the low

; activation energy in this region is due to

\. inter-channel! diffusion, resulting from low

\ barrier between channels near certain defects.

. At high temperature, in the intrinsic re-

T~ gion, the activation energy of 0.47 eV is in
1"k ., good agreement with the wvalues obtained
for proton conduction in potassium dihydro-
, , gen phosphate [10] and in ice [11].

. 25 30 35 W The electrical conductivity in N,H,SO,
Pig. 1. A plot of the d-c conductivity DY Proton transfer is a sequence of hydrogen
o along the a and ¢ axis versus 1/T. bonds linking the hydrazinium groups in the

glonm cm )

-
(=4
T
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Table 1
Aetlivation energies (in eV) for different compounds

{ Elev)
{ompound Reference
nirmsic extrinsic
- PSSR U VA ———
Li{NH:1S0, vO< 083 o bey _det
Li{N,H:)S0, pure 085 ~ [9]
et - — - e e
| KHpPO. 108y b .
Ice ‘E.i’_V I H‘H
NaHg SO, | 0« 009 esent work

orystal structure The existenceof ...N~H...N—-H...N-H,..N—-H...N-H..
chains permits the transfer of protons along the hydrogen bond from a nitro-
gen to the next one and thus occurs a largc electrical conductivity along the
¢ axis as in Li(N,H;SO,)[9].
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ABSTRACT, — A new intermetallic compound Dy,Al;, was synthesized, which
crystalizes in a hexagomal structure, with lattice parameters a = 11788 A
and ¢ = 11,322 A, 1sostructural with intermetatliy’ compound Gd,Al,, Tempera-
ture dependence of the magnetic susceptibihity filts a Cutie-Weiss law x =

C
= -+ %o, 0p=—64K, and Betmyt+ = 10 59py From the linear depen-

T4 0p
. —1 T
dence of the XKnight sluft vs temperature K = K, [1 M],
21 vp

the experimental ; value was determuned for the phenomenological exchange cons-
tant, Je= —141 x 10-¢ eV, and by extrapolation K, = 0.1919%,.

[

Introduetion. The intermetallic compound Dy,Al, is a new compound,
isostructural with the intermetallic compound Gd,Aly; reported in a previous
papaer [1], and presents the similar magnetic behaviour pointed out by the
temperature dependence of the reciprocal magnetic susceptibility, and by the
temperature dependence of the Knight shift. )

Experimental. The intermetallic compound Dy,Al;; was prepared by mel-
ting stoichiometric amounts of the elements in a high purity argon atmosphere.
The purity of the starting elements was 99,99 for Dy, and 99,999, for AL
The magnetic susceptibility was measured using a Faraday type of magnetic
balance, having a 1078 e m u. seusityvity, in the temperature range 120 K —
1.120 X

The NMR spectra of *7Al nuclei wele taken by a JNM—3 spectrometer
at 9.212 MHz, improved by a broadline attachment JNM—BH—2 at several
temperatures in the range from 120 K to 460 K in a specially designgned
dewar. The Knight shift was determined with reference to the 2?Al resonance
in AICl; solution The X-ray measurements were obtained using a TUR—

—62 spectrometer

Results and diseussion. X-ray investigation showed a hexagonal crystal
structure for Dy,Al; intermetallic compound with Ilattice parameters a =
= 11788 A and c = 11.322 A.

* Unsversily of Cluy-Napoca, Deparinent of Phystes, 3400 Cluj-Napocs, Romanse
6 Unsverssty of Brasov, Depariment of Physsss, Remansa
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The temperature dependence of the molar reciprocal magnetic susceptibi-
lity shown in Fig 1, fits a Curie—Weiss law with an additional temperature
independent term ie

c

T + 6

X = + Zo- (1)

with 6, = —64 K
From the slope of the linear part of the temperature dependence L (T)

X
was determined the Curie constant value C = 2765 The effectiv magnetic
moment value determined per unmit formula from this value 1s 14 933 pg, the
corresponding value per Dy3* 1on 1s 10 59 pg, very close to 10 6 pp obtamed

1
T+ 6
ned the numerical value for the independent part of magnetic susceptibility
o = 15 X 1072 emu/mol, wich correspond to Pault magnetic susceptibility
a1ising from the conduction clectrons contribution in the mtermetallic compound
The negativ value of the paramagnetic Curie temperature, 0, suggests a possi-
ble antiferromagnetic ordering at low temperatures of the Dy®* magnetic mo-
ments

The thermal variation of the Kmnight shift increases monotonically as the
temperature increases and 1s positive in the investigated temperature range,
as one can see 1n the Figure 2.

If we represent the Knight shif versus molar magnetic susceptibility,

YLy, (Fig. 3) of the Dy,Al,, intermetallic compound, having the temperature as

parameter, a linear dependence 1s obtained with positive slope dK/dT, similar
to that obtained before [2] for Gd,Al,, intermetallic compound

The obtained linear dependence 1s in agreement with the well known Eq. (1)

[3, 4i], derived 1n the case ot a uniform polarization of the conduction elec-
trons by the 4t spins,

-1 T
Jgf(gfz ) xt ( )]' (2)
8¢ ity

from the Van Vleck theory From the linear representation X ( ) was obtai-

Ko/l ﬁ

K = K0[1 +
021

where Jyu is the phenomenological
exchange constant, g is the 4f-elec-
tron g value, and K, is the Kmght
shift due to the Pauli paramagnetism.
The experimental value for K, =
= 0.1919, 1s exactly the same as for
. Gd,Al,,, as 1t was to be expected,
because the compounds are 1sostructu-
ral The expertmental value for Js=
= —141 X 1073 eV
Conclusions. A new intermetallic
, compound Dy,Al,, was obtained, wich
0 0 200 300 00 T1°K)  crystallizes in a hexagonal structure,
Pig 2 isostructural with Gd,Al,y. This inter-
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metallic compound shows paramagnetic behaviour with localized magnetic mo-
ments of the Dy™*? ions and fits a Curie—Weiss law affected by a temperature
independent term. The effective magnetic moment per Dy®* 1on ye = 10 59 pg,
very close to the theoretical value p = 10.6 pg derived from the Van Vleck’s theory.

The Kmight shift of the 2?Al nuclei in the Dy,Al,, mtermetallic compound
was determined with reference to the 2?Al resonance m AICly solution, and was
found temperature dependent and positive. From the linear dependence of the
Knight shift versus bulk molar magnetic susceptibility the phenomenological
constant was derived to be Jg = —1.41 X 1073 eV
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EFFECT OF A GRAVITATIONAL FIELD DUE TO A ROTATING BODY
ON THE POLARISATION OF THE DIRAC PARTICLE BEAM

Z. GABOS*
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ABSTRACT. — The paper presents the modification of the Dirac particles
polarisation in the case of their scattering in the gravitational field generated by
a rotating, nigid, homogeneous spherical body with very small dimensions, As
the effect 1s small, we shall assume the first approximation The results follow
our previous work on the case of the non-rotating spherical body [5].

1°. The following convention is assumed ' =%, x*=1y ¥ =2 =
= ict. We write the components of the metric tensor in the form. g,, = 8uy + #yy-
For the non-vanishing components 4,,, when A/r € 1, we use the wellknown
expressions [17].

hyy = hoy = hgg = —hyy = %’
¥
ot = - (1)
T = by = g =127 (0 x ),

Scrd

where 4 is the sphere radius, % and 7 are the position vector and the distance

[
from the sphere centre, respectively, 7, = kM /c® and Q are the gravitational
radius and the angular velocity af the body, respectively (k 1s the gravitatio-
nal constant and M 1s the mass ot the body)

Using (1), for the Dirac matrices, which satisfy the conditions -

o, 1 = 28w s v} = 2gw (2

we obtain, withm the first approximation

o o —h?
Y, = (1 + r—:) Yoo Y4 2(1 - %Jf{i -+ (& v) (3)
j-— 1—2 -?r —_— ? -\4—— 1 ﬁ ° I4
Y= g RE &Y U= + » Y4 i(4)

We denote by :},, the Dirac matrices, used in the Minkowski space.

o (0 —ig) o 1 oy
S = , = . 5
t; (ic] 0 ) Y4 (0 _1) ‘ (5)
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2° To describe the interaction of the gravitational field with the Dirac
particle we apply the secoud quantization method To this cud we need the
density of the interaction Hamultonian This we obtamn irom the Dirac equation
[3] of the particle ot rest mass m,

o 1 ar, o, hgc .
\‘/U axu + [ YU-Y (3 v —_— FV[J. | U) + 7‘) IF == O, (6)
which we rewrite 1n the torm
i i—‘i = HY¥ (7)

Using (3), (4) aud (6) and keeping only the terms which ate linear in 7,
we are lead to

N Al 1 0
H = —ich c/, -+ mcc-«( +icn ( 3—0? —1 ai F— o, +
A
0 cl ( - ;') '
+1g;a—;)—1; rotg 35/, (8)

where
° 0 5, = s, O
o, =" , = 9)
= == (
We interpret operator (8) as an operator in the Minkowski space The first

two terms give the well-known IA{O opcrator of the free Dirac particle. The
remaining terms give the operator for the field-particle interaction

In the second step, the desired quantity is obtained from operator (8)
Thus, using (7) and (8) the following expression may be written

, +
L (\y+ _ 3_?_19')
2 ot ot

from which we can obtain both the Hamiltonian density of the free Dirac field
and the interaction Hamiltonian density

(10)

Hy = — %‘h,“,?iu%—a—“iyﬂf) _i’f(rot z, ‘P+E‘F). (11)

The first part of expression (11) was proposed by S. Gupta [2]
3°. We shall describe the scatterlug of the Dirac particles having the 1n1-
tially well-defined linear momentum ;bo, in a reference system with the or1g1n

in the centre of the sphere and the third axis tn the direction of 150 We can

write in this case the following components for the initial and final linear momen-
ta:

200, 0, po), Plposin$ cos g, p,sin 9 sin g, p, cos ) (12)
We shall denote the initial and final helicityes of the Dirac particle by 2, and ).
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By passing from H,, to the ﬁ,,,, operator and by building up with its aid

the § operator, we can obtain the following expression for the differential cross
section, by appling the usual methods for the A, — A transition -

do = —0 | 4 (B)Muy, (o) Pdo (13)
16 pisint %

For very smal linear dimensions of the body, the matrix M is given by "

o = 242 = = -~ . 842 —
: M =2E, +o(a, P) + - (2 QRS &) +ip Q R), (14)
where E, is the energy of the particle and
P=p+pu C=2—Pu R=(Fxp). (15)

To evaluate the effect of the gravitational field on the Dirac particle
polarisation, let us consider the particular case of an initial state with longi-
tudinal polarisation equal to 1, when the particles have positive helicity By
simple calculus, one 1s thus lead to the following expression for the longitudi-
nal polarisation .

cos & + (2p% + B9) cos’—;}- + L,
P[ = Py ’ (16)
1+ (2p% 4 BY) cos? Py + Ly

where
L, = 2D(n, ¢g) sin3—;t + D? [5 ex)? sin? 9 cos & — (, eg)? sin“%], (17)
L, = —2D(n, <) sin"—g- + DZ[(ﬁ, ex)tsin? § + (n, eg)? sint %] (18)
with
-5 ’ 7, Po —_ -é - _Q.A —- -1‘2
= — = ——, n ==, = =, == 19
g c » (vp) ¢ 1] ¢ 121 ® | k| 19)
= Men o, \J1m B2 . ’ (20)
54E, p M .

In (20), J denotes the angular momentum of the body.

- - 4° Before commenting on expression (16), two-observations are apropriate.
The first one concerns the scattering angle 9, for which the following expression
is avaﬂable within the classical approximation :

$ :
tg o = b'—s"a 21)

(b is the shock- parameter).
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Although relationship (21) belongs to the zero order approximation, it
can however be used for an orientative evaluation of the effcct.

The second observation relates to the fact that we have considered states
of helicity for both the imtial and final states The wvalue of cos & from P,
m this case, 1s a cousequence of the calculus method employed, rather than
being a true effecct Thus one has to substract cos 9 fiom the value given by
(16) in order to obtain the desired effect

It follows from (16) that P, depends on the paiticle velocity, the gravita-
t1onal radius of the central body, its angulai monientum and mass, the schock

parameter and the angles between the vectors #, ¢q and 7, eg The result is
valid for small /4 and A However under these conditions the effect is very
small, unmeasurable

One can expect that the effect becomes measurable 1 ihe case of larger
central body dumensions Howevers, serious problems arise m this case in wri-
ting down matrix M which occurs 1n expression (13)
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THE METALLOGRAPHIC INVESTIGATION OF TI-AL, ALLOYS USING
A SCANNING ELECTRON MICROSCOPE
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ABSTRACT. — The metallographic investigations were made on a series of
Ti—Al solhide solution, using a scannimg electron microscope. This pointed out
a dendrtic structure past the melting of the alloys After heat treatment at
1,100°C for 100 h, and a new annealing at 700°C for 20h the alloy consists
from the homogeneous crystallites of the « — solid solutions.

Introduetion. Titanium has two allotropic modifications [1] «-titanium
up to 1,155K, which crystallizes into a hexagonal close-paked lattice with the
parameters a = 2.9503 and c = 48631 A (c/a = 15873); and @-titanium at
higher temperatures The latter has a body-centered cubic lattice with lattice
parameter a = 3.3132 A at 1,173 K The density of a-titatium 1s 4.505 g/cms3,
and that of B-titantum is 4.32 gfcm? at 1,173 K.

Recently [2] the experimental results on o-titanium indicate the existence
of an anomaly in the temperature dependence of magnetic suceptibility, of
electrical resistivity and of specific heat. The similitude between temperature
dependence of the magnetic susceptibility of a-titanium and that of pure chro-
mium suggests that o«-titanium is an itinerant electron antiferromagnet with the
Néel temperature of 276 + 4 XK.

In order to study the influecne of non-magnetic impurities on the electron
itinerant antiferromagnetism of «-titanium we investigated [3] the magnetic
properties of T1-Al alloys. The samples were annealed at 1,100°C for 100 h and
20 h at 100°C with the aim of obtaining the a-phase. After this, the samples
were metallographic examined in order to prove the formation of «-phase In
this paper the results of metallographic investigations are presented using a
scanuing electron microscope.

Experimental. The equilibrium phase diagram [1] of Ti—Al alloys indi-
cates a limited solubility of aluminium 1n titanium. The «-solid solution (solid
solution of aluminium 1n «-titanium) is stable in the concentration interval from
0 to 30 at 9, Al. For this reason we prepared alloys whith the concentration
up to 20 at 9, Al, only. The alloys were prepared from 99.99%, pure titanium
and 99.999Y%, pure aluminium, in an argon arc furnace on a water cooled cooper
hearth. The arc melted buttons were turned and remelted more than four times
to insure homogeneity To prevent oxidation of the mielts, the furnace chamber
was evacuated and pruged with argon several times before melting.

® Unsversity of Clug-Napoca, Depaviment of Physses, 3400 Cluj-Napoce Romamsa
** Institute of Melrology, 3400 Cluy-Napoce, Romamia

0 I'nstitute of Welding, 1900 Timisoara, Romasta
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5 : et b P
Fig 1 Section before annealing thiough Fi1g 2 Secction before annealing through
Tiy, Al, allooy (magmfication 500 X) Ti,;Al,; alloy (magmfication 500 x)

The samples were annealed at 1,100°C for 100 h in an argon atmosphere.
After this the samples were annealed at 700°C for 20 h to ensure the formation
of .e-phase

In order to point out the effect of heat-treatment the samples have been
metallographic investigated, before and after heat tieatment, using a scanning
electron microscope In Figs 1—4 the scanning clectron micrographs aie show
before and after heat treatment for the samples containing 3 and 17 at. 9% Al
The micrographs have been obtained with the same magnification.

As it can be seen from Figs. 1 and 2, before annealing the samples have
a dendritic structure specific for the dendritic segregation Solid solution crys-
tall of the dendritic type are usually formed when the sample is rapidly cooled
from the liquid phase (1n our case the samples were rapidly cooled out in the
water cooled copper hearth). As a result of nonequilibrium crystallization the
chemical composition of crystals of «-solid solution is variable over a cross
section of the crystals The greater difference i temperature between the solidus
and liquidus lines, the greater difference is in composition between the liquid
and solid phases, and the grater degree of dendritic segregation in the solid

Pig. 3.. Section after annealing through . Fi1g 4 Section after amnealing through
Ti,Al; alloy (magnification 500 x). TigAly; alloy (magmfication 500 x).
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Fi1g 5 Image formed using the alumi- Fig 6 Image formed usmg the alumu-
nium K, radiation for the TiyAl; alloy nmum X, radiation for the Ti,Al, alloy
before annealing before annealing

alloy. Owing to the dlfferent’etchmg patterns obtained for poitions ot the sol.d
solution having different compositions, the mhomcgeneity withim cach cryatalh te
can be readﬂy revealed 11 microanalysis (Figs 1 and 2)

In order to eluminate the effect of dendritic segregation, the samples were
annealed at 700°C (somewhat below the solidus line) for 20h After such treat-
ment, called diffusion annealing or homogenizing the dendrtic structure of
the alloy is no longer evident, and the alloy consists of homogeneous crystals
of solid solution (Fig 3 and 4)

The distribution of aluminium atoms in alloy was determined by adding
an X-ray detector the scanning electron microscope tor the detection of the
characteristic spectrum of X-rays emitted by aluminium atoms In Figs 5—8
the images obtained with K, radiation of aluminium are shown for the samples
containing 3 and 17 at 9, Al, before and after anneal From the comparison
of this figures one can see that the distribution of alurmimium atoms 1s more
uniform after anneal. This fact was also confirmed by the metallographic ana-
lysis .

Fig 7 Image formed usmng the alumi- Fi1g 8 Image formed usmng the alumi-
nium K, radiation for Tij;Al; alloy after mum K, radiation for TigAly, alloy after
annealing annealing
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Conclusions. In this paper the results of metallographic investigation of
Ti-Al alloys are presented using a scanning electron microscope This investiga-
tions point out that after preparation in the argon-arc furnace the samples have
a dendritic structure The dendritic segregation appears because the samples were
rapidly cooled on the water cooled copper hearth As a result of nonequilibrium
crystallization the chemical composition of crystals of «-solid solution 1s variable
over a transvers section of the crystals

In order to eliminate the effect of dendritic segregation the samples were
annealed at 700°C for 20 h The metallographic mvestigations point out that
such a treatment eliminates the dendritic structure In conclusion the sample
consists of homogeneous crystallites of the «-solid solution This fact 1s also
confirmed by the distribution of aluminium atoms in sample
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ABSTRACT. — The, results obtammed by mneutron activation analysis on two
samples of vitroceramuc and Vycor glass are reported A new method of analysis
by neutron activation that can by applied even in the case of small concentra-
tions of Al m the silicon matux 1s also presented

Introduction. The neution activation 1s a uselul analvsis method tor indus-
trial and reserch laboratories because of 1ts undestroyer character, rapidity
and high precision In last tumes 1t was very much implemented 1n industry
and the use of 1sotopic neutron sources make 1t abbordable 1n almost any labo-
ratory

We attempt to improve a method of neutron activation tfor glass and
ceramics wdustry, using the nuclear reactor and an Am—Be 1sotopic source
of neutrons 1 order to determine the alummium content The knowledge of Al
and Si content has a great importance because 1t 1s necessary for rapid control
of the ratio between Al,O, and S10, This problem was trecated betore by some
others authors [1—3], but 1t 1s very ditficult to apply this to very small concen-
trations of Al in the silicon matrix because the appearance of some interference
nuclear reactions In the present work we report a new method of analysis
by neutron activation, which can by applied even in the case of small concen-
trations of Al in the silicon compounds

Determination of Al and Si by neutron activation. According to literature
data [4], 1t results that Al and S1 can be determined by three and respectively
four nuclear reactions (Table 1) Other possible reaction channels are practically
difficult to achive and have been omitted

From Table 1 1t results that interference reactions appear in the detection
of Mg and 28Al 1adioisotopes when the studied samples contamn a mixture
of Si and Al oxides The 28Al occurs from reactions of the 27Al with slow
neutrons and from 2851 with fast neutrons.

We noticed that the radioisotopes given in the fourth column of Table 1
can also occur from the other accompaning elements which are present in the
samples The identification characteristic data and nuclear reactions which
lead to the occurence of the 1sotopes used in the ncution activation analyses
of the Al and St are given 1 Tables 2 and 4

* Umverstly of Cliy-Napoca, Department of Physics, 5100 Cluj-Napoca, Romania
by Insmute of Isolopic and Molecular Technology, 3100 Cluy-Napoce, Romana
~*® ] FI N — Bucharest, Romama
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Table 1
Nuelear reactions which ean hy used for determination of Al and Si
Analysed Target Nucleear reaction Formed T1/2
element 1sotope radioisotope
WAL 27Aln, o) 2Na 24Na 15h
Al 37A 27:\1(1’1, p) 27AIg ETNIg 95m
2741 27A1(n, ) Al 2841 238m
0G; 30 Sl(n, o) 271\Ig Zsllg 95m
S1 38851 8S1(n, p) 2Al 2841 23m
@81 281(n, p) 2°Al 2041 66 m
308t 30S81(n, v) 3151 3G 26h

The tollowing conclusions result irom these data

I. Aluminium can by analysed by irradiation with fast neutrons (channel 3)
measuring the radioactivity of #*Na 1f the samples have not considerable amo-
unts of Mg. Reaction (1) 1s neglijable in the case of small concentration of
Na where the neutrons are fast.

II If the samples do not have comparable amounts of P, the silicon can
by analysed using the A1 radioisotope tiom reaction (8) which occurs with
fast neutrons The interference reaction (7) with 2?Al 1s neglyable in the pre-
sence of fast neutrons 7This possibility has been used previously to determine
the Si and Al content [1—3] in the following way before silicon was measured
by fast neutrons using reaction (8) which vanishes at the slowness of the neu-
trons and when reaction (7) occurs, this being used at the determination of Al.
Because of the slowness of the neutrons an unthermalized component appears
together with the slow neutrons the big errors take place

III Reaction (6) is a tempted for the determination ot Al using fast neu-
trons, but it cannot be used because ot silicon presence in the sample which
leads to 1nterterence rcaction (5) on the Mg

IV At great beams of slow neuatrons (nuclear reactors) reaction (11) can
be also used for the silicon determination However our measurements have
given great errors at 999, S10, content

V. In the casc ot two different nuclear reactions with fast neutrons and
which lead to the same radioactive nucleus (5 and 6) 1t would be possible to
discriminate them with help of the different value of the cross sections at a
given energy of the neution beam In this idea reactions (6) and (8) have been
previously used [5--8] at a mneutron energy ot 14 MeV

VI. The influence of the accompaning clements (as Na) is negligible if
their councentrations are small

The III—VI criterions are not usefull in the case of our samples, for which
the aluminium content in a concentration of 19 must be determined in the
presence of a great silicon content. From the previous considerations it is

clear that for determination of Al 1t is necessary to use an independent chan-
nel, different from that of Si. This is the channel labelled by (3) in the Table 2.
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Table 2
Nuclear data of analysed 1sotopes
Characte-
Analysed T ristic 11;:;22:}1 Nuclear Target o fligzz{ci-
radioisotope 1/2 enetgy 0% ) reaction isotope frcation

[KeV] A 1ca
3850 0.09 3Naf(n, y) 2Na 28Na 1)
“Na 15h 2754 100 #4Mg(n, p) ¥Na Mg (2)
1368 100 27Al(n, «) 24Na 27A1 (3)
1014 43 26Mg(n, v)¥Mg Mg 4)
Mg 95m 844 100 30S1(n, «) 2?Mg 08 (5)
170 1 #Al(n, p) Mg 77A1 (6)
1779 100 3 Al(n, v) Al 7A1 (7)
38A] 23m 2881(n, p) BA1 B 8)
51P(n, o) 26Al ap 9)
Al 6.6 m 2426 18 281(n, p) Al 281 (10)

1273 100

3151 26h 1266 100 3081(n, y) 181 8081 (11)
31P(n, p) 351 np (12)
3S8(n, «) 3151 s (13)

Experimental results. The determination of the aluminium content silicon
matrix has been performed using an #!Am-—?Be 1sotopic neutron source with
a flux of 11 X 107 nfs The analysis of the major elements in the samples
was made at the nuclear reactor of VVR—S type from Maigurele — Bucharest.
The results obtained by iurradiation at the nuclear reactor of two samples of
vitroceramic and Vycor glass are given in Table 3.

Table 3

The analysis of impurities by thermal neutron activation

Element* Vitroceramic Vycor glass
[ppm] [ppm]
Fe 210415 604-8
Ca 1654+ 17 274+ 15
K 25+7 26+ 8
Na 23.1+0.3 204-0.2
Ba 25+4 1344
Cr 37104 1.5402
Ce 3.240.2 2.14-0.1
Nd 341 2+1
Te 1.84-0.3 -
La 154 0.1 0.9+0.1

* The following elements As, Au, Eu, Hf, Lu, Sb, S¢, Sm, Th, U, ¥Yb are
mm the concentrations smaller than 0.4 ppm and they do not given in table 3,
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The 1rradiations with 2#!Am—®Be ne- “Os
utron source have been made by intro- 1450 uev
ducing the source in a channel of urradi-
ation capsule (specially projected) which
has been fixed at one meter distance from
any protection wall so that thermal neu-
trons would be not obtained by scattering
This rradiation geommetry was established
by the fast neution activation of the me- 5
tallic alumimium with different values of
the thermal component according to reac- Y 8,10 5122
tion channels 3,6 and 7 1n Table 2 Gamma f
spectra of the irradiated samples have been ]
recorded with a Ge-—L1 detector of KOVO
type coupled at NTA—512—M multi- . par
channel analyser The 1sotopic source with
a constant beam of fast neutrons (4 5 MeV)
can lead to good results only by long and
cyclic irradiations The used samples had
the weights from 25 g to 250 g and 1irra-
diation times between 2 and 4 days The
cooling time was 5 minutes and the gamma
spectrum of the #Na isotope (Fig 1) has
been accumulated for 4000 seconds Fig 1 Characteristic gamma spectrum.

_'mpulsur / canat

, 1780 kev

Energa [kev]

Table 4
Coneentration of Al,0,[%]

Weight The energy analysed peak[keV]
Sample ig] 1368 6 2754 1
vitroceramic 250 06+016 104043
Vycor glass 25 174 0.45 1654+ 062

The determination of Al content has been made with the help of peaks
of 1368.6 XeV and 2754 1 KeV, using the Covell method The aluminium con-
centrations thus determined are situated in the range of 0.6—179% (Table 4).

As we have noticed before, our endeavours for silicon analysis by neutron
irradiation with the nuclear reactor and the isotopic Am—Be source have been
affected by great errors Because of the self-shielding effect in the sample and
of the standard deviation of the method, the exact determination of a 999,
Si0, content still remains difficult
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LINEAR SWEEP VOLTAMMETRY ON PAIILADIUM ELECTRODE
I. The influence of thiourea upon hydrogen adsorption
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ABSTRACT.. — The mfluence of sulphur compounds upon the adsorption of
hydrogen on palladium electrode 1s presented, by lmmear sweep voltammetry
The presence of the two peaks for a clean electrode 1s reduced to a smgle one,
when the electrode is poisoned 1n a saturated thiourea solution, because the
hydrogen adsorption process 1s totally inhibited. The poisoming effect can be
elimimated by some succestve oxidation-reduction cycles

!

Introduction. The behaviour of (Pd—H) electrode is strongly influenced
by the properties of the interface region. These properties can be modified either
by changing the physical structure of the surface layer [1,2], or by chemisor-
ption of some surface active substances.

The adsorption of thiourea THU on the surface of different electrodes pre-
sents an important interest in the electrode processes. Maoka and Enyo [3] have
reported on the effect of THU upon the hydrogen entrance into palladium during
the cathodic reaétion. Recently, there has been reported on the strong effect
that the adsorption of some sulphur-compounds (especially THU) had upon
the galvanostatic desorption of hydrogen dissolved in Pd electrodes [4].

The aim of this paper 1s t0 establish the influence of THU on the adsorption
of hydrogen o1 palladium by means of linear sweep voltammetric techmque

Experimental. The measurements were carried out with an Electroscan
TM 30 Electroanalytical System (Beckman) using a three-electrode type cell
provided with a thermostated jacket. The working electrode was a platimum
disk (@ = 2,2 ¢m) on which palladium was deposed by a current of 17,5 maA,
for 30 s, exposed with both faces to the solutior “~The solution was 0,1 M
H,SO, of analytical grade deoxigenated with high purity argon

The measurements were performed by applying the techmque of linear sweep
voltammetry, starting from different initial potential values, at which the
electrode was kept for two minutes (the time necessary to establish the equili-
brium) The typical current-potential recorded curves are shown in Fig 1

The eight curves correspond to different initial potential values E, 70 mV (a),

90 mV (b), 100 mV (c), ‘110 mV (d), 120 mV (e), 130 mV (f),
140 mV (g), 150 mV (h).

We notice two peaks : one of them, appearing at about 120 mV corresponds
to the absorbed hydrogen, the-other one, at about 270 mV, corresponds to the
adsorbed one. One can see that while the initial potential values are decreasing,

* Umversity of Clug-Napoca, Department of Physics, 3400 Clup-Napoca, Romansa
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the height of the two peaks increases (the one of absorption increases much
more than the other one, which tends to saturation value)

I{ the electrode surface is poisoned with sulphur, by keeping it in a thiou-
rea saturated solution, we obtain only the peak of absorption, while the peak
of adsorption does mnot exist (Fig. 2, curves 1).

Curves 2—5 take shape from the succesiv cycles of oxidation-reduction
applied to the electrode in order to clean its surface (to. move away the
adsorbed poisonous substance). The initial potential for the six curves was the
same, K, =70 mV. We notice that the adsorption peak is appearing higher
ant higher when the number of cycles which are going up to 1,6 V increases,
until the surface becomes clean, and its height remains constant. At the same
time, the cathodic peak, which is connected with the real electrode surface
increases too, and after 5—6cycles it becomes constant (the surface in clean)

Conclusions. The main conclusions of this investigation are the'following,

— Sulphur has a strong blocking effect upon the adsorption of hydrogen

— Sulphur compound preadsorbed is electrochemically stable in the adsor-
ption/desorption range of hydrogen, but if the potential value goes up to 1,6 V,
the desorption of sulphur occurs, and after a few cycles, the electrode surface
becomes clean.
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ABSTRACT. — Parametric effects of a'circularly polarized electric field on an
mhomogeneous plasma in a constant magnetic field are studied by taking into
account density gradients The spatial variation of the external electric field
13 neglected (dipole approxmumation) and only the weak imhomogeneity condition
1s considered It 1s obtained ‘the threshold condition for parametric excitation
of the circularly polarized response modes and of the 1om-acoustic and Lang-
mur waves

Excitation of waves m an infinite homogeneous plasma, when the energy
source for excitation 1s an externally applied oscilating electric f1eld was inten-
stvely studied (2—4), (6), (8—9) . .

The purpose of our paper 1s to study the effects of 1nhomogene1ty of 'the
magnetized plasma on parametric instabilities excited by an electric pump
field A previously mtroduced method (5) 1s extended to the case of an inho-
mogeneous plasma, when the apphed field 1s a right-handed mrcularly polarized

electric field propagating in the direction. of the magnetic field H.. The form
of the electric and magnetic tield 1s

Epy = Re{rEo(/e\Z + é\a)ex;‘) [2(kex — vi]} (La)
ﬁut = Ho ' g/\l (lb)

Fa Y e NN
where (e, e,, €5) are versors of the coordinate axes

The perturbation metod used tor the system of kmetic equation with rela-
xation collision term and Maxwell’s equations (3) 1s applied to the case ot an
inhomogeneous plasma considering a developpment techuique commonly used
in the theory of parametric oscillations First the laboratory frame of reference
is used and 1n the second part a transition 1s made to a trame which moves
with the dritt velocityv of electrons, caused by the electric pump 11cld Following
these methods we could obtamn and solve the dispersion relation tor the comnsi-
dered system, with the aim to arrive to expressions of threshold conditions upon
onset of the instabilities, the frequencies and growth rates of excited parametric
oscillations

When the trequency ot the left-handed response mode o = Q — o,
where Q = eH [mc (2)

and i = 4nN e2/m 3)

* Uniwversity of Cluj-Napoca, Departinent of Physscs, 3400 Cluj-Napoca, Romania
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a

with the plasma density beeing of the form . % ~ : B
Hy = No,{l + oy — yo) — ﬁa[z? st +1’E(2Q cos Q¢ +

; .
Qt 0

eE, (_‘cos v]t,_*_ cos ) — [ . (0) SLHQI‘
m(Q =)\ v Q .

50 o o 4 —2Es (—"‘“”+S‘“‘“H{+ ‘ny(y — 4} (4)

( m(Q — vl - v")_‘Q_

g

where ¢ and m arc the electron charge and mass, 4 7 is defined by .
.

o ’ 'T) = NO V”(‘/r o, ~‘)‘ . (5)!

the threshold condltlon is, obtamed as - o )
2 et wg(Q — v)? ) R wé’ 1 , ] . 6
B el ))( 2 ) (6)

where A2 E2/8xN,T, 1 the’ external electric ileld encigy density and the
thermal energy density ratio, & 1s wave number ol the response field, directed

along the OX-axes, ‘T, is the electron tempe1ature defined by vr, —J T,/ Mg,
v. 15 the electron collision trequenc¢y,’¢'1s the light ‘speed and ‘

) = e ) ) 7

£(2T2) 2% T,
—’ ekIE' olly and ekE g,

2mv(Q — v) 2mv(Q — v)
in the considercd approximation On the other hand the cond1t1on of weak spa-,
t1a1 homogenel‘ry (g < k) is 'the d1polc_ apploxlmatlon

" ' .
Q— o — o)) @ gt — mo c
‘ ( o) _ (@ o) g (AU I (@ )(V +f(°-)o))

v3 ve y? v?

We have neglected the terms$ 'n,(y — Vo), 1s (2 = %),

4

>1— “’3) (8)

v(Q + v)

. X . I I
RE 2 v,
2 —_‘z—) — (i 1y -1
(Zm‘:(Q —v) w, + f(m(]) .
with o e
mg — 4r,0? (8')
m

There is an other possibility, for the onset of an mstability in the case of a left-
handed polarized response, " with frequency wi=s v — wg, With the correspon-
ding threshold condition

Lo A“ > 8 _ me® ‘ S ) S, ( S v +

3 nosz“ ¥y — g — Q) — (v — Q) \v — 0y — Q

: | + 70 f‘m:,-—n))(%jz- ‘L"’;”f(ma)) ©)

2
k’de
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and the spatial homogeneity condition :

(v =g (v~ og)a,’ g b—o))
vz Vv — wg— Q) Tt (v — 0y — Q)
Ve ’ ekE, 2
(v— mt',—Q+f(v — Qo Q)] +2 (va(ﬂ——- v)) )
Yo ny 1t oy
(2 )| > 1 -5 (10)

The threshold conditions (6) and (9) are identical with those previously obta-
ined in (5) for the case of an homogeneous plasma. The expressions of growth
rates of the instabilities are identical with corresponding expessions for the
homogeneous case and we do not give here these expressions.

If we take instead of a linear polarized electric pump field (1), a right-
handed circularly polarized pump field, which lies in the XOY-plane, and
using density gradients -7{(— 1, 0, 0), after some algebrical calculations we
can arrive to the following dispersion relation for the case of four-plasmons
coupling (with frequencies w, w34 v and v):

1 1 __e(e ) 8)) .
et e (5 +7 - ent @)
S S N —e)). 1
1+ yelo + v) 2 ( 2 J exp( @ﬁ)) 1 4+ el — v) (11)

To obtain the above dispersion relation we considered the pump field at high
frequency (as v ~ g, 0r vy ~2wy/1/), so it is assumed that the. ions can not follow the
high frequency field, ie. p, =0 and p, = p.

Yo are the well known linear susceptibilities (¢ = e, 1)

1 1+(m+1va+m.o)L

= . 4
Xa((l)) (leo)z‘ 1+we-L (1 a)
where )

L= 3 L(bo) exp (—b) - Z(Eo)lks - vz, (148)

by = B20%o[20% (14c); Ep== 2t Po—1'00 (14d)

Revpg
L _ kT ) _( Ts Y2 15b
@ = mg Qg (15a) b Ao (47:N°a’) ( )
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I, Dbeeing the modified Bessel function and T; — the temperature, When we
neglect the ions motion, the dispersion relation for excitation of a single mode
via density gradient coupling is-

.y Lol — ) Lolw 4 V)
1+ 7o) = J* it () - Fogelo— ) 1 gelo + ) (16a)
with
Z;(C‘)) = 1 + (0.) + ZVg)L . 1 (16b)

14 2v. L k? 7‘2[)52

Considering that the magnetic field cancels in Eq (12), after the analysis
of the parametric excitation of ion-acoustic and Langmuir waves, when v =
= wy + Ay, Ay € 0y, we have obtained the following threshold condition :

N 32 s/ST{';‘, YL

0= I(ky 05)? @ (172)
with
v o T, )12
e =—=(170), yo=—2(17), o= (—] (17d)
9 ity

Threshold expression (17) differs from t‘he corresponding expression previous-
ly obtained for a linear polarized pump field (1) by factor %, which appear
instead of %k, for the case of a right-handed electric field.

On the other hand the calculated frequency of excited wave is

1 A5

- —_ - 1
(O + ms”‘}_ by 3 162 ( 8)’
where
b= (o)t - 22 (192)
and
K’AD

os = (k, - ¢;)* + TETAT

To obtain expressions (17) and (18) it was assumed that

ky > (20)
and
v, € ke < v, < Rur, 21

From Eq (16) we can conclude that, for the pump tield frequency v =
= 20, - A, the threshold for excitation ot the ILangmuir wave and the
instability range are the same as in the case of a linear polarized electric field.

Similarly, for v = 2wy 4 Ay, |A¢| € wp, where o =g 4 Q* is the upper

hybrid frequency, the range instability A, is obtained from Eq (16) and
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has the-same form as that obtained for a linear polarized pump field, for the
case of a right-handed polarized pump field we have obtained another expressmn
for threshold

o 12 _
7rE&:4§va,u+Aﬂﬁg+A) 1] (22)

where 4 = o/Q?, v, is the collision frequency of electrons ,

.- Using the values Q= 10% s}, v, = 10°% s and % =1 V/em, after cal—
ciilations we obtain the threshold valte as having the order of units of Viem
in the case 1u the right-handed polarized field, instead of order of tens units of
V/cm premously obtained (1) - -

As a matd result of our investigations we have found that the mhomo-
geneity of the plasma affect the parametric instabilities of the considered system,
by exciting some new oscillation modes that do not appear in the homogeneous
case, under the same conditions.We can conclude that a right-handed circularly
polarized pump field can excite more efficiently the upper hybrid mode than
a linear polarized electric field applied to an inhomogeneous plasma.

P
'
'
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ALGORITHMS' FOR FOURIER TRANSFORM AND ITS APPLICATION
IN THE EXAFS SPECTROSCOPY
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ABSTRACT. — This paper describes algonthms for the Fourier trasform (FT)
used m Extended X-ray Absorption Fme Structure (EXAFS) spectroscopy
The main properties of the I'T are revised and a comparison of ithe computatio-
nal time has been carried out between classical, Fdon and Cooley-Tukey algo-

> nthmus  An,, extensive descuption of the” EXAFS analysis of a N1 sample
will be given

1 Imtroduetion. The Fourter transform is one of the most common trans-
formation occuring in nature Certain features associated with this transform
are found, used by man 1n a.tariety of occupations and applications For example
the FT-s are used in X-ray diffraction, X-ray spectroscopy, radar, network
design, nuclear magnetic resonance, infiared spectroscopy, random process,
probability, quantum physids ‘boundary-value problems and encephalography
This paper describes classical, Filon and Cooley—TukeV algorithms for Fourier
transform
~ 2. Fourier Transform and its Properties. The Fourier mtegral is defined
by the expression (1)

H(f) = ) exp.(— 2m) dt ’ (1)

If the integral exists for every value of the parameter f then Eq (1) defines
H(f), the FT of A(f). In general the FT 1s a complex quantity

H(f) = R(f) +I(f) = |H(/)| exp (28())) (2)

where R(f), I(f) are real and tmaginary part, respectively, H(f) is'the amplitude
or Fourter spectrum of 4(¢) and 0(f) 1s the phase angle

The inverse Fourier transform (IFT) 1s defined as

-,
ol

we) = [ H(f) exp (2mutf)df ®)

— 0

* Tuststute of Isotoprc and Moleculdr Technology, PO Boa '700, 3400 Cluy-Napoca, Romania
** Usssverssty of Clug-Napoca, Department physics, 3400 Clug-Napoca, Romania
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In dealing with the FT there are a few basic properties -
— linearity . the FT of the sum is equal to the sum of the FT
+ o

S [ (f) + Bho(f)] exp (— 2meft) @t = «H,(f) + BH,(/) (4)

— time scaling: if the FT of 4(f) 15 H(f), then the FT of h(kt) is
S h{kt) exp (— 2roft)dt = S h(t') exp 2roft’[R)dt' [k = 1[k - H(f[R) 6))

—w —

.._:;',
where £ > 0 is a real constaut

— frequency scaling* if the IFTof the H(f) is A(f), the IFT of H(kf) 1s
given by 1/k - h(t|k)

— time shifting - if A(f) is shifted by a constant, to then by substituting
s =1t — £, the FT becomes

0

S It — t,) - exp (2mift) dt = exp (— 2mift) - H(f) (6)

—w

— frequency shifting : if H(f) is shifted by a counstant f;, its IFT is multiplied
by exp (2nif,)

— differentiation - the n-th derivative of the function is proportional
to the FT of the product of its FT and the n-th power of the independent
variable

— convolution : the FT of the two functions i product is equal to the
area under the curves ot the FT of the multiplicand with the folded form
of the FT of the multiplier as a function ot the shifting distance between their
origins .

| &) - 1) - exp(—2mpit = { GUr) - B — 1) )
and - -
§ Gty - H() - exp @rift) df = at) - bt — #) ¢

2. The Diserete Fourier Transform. Taking into account the properties
of the Dirac distribution we can express a discrete series 7, such that:

N=1

hy = 2 h{nAt) 3(t — nAt) (8)

n=0

where N 1s the number of the dirscrete points and A the increment of the ¢
variable, with this assumption Af = 1/NA/



ALGORITMS FOR FOURIER TRANSFORMATION 59

The FT of 4, may be simply stated by substituing (8) into (1) and interchanging
the integration and the summation .

H(EAS) = E Iy exp(— 2meknAtAf) )

7=0

An analogous argument will produce for the IFT .

N—1
hy = 1IN 3~ Hy exp(2ntkn/N) (10)

=0
3 The Cooley-Tukey Algorithm. The classical metod of computing the
discrete FT has been replaced for most purposes by the Cooley-Tukey algorithm
(2) Let us consider a time series X, consisting of N complex points. We first
divide these series mto two subseries Y, and Z, consisting of the odd and even

points

Vi=X, Ko Xu

Zk = Xl; X31 - X2k+1
Now both Y} and Z; have discrete FT according to Eq. (9) and we shall call
them B, and C,

Njg—1

B,= Y, Y. exp(— 4nurk/N)

k=0

E=0,1,2 ,N/2-1 (11)

r=0,1,2,. ,(N=1/2 (12)

Nj2—1
C,= 2, Zp - exp[—2mur(2k + 1)/N]
k=0
Now let us rewrite the transform A, in terms of 1ts odd and even numbered
points and relate them to B, and C,

A, = B, + exp (— 2mw/N) C, for 0 < r < NJ2 (13)

For values of r above (N/2) — 1, we find that B, and C, repeat periodically
and .

A4, + Nj2 = B, — exp(— 2mwN) C, for 0 <7 < NJ2 (14)

We can continue this halving process by dividing Y, into 7, and V, series,
having transforms D, and E, and Z, into ¥V, and W, series, each having trans-
forms F, and G,, and so forth, 'until we have divided each array down into
one point arrays

The eastest way to regard the pomnt shufflings and recombinations necessary
to realize the 51mp11f1cat10ns of the Cooley-Tukey method is to view the trans-
form as a series of 1n N steps (V = 2%, » integer) which are performed on all
data points. The necessary steps are shown schematicallyina signal flow graph
in Fig. 1. This graph shows the array X, at the left side and the array A4,at
the right side. Thus each new data points 1s calculated by relation (13) and
(14). Examining Fig. 1, we find that while the arrays X, on the left side start
in their usual order, the array, 4, on the right side end up 1 a scrambled order
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Cxu o nu wun Ae As Ay Ae Ay, Ag, Ay A, The generality
’(u /><Ao of this order may not be readily -apparent but

it can be best described by looking at the
\\ / /><><r subscripts as binary numbers
0—000, 4—100, 2—010, 6—110, 1—001,
\><><//\>< 5101, 3—011;, 7—111
X ag—

w0 wh w6 © If those subscripts are bit-reversed in binary,
%4 we will have the natural order Thus the Cooley-

/ XXW‘A’ Tukey algorithm produces a transform whose

Xg — .. ' points are shuffed tn binary. bit inversion
/ A\><><2 w53 4 'The Filon Algorithm. We consider the
Xg 4 limits of the interval of the Eq. (1), the finites
wt wb w3 numbers a and b, (b = a + 2nk) The' integra-
%, . tion range (a, b) is divided into a number of 2z
? intervals equal to ¢, and therefore it is necessary
Fig 1. The sgnal flow graph the (0 Bave an odd number of equally spaced values
FT calculated with the Cooley-Tukey Of the function A(f) The imaginary part of inte-

algorithm gral is cvaluated using Filon’s quadrature for-
mula’ (4)

H(f) = kla(fk) [M{a)cos(fa) — h(b)cos(fa)] + B(ft)Ss. +’Y(ft)52»—)1} (15)

wh wb w?

where

oy = Elz ) - sin(ftu) — 1/2h{a) - sin(fa) — 1/2 - h(b)sin (/D)

52,,._1 ‘= 2 ]Z(tz,_}.) - sin(f . tz,_l)', t‘ = a + 1k
1=1 : !

1 sm20  2sin® 6
(‘) /8 += o

B(e) = 2(

___4(51110 ~cos B} ‘

Y

1 4+ cos? 8 s 26
02~ e )

i

For small values of 6(6 <,1) the values of «, B and y are evaluated by deve-
loping m powers of 8 up to the 10th, 12th and and 13th term respectively.
The real part of the Fourzer transform Filon’s, quadrature formula is:

H(f) = k{o(fk) () - sm (fo). = e m(f8) +

4 I 1

BUYCan + Y(ft)Czu'_l}

(16).
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where

Z: h(ts,) - cos (fta,) — 1/2k(a) cos (fa) — 1/2h(b) - cos (fb) ‘

=0

n
Con—y 2'21 h’(t2?—-l) - sin (f for—1)

5 Computational Time for Classical. Filon and Cooley-Tukey Algorithms.
Let us to consider the number of computations rcquired 1f we use the conventio-
nal classical method We shall neglect the time required to compute the sine and’
cosine functions Then, for each H(f) we must do N multiplications for real and
mmaginary part,-hence 2N maltiplications We must do N additions for the
cosine transform and the same number for the sine transform, hence 4N opera-
tions are required for each f function If we wish to compute H{f) for N/2 argu-
ments, 2N? operations are 1equired fo1 the conventional classical method

For the Cooley-Tukey algorithm as applied to this presentation, N must
be an 1uteger power of 2, N = 2* From relations (13) and (14) and from
Fig. 1 we can see that the total number of operations is 3NInN. Based on
our computer program, we can esimate the computational time required for a
FT, utilising the methods presented on § 3 and § 4, for the analitical function

h(t)
_ Bem® >0
we) = lo t<0 (1)
From eq. (1) we obtained
H(f) =—f(2—f) exp {tfarctg (2rffa)]} (18)

and phase function 6(f) = arctg(—2=f/«)
Each of these functions (real, imagmary part and phase function) are plotted
1n Fig 2 to illustrate the various torms of Fourter transform

{au)

Fi1g 2. The various forms ot the FT for the analitical function

s h(t); (—) the.magmtude function H(f), ( ) the imaginary part

’ of the FT, I(f), (— —) the real part of the FT, R(f); (—.—) the
phase function, 6(f)
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The computational time of FT using classical, Filon and Cooley-Tukey
algorithms for trial tunction (17) is presented in Table 1. The computer program
for the Fourier transform was compiled for FELIX C—256 computer in FOR-
TRAN language.

6. Applications of the Fourier Transform in EXAFS, EXAFS is a specific
element of the scattering techniquein whicha core electron ejected by an X-ray
photon probes the local environment of the absorbing atom. The ejected photo-
electron 1s backscattered by the neighboring atoms around the absorbing atom
and interferes constructively with the outgoing electron wave, depending on
the energy of the photoelectrom. The energy of the photoelectron is equal to the
difference between the X-ray photon energy and a threshold energy associated
with the ejection of the electron In the EXAFS experiment the photoelectron
energy is varied by varying the energy of the incident X-ray beam. The inter-
ference between the outgoing and backscattered electron waves has the effect
of modulating of the X-ray absorption coefficient. The absorption spectra deter-
mined experimentally exhibit oscillations in the absorption coefficient on the
high energy stdes of absorption edges. The electron wave k is related to the kine-
tic energy E and to the wavelength A, by the relation :

k= (2mE)2[ = 2n/n, (19)

where m is mass of the electron and # = A[2x.
The EXAFS function y() is defined in terms of atomic absorption coeffi-

clents by: (
x(&) = (& — wollwo (20)

where yu refers to the absorption by an atom from the matenal of interest and
o Tefers to the atom 1n the free state

Theories of the EXAFS based on the scattering of the ejected photoelectron
by atoms in the immediate vecinity of the absorbing atom gives an expression
for y(k) of the form (6) "

x(B) =23 A, (k) - sin [2k7, 4 3,(F)] (21)

where the summation extends over j coordination shells, #, is the radial distance
from the j-th shell and 3§, (k) is the phase shift. The amplitude function A, (%)
is given by: .

A, (k) = (Ny[k7) - exp(—27[3) - exp(— 2k%c)) (22)

In this expression N, 1s the number of atoms in the s-th shell, o, is the rms
deviation of distance about #,, F(k) is the backscattering amplitude and 2
is the mean free path for inelastic scattering. The backscattering factor depends
on the kind of atom responsibile for the scattering. The analysis of EXAFS
data for obtaining structural informations (N, 7, s, A) generally proceeds by the
use the Fourier transform and non-linear least square techniques. From y(&),
a radial structure function |J(7)| can be derived. The single shell signal may
be isolated by Fourier transform (7):

kmax

B(r) = (12w - o) - exp(— 2ir) WE(R)dk ) (23)

kmm
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In this expression WF(k) is a ,,window function” and the integral is extended
over the available % range

The EXAFS spectra of Nz sample have been collected using a conventional
X-ray spectrometer (TUR M-61 type) with a suitable device for introducing
the sample into and off the X-ray beam

The experimental data w(k) and the smooth form of (%), us(k), are shown
in Fig. 3. The EXAFS function y(k) and the radial structure function 9(r),
determinated using the algorithms for the Fourler transtorm described above,
are shown in Fig 4 and Fig 3, respectively.

F
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Fig 3. The EXAFS function of p . x(k) for the
Ni sample; (xxx) the experimental u(k) function,
{—) the smoothed function p(k), (— —) the py(k)
function

he (k)

hstra

0 048

8019
008

-201%
005

-0049
002

' o
K(x"l, k\’\‘R‘A)
n 3 1 S | L I

04 36 68 189 132 10 227 1386 Y] 580
WAVE VECTOR JISTANC:

Fig. 4. The EXAPS function y,(k) for the Fig. 5. The radial structure func-
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Based on the computer program described in (8), we have obtained the
phase shift function for the N1 sample, §(k) = 0043 k> — 1.718 k — 238
Improvements 1n the data cvaluation by means of the algorithms of the Fourier
transform technique have raised the accuracies for the bound lenght determi-
nations from EXAFS data The values R, = 2492 A, R, = 3524 A and R, =
= 4316 A obtained for the coordinatipn radius of the first three shells aie
m accordance with the known crystal structure of Ni when the phase shift 1s
taken into accont '

! Table 1

The ecomputational time of FT using eclassical, Filon and Cooley-Tukey algorithms for trial
funetion.

Theory Experimental
n N = on T(class) T(class ) Time required toFELIX C—256
T (C—T) T(C—T) T(Filon) (sec) T(C—T) (sec)
4 16 27 24 0,005 0.005
5 32 4.3 41 0.154 0015
6 64 71 64 0.347 0.027
7 128 122 118 0 668 0.051
8 256 213 207 1.122 0119
9 512 380 32.1 3341 7 0.328
10 1024 68 2 595 13.521 0.450

In conclusion we remark that the Fourier tramsform of the EXAFS data
permits a determination of the local structure about an X-ray absorbing atom
which, 1n principle, can be located in crystalline or disordered phases. For a
great number of experimental data (e g 'greater than 200) .and when the coor-
dination shells are distinctly separated it 1s better to,use a Cooley-Tukey algori-
thm ; else we sugest to use the Filon algorithm for the Fourier transform
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ABSTRACT. — The effective, radial and orbital magnetization coefficients
were introduced. They are connected with the ionic distorsion in the framework
of orbital overlappimg deformable 1ons model m a weak crystaline field Concret
kett, k;, ko values mn a graphical representation versus magnetic susceptibility and
versus repulsion energy Eg are given The importance of the second neighbour

interaction beween ions is revealed too.
I

Introduction. The knowledge of the behaviour of ionic diamagnetic crysta-
line compounds in the magnetic field supposes a lot of difficulties because of
the ions diamagnetic free state. In the crystalme field, thc Langevin suscepti-
bility ya; of the free ions is modified, and, at the same tume, a paramagnetic
Van Vleck susceptibility arises. Thus, such a system involves a measured dia-
magnetic susceptibility y = s+ xp[1] - x4 and yx, bemng thermally and
magnetically independent, their separate determination by experiment is quite
impossible. Theiricalculation implies many complications for they are not separa-
tely gauge origin invariant.

In the present paper we are introducing the magnetization coefficients of
diamagnetic ions by passing from free state to crystal, in the presence of a mag-
netic field. They are suggestively expressing the change of the charge density
for free ions, when they are turning in to crystaline state

Diamagnetic coeficients of magnetization. In presence of the magnetic field
the magnetic susceptibility of diamagnetic free 1ons 1s given by

LAHIBT = 4] .y 18] (1)
and the magnetic susceptibility of the crystaline ionic compounds A+tB~ 1s
XE:H'B—] — ng:j' B-] + X£A+B_] (2)

x!4*B7] represents the measured magnetic susceptibility y.
The Langevin diamagnetic susceptibility of the ions in a weak crystaline
field is [2]
X.E‘::' B-l=Fk; x%"’] [B~] (3)
k being the effective radial correction function, obtained using the anionic and

cationic radial correction function in the framework of the deformable ion
model [3].

* Polythencal~ Instutute’ of Cluj-Napoca, 3400 Cluy-Napoca, Romania
** Uswversity of Clug-Napoca, Department of Physics, 3400 Clwy-Napoca, Romana
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The radial deformation of the ions A* and B~ in a weak crystalline field
implies a charge redistribution, in a localized charge and in a non-localized charge
The latter is correlated with paramagnetic Van Vleck susceptibility

Xj[;H-B_] — ap k? {X5§+] [B—]}Z (4)

determined by the orbital overlapping model of the radial deformable ions in
a weak crystalline field [4]. The bonding parameter a, of the ions in crystal
[5] is depending on the lattice energy E, and on the overlaping parameter
1,167, as follows

2

2 (73
ap= Sy [~ E] = ()
[
Ne*ygaj

where ap is the Bohr radius, and y, =

6m

The effective magnetization coefficient 1s defined by the ratio

A X~ Xag

k‘ff:—xz-——=k'+ko (6)
X Xa

where

[4+,B-] __ _ [4+B—]

o= % _p 1 (1)

[4+1[B—]
24,1 -

is radial magnetization coefficient, and

7([A+15e—]

v — 2 _ [A+][B—
= s =% Rt 8)
PEN]

o

represents the orbital magnetization coefficient, connected to the nonlocalized
charge density of diamagnetic deformable 10ns system

Results and discussions. Using the magnetic susceptibility experiemntal
data y [7], the calculated values y; [8], and the effective radial correction
function %,, we have obtammed the magnetization coeffictents &y, £k, and &,
as defined for alkali bromides As seen on Figs 1 and 2, we can make some
remarks on these coefficients introduced by us Thus, the ionic distorsion
largely differs from anion to cation The anions are tighteming and the cations
are loosening in crystal relative to frec state When the positive ion size lar-
gely differs from there negative partner in crystal (IaBr, NaBr), the ionic
distorsion of the cation is negligible, reletive to that of the anion, and the
second mneighbour repulsion becomes predommnant. Thus, the orbital overlap-
ping is determined only by negative ions, the big part from kg being
given by the negative ion. The effect of sécond neighbour repulsion is important
in those crystals where the size of ions largely differs from one another. On
the other hand, in crystals composed by ions in comparable sizes, the effect
of second neighbour repulsion is not high. In this case both the anion andthe
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cation are responsable for radial and orbital deformation in crystal The effect
of second neighbour repulsion is expected to be smaller in crystals composed
of 1soelectronic 1ons than in the others

The chemical bonding in crystal 1s determined by the non-localized charge
in the valence region, corresponding to orbital overlapping of the external 1onic
deformable orbitals 1n crystalline tield A very small value of the effective
magnetization coefficient A, cannot be supposed due to a radial deformation
absence of the 1ons 1n crystal, but a compensation ot the diamagnetic and para-
magnetic moments in the bondmng region 1s present The increase of radial
deformation ot tons 1 alkali bromides exhibits an increased value of the orbital
magnetization coefficient %

Coneclusions. The magnetic cocfficients, eftective k., radial 2, and orbital
k,, 1ntroduced by us 1n this paper, in the {ramework of the orbital overlapping
model, allows to connect the magnetic response of the alkall bromides (and other
halides) crystaline systems with the charge distribution in crystal An increased
value of the orbital magnetization coefficient assumes an 1mportant non-locahzed
charge.
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ABSTRACT. — The parametric mstabilittes of a magnetized inhomogeneous
plasma with density gradient perpendicular to the external magnetic field is
studied, by applyng the method of [4] based on multitime scale peiturbation
It 1s found that three new cases of excitations of parametric modes appear due to
inhomogeneity, and the two cases that appear in the homogeneous case are
not affected

The parametric' mstabilities were intensively studied [9] because of their
applications in devices proposed for thermonuclear fusion, astrophysics and
electromics It 1s ot interest for the study of this problem to use a perturbation
method of multiple-time scale [3—8], [11] The purpose ol this paper 1s to ge-
geralize the method 1n [4], applied to homogeneous plasma in the case of the
mmhomogenous one Parametric instabilities m an inhomogenous plasma were
studied [5] by using multitime scale and by us [2] with the method already
used m [1] and [10]

In the present paper we mvestigate the effect of the combination of the
applied oscillating electric field and a constant magnetic field perpendicular
to the former, on parametric excitation of electromagnetic waves propagating
along the constant magnetic tield As i [4] we choose the coordinates so that

E,, =E, coswt (1,0, 0), or K = K(0, 0, 1) and E,, = B, (0, 0, 1), where l_ff,

and Ea are pump field and the constant magnetic field, respectively The plasma
inhomogeneity 1s taken mto account through the density gradient at the point
7o - .

n=Ng' Vulr=r, (1)

where we have taken 4, =0

By applying the perturbation method of multitime scales to systems formed
from Viasov and Maxwell equations, when the small parameter 1s the ratio of
the electron excursion 1n the applied fields to the wavelength of the parametri-
cally excited wave and eluminationg the secularities, we have obtained the follo-
wing results
1 When w, = w, + w,, K, = K,, where w,, K,, w,, K, satisfy the dispersion
relarions for longitudinal and right hand circularly polarized waves, respectivelly

W — 2KE — (1 4 Kf“’) =0 2)
’ wf
wy — wHw) + Q) — 2K2(w® — Q) + jw| Q wi=0 (3)

* Unsverssty of Clup-Napoca, Departsent of Physics, 3400 Clus-Napoca, Romama
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with the well known expressions for plasma and cyclotron frequencies
2 47N e

Wy = ——— (4)
m
and
eBa
= e (5)

a being the thermal velocity. In this case the possibility of excitation of a trans-
verse right polarized wave and a Langmuir wave appears, which propagate in
the same direction The growth rate is given by the root (the positive real part)
of the equation:

blba
w,+w :{: v b,b‘ (6)
where
2 a’ wg — wf, — weld 2 2 2
bl = w'wPZTtZ ZK]' —TT' + [wo(w;, — Wo + QZ) + wPQJ .
w, — (2)?

J-——— L Vi8meeef[ 1+
wl(w +0)  ww,+ QP (&, — Q)

4 1 6ulQr 4 Qb
w'"'_’”'_i_] [(wo — wp — w, - Q) + wo(w) — w5 + Q) + Quj]-

(w? — Q3
[ 1 . 1 1 _ ] (7a)
wilw, + QF  wi(w, 4+ QF  owiw, + Q)° oy 4 Q)

K2 210, 17 3K20*
by = 83| —w, — T ”’(1 1 )] 7
2 ﬂ[ " Tl T+ op (7b)

2 — 2 — .0

by = wi2nK, (o (14 2R R (7¢)

o}  ww, A

w? 9K? at
by = 4An?| —w, + _’ 14+ — (7d)
wy

a = eE, w} (Q° — wf) (76)

mw, [ Q% — () — wp*)

cu 4 = Q2 — w?
2. For the case w, = w, + w, K, = K,, where w, is the frequency of the left
handed circularly polarized wave:

wh — wi(w; + Q) + 2K2(w? — Q) — |w,| - Qui =0 (8)

the result can be written by doing the replacements w, - w, and Q —»—Q in the
preceding equations (7a)—(7e).
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3 For the case w, = w, + @, there are two giowth rates for each of the right
and left hand circularly polarized modes

M o, = \/ (—#Bs + c2) (— 1By — 04) ()

4a,a,
Cq 165) (cg — 1by)
N, = \/ (10)
(1B + co) (—2Bg — €4)
L T (1)
(65 — 1bg) (cs + tb;)
2 g, = \/ — Al (12)
\vlth
2 ( r 3KZq ) e
t, = —W,W — w, —
. e+ w o) T e

& [2 ( 1 3K2 o2 ) 1 SKZa? ]
i w —
Be w"")’u w,+ﬂ+(w,+0)“+w,—ﬂ_](w,—Q)“

. @(wh — uwd) 1 3K~ o 1 3K2q2
6y = — Wy, + ———F [( + o + +

24w, w, + Q (wr + wy — Q (w, — Q)3
Cg = — W0 7 — v ( 1 s ) (13)
8 s 24w, wy + Q (w, + Q)3

b, = w,w), al( S SKEMZ)
’ rO N al\e, + o ' w, + QP

where a;, B,, b; are obtained from a,, B, b, and ¢g by replacement w, - —w,
with a minus sign in front of B,

4. When w, = 2w, the growth rates are obtained as:

P __ leg + wbg)(cs — 1by)
i, = | - eI 04)
(cs + 'bn) (c; — 2bg)
)\ZID = V 4“1‘13 (15)

where ¢g is obtained from ¢, with replacement ot w, » —w, and ¢, from ¢ with
Q- —Q; b, is obtained from by with w, » —w, and by from b, with Q- —Q.

5. When w, = 2w,, the growth rate is
= = \/ (Ce — +04) (69 — 1b30) (16)

4a,a,

where b,, is obtained from —pB, by replacing Q - —Q.
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The last three cases of excitations of parametric instabilities appear as a result
for plasma inhomogeneity, whereas the first two cases are identical with the homo-
geneous one. For these cases the excited waves propagate in the opposite direc-
tions. By applying the method of multitime scale perturbation the parametric
instabilities of a inhomogeneous magnetized plasma were found, with density
gradient perpendicular to the external magnetic field. Due to the inhomoge-
neity of plasma in the system, three new cases of excitations appear.
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ABSTRACT. — A sinusoidal signal generator for differential recording of NMR
and QNR spectra, synchromzed with a quartz generator, ensuring a high fre-
quency and amplitude stability 1s presented The working frequency range of
the generator 1s between 100 Hz— 10 kHz and relative frequency stability 1s better
than 2 1078

Introduetion. One of the essential problems in observing Quadrupolar Nu-
clear Resonance (QNR) phenomon and Nuclear Magnetic Resonance (NMR)
in general, is the 1mprovement of the signal/noise ratio The decrease of the ,,pas-
sing band”’ of the processing circuits of the QNR signals brings with 1t an increase
in signal/noise ratio. For this reason the technique of differential processing of
these signals 1s used In this case, the working principle assumes the modulation
of the radiofrequency field with a low frequency signal of w, frequency After
detection only the fundamental frequency (or one of its harmonics) 1s selectively
amplified, up to a level suitable for phase detection In such experiments the
first derivative of the absorbtion or dispersion curve 1s recorded By this proce-
dure the ,,passing band” of the circuit can be preferencially narrowed It is worth
pointing out that in this case the ,,passing band” 1s positioned around w, fre-
quency, and not around zero frequency, where the spectral density of the noise
has its maximum (due to instability, faiding and so on)

The use of selective narrow band amplification requires for the low frequency
generator, by which the support signals in QNR are modulated, a good frequency
and amplitude stability, as well as a low distortion quotient In this paper we
are proposing a modulation generator for the differential recording of QNR sig-
nals

The .Amplitude and Frequeney Stahility Features of the Modulation Gene-
rator. For the setting up of a low frequency generator, of high frequency and am-
plitude stability, the common practice is-to make use of operational amplifiers
Our oscillator incorporates such operational amplifiers conected 1n bridge, to
which the double feed back principle-1s applied The block diagram shown in
Figure 1 contains the active element (AE) and the group which ensures the feed
backs (FBG) consisting of filter ¥, which represents the phasorial element (PE),
and the automatic amplitude control (AAC), as a friequence independent element

The operational amplifier, which plays the role of the AF, 1s meant to have
a transfer funcfion, represented by a real number In such cases the generator
works on the quasiresonant frequency o,, 1mposed by the transfer characteristic
of the filter F (w, is the frequency for which the filter F has a real transfer) _

* Unversily of Clwy-Napoca, Depariment of Physics, 3400 Cliy-Napoca, Romasnta
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The frequency instability of the generator
’ AE 2| 1s due to the variation of @, and of trans-
———————— e fer A of the active element The w, frequency
I variations are due to temperature changes, to
B A IIFBG time etc, which affects the components of
_________________ _i + the filter F, while the variation of A 1s due
to the power supply voltage changes as well
Pig 1 as to the temperature changes The effect of
A variation on the oscillation frequency stabi-
Ity 1s much greater compared with that caused by o, vanations, as it
results from the tolowing analysis
The F filter 15 a classic ,,band passing’ filter, realised with passive RC com-
ponents In the same way as for the LC circuites, we may detine an analogue
quality factor Q but 1ts value 1s smaller in this case [1] Nevertheless, the Q-
value could be easily incieased, by several orders of magnitude, using a bridge
circutt (Fig 1) Such an increase of Q-factor implies the increase of the amplifi-
cation A of the active element, which entails an increase of its instability On
the other hand, the active element used in bridge geneiators must have both
,inversing” and ,noninversing” inputs For this reason we have used monolitic
operational amplitiers, which for the frequency range of interest (100 Hz — 10 kHz)
have the phase difference mput-output corrected to the value of abou —=/2
In order to ensure a stable behaviour of the generator the condition to be
fulfilled is:

- d=1 M
where%}, and A are the complex transfer functions for the FBG and AFE respectively

If one rewrites explicitly these notations, by taking é = g% and A = 47 the

relation (1) 1s equvalent to-

64+ 04=0 (2)
and

B-A=1 @)

Equation (2) is the phasorial oscillation condition while equation (3) is the ampli-
tude condition.

Usually, for the setting up of bridge generators one cares that condition (3)
is satisfied so that the AAC, characterized by the B,4¢ transfer, should be obtai-
ned with nonlinear components, whose parameters are dependent on the signal
amplitude (incandescent lamps, thersmistors, diodes, field effect transistors, ana-
logue multipliers and so on) (3, 4]

The way in which one realizes the AAC is essential. In our case it is achived,
as shown before, 1. ¢ by the automatic fitting of the B,.4c transfer, which leads
to the change of the transfer A, of the active element. Then the corresponding
deviation of the frequency characteristics of the FBG are shown in Figure 2.
As one can sec, the B44c values are shifted to the left or to the right relative to the
initial value [2] If, for example, under the effect of temperature the phase angle
of the transfer characteristic of the active element is modified by A6, (the
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g}ﬁfj wr)

Fig 2

transfer function modulus remains unchanged), then we must also modify the
Ba4c modulus, so that in the new state the (2) and (3) conditions are satisfied
again (see Figure 3)

According to (2), the phase angle of FBG must be changed by A0 = —A6,.
In addition, according to (3) te modulus B(w,), ©, beeing the new oscillation fre-

I

ABlwg)
)

Fig. 8
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I /50 quency, must remain unchanged

and equal to 1/4 Figure 3 shows

o A that the only result 1s the displace

oo to the right of the FBC characteri-

T < stte, without any change in oscilla-
Z ~ tion frequency

yw:w, Rl The modification of the tran-

VRY

sfer tunction modulus of the active
element has an important influence
on the oscillation frequency stabi-
lity (Fig 4) The frequency charac-
teristic of the FBG element, fo:
the 1nit1al value of the amplitica-
Fig 4 tion, 1s indicated by the left circle
and the modified phase 0O, value
of the filter, shown in Figure 4, corresponds to w, frequency A change by AA
of the amplfication produces such a change m Ba4c, that the amplitude con-
dition (3) remains valid
The oscillation frequency determines the phase characteristic of the filter
According to Figure 4 one can write the approximate relation

:‘;’/5:/(_..)/’

1 1

A—Ad) A4 A
S (4)
Brlwr) A? Br(w,)

But A0 = (o, + Aw) — 9(w,) = §'(w,)Aw, hence Aw, = A8/0'(w,) By divi-
ding both sides of the last equalil with w, one obtaines

Ay =

Ae, A (5)

Wy oy §(ey)

By introducing the quality factor Q of the FBG, as usual
1 ’
nglmr'e(mr)l (6)

from (5) and (6) we have
Awr

wr

with Q dependent only on qualities of the FBG circuit Now, taking into account
the expression (4) for A0, we have
_ Abp 1

20p 20r Brlwr)

Aw,

1 AA
- A4 8
- A. (8)

Wy

We note Qi = @ Brlw,) — the Q-factor of the arm ot the bridge which contains
the filter Here Qg 1s the Q-factor of the filter at frequency w,, and Bg(w,) is the
modulus of transfer function ot the [ilte:r at cuasiresonance frequency w,.
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The relation (8) allows us to drow the tollowing conclusions

— The frequency stability of the generator does not depend on the stability
of the phase deviation of the amplifier, around the 6(= —=/2) value,

— The frequency stability of the generator depends strongly on stability
and on the value of modulus of the amplification ot the active element

The Construetion ol Modulation Generator The principle diagram of the
modulation generator which we have built 1s shown in Figure 5 The filter cir-
cuit, which determines the trequency of the oscillation, can be followed in Fi-
gure 6 By using the T, (ROS02) MOSFET, which rotates the phase by 180°,
this circuit ensures the inverse reaction between the output of the active ele-
ment and its noninversal input The attenuation of ths scheme 1s shightly com-
pensated by the R; and R, resistors

The amplitude condition (3) and the automatic amplitude control are ensu-
red by the phase detector built on a TAAG61 (A;) integrated circuit, and by Ag
integrated circuit The phase detector compares the phases of two signals of the
same frequency, one supplied by the generator itself, represented in Figure 5
and the second selected from a numeric freguency meter (not shown in figure)
by a commutator By means of the R,; potentiometer one can control the phase
of signal selected from the frequency meter

The voltage on the gate transistor T, 1s established tor the best working
regime, by means of R, potentiometer. The phase (frequency) deviation of the
sinusoidal generator, due mainly to the changes in signal amplitude, generates
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e £ a reaction voltage across the phase
76'07‘8 2 4 Out detector Ag and integrator A5.P This
7 voltage acts correspondingly upon the
,Q} gate of T,, reestablishing the preselec-
& ted frequency by an indirect, but very
o I efficient, action on the signal ampli-
tude.
Fig. 6 The oscillation frequency of the

. generator, for the RC filter type
which we are using (Fig. 6), can by determined from the relation given in [1]:

1 .
W, = —= 9
Y ©)
and the Q-factor can be determined from the relation
_ e 10
Ot = TFe £ oop (1

For p—» 0 and y — oo, in such a way that py = 1/3, the Q-factor receives its ma-
ximum value. This maximum value of Qu for our circuit is 0,325 and is grea-
ter than the maximum value for the Q-factor of a clasic oscillator with Wien
bridge [2], for which Qu max = 0,125.

From the expresston (10) it 1s clearly seen that for approaching the maximum
value of Q-factor it is necessary to select the filter components in such a way
that the input resistence is low, while the output resitence be large emough.
The output resitence of the active element will not have a significant influence
on the frequency stability. This 1s because its effect can be included whithin
the amplification magnitude We cannot say the same thing about the imput
resistence of the active element of the amplifier, nor about its eventual varia-
tions. Though, in order to avoide this influence, two MOSFET’s have been con-
nected to the input of the amplifier

The operational circuit, connected as noninverting follower, has the role to
prevent the influence exerted by the charge variation upon the generated fre-
quency. The generated signal is delivered out on two ways, by means of the ope-
rational amplifiers A, and A,. The necessity of a double output was determined
by the double differential detection offered by the selective detection and ampli-
fication system and by the QNR detection device for an automatic tuning on the
quadrupolar resonance frequency.

The measuring of the output voltage (the voltage used for frequency modula-
tion, for a differential detection of the QNR oscilator-detectors) is done by simple
electronic voltmeter, having a vary good scale linearity for the frequency range
of interest. This voltmeter is built up on the T, and Ty group of trausistors.

This amplifier has quite good performances: a broad passing band and suffi-
cient resources for amplification. In order to reduce its nonlinearity we made
use of the negative feed-back, from the output to the input of the amplifier. The
detector group current generates a voltge drop on the Ry, resistor (Rg =~ Rgg),
which is the fed-back signal that linearizes the ratio input voltage/output current.
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The magnitude of the negative feed-back and of sensitivity can be controlled
by commuting the resistors Rgy + Ry with the %23 commutator.

The main characteristics of the generator are:

— The maximum output voltage 10V, ~ ;

— The frequency stability: (Afff) <2 .107%;

— The distortion quotient: < 019%;

— 'The generated frequencies * 100 Hz, 500 Hz, 1 kHz, 2 kHz, 5 kHz, 10 kHz.
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Ligit Scattering in Solids (I), Second
Edition, M Cardona (Editor), Springer-Ver-
lag, Berlin, Heidelberg, New York, 1984,
363 pp

Two of the causes which impeded the
studies on lLight scattering through semi-
conductors as to those on hquids and gases
have lamm in the need for excitation of the
Jasers of power and more sophisticated
spectral equipment as double and ftriple
monochromators, necessary for such stu-
dies

Once these difficulties have been ove-
come, the number of the scientific reports
has increased dramatically — the here re-
viewed book being the first volume of the
four meant to systematization in the field

Chapter I, after an account of gene-
ralities, dwells upon Lght scattering on
one and two phonones, the Raman resonan-
ce scattering included

Chapter II deals with some essential
aspects on light scattering in semiconduc-
tors and 1solators such as the scattering
cross-section, selection rules and an intro-
duction to the microscope theory

Chapter III focuses on Raman reso-
nance spectroscopy pointing to the con-
tribution of the electron state participating
i Tesonance to obtention of information
on the scattering mechanism and the elec-
tron-photon interaction Models of interpre-
tation of the resonance spectra are describ-
ed

Aspects on light scattering with im-
plication of a technological nature are
presented in Chapter IV, which includes
Raman scattering through a fiee-electron
gas, bound electrons and holes In all ca-
ses the specific effects of the intricacies of
constant-energy suifaces in sermuconductors
are considered

Chapter V is allotted to Raman scat-
tering through amorphous semiconductors
Some pecuharities of the spectra determin-
ed by short-range order and chemical
bonding are discussed The Brilloumn and
the stimulated Raman scattering are dealt
with 1n Chapters VI and VII

Althoug each chapter 1s contributed
by different authors, the book poses pre-
sentation umity By both content and re-
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ferences the book turns essential for those
mvolved 1n hght scattering through solids

T. ILIESCU

M Young, Optics and Laser, Second
Revised Edition, Springer-Verlag, Berlin,
Heidelberg, New York, Tokyo, 1984, 269 pp

The book consists of the lectures de-
livered by the author at Rensselaer Poly-
technic Institute, Department of Physics,
University of Waterloo (Canada) The pre-
sent (second) edition 1s revised in that most
recent publications have been inserted in
the references and also some new chapters
have been 1ncluded

We consider that one of the great
merits of the book 1s that in a restricted
number of pages (256) the author has been
successful 1n presenting the most impor-
tant aspects of the modern and classical
optics Thus, Chapters I and II give a brief
account on the basic notes of geometrical
optics with application i1n the running of
optical equipment.

After dealing, in Chapter III, withthe
main problemes of photometry, as well as
the most oftenly used light sources and
detectors, the author dwells upon interfe-
rence and difraction of light in Chapters
IV and V, while 1in Chapter VIII he approa-
ches polarization of light.

Although the number of the pages of
the book 1s relatively small, the author
considered 1t useful to devote one chapter
to the modern notions of hollography and
the Fourier optics and another one to la-
sers (Chapters VI and VII) The last three
chapters (IX, X and XI) focus on aspects
relating to optical waveguides and integrat-
ed optics

The material 1s presented gradually,
stress being laid on the physical meaning
of the phenomena, the use of an intricate
mathematical complex being thus avoided,
yet without diminishing the scientific ri-
gor The solution of each paraghaf-ending
problems brings its share in inforcement of
the exhibited 1deas.

The book 1s fluently written and it 1s
very useful for those eager to initiate them-
selves 1n the mistery of optics

T. ILIESCU

INTREPRINDEREA POLIGRAFICA CLUJ,
Municipiul Cluj-Napoca, Cd nr. 445/1986.



TIS

Revista stiintificdA a Universitatii din Cluj-Napoca, STUDIA UNIVERSITA-
BABES—BOLYAI, apare incepind cu anul 1966 in urmatoarele conditii:

matematica — trimestrial

fizicd — semestrial

chimie — semestrial

geologie-geografie — semestrial pentru geologie si anual pentru geografie
biologie — semestrial

filozofie — semestrial

stiinte economice — semestrial

stiinte juridice — semestrial

istorie — semestrial

filologie — semestrial

Studia Universitatis Babes—Bolyai, the scientific journal of the University of

Cluj-Napoca, starting with 1986 is issued as follows:

mathematics: quarterly

physics: biannually

chemistry: biannually
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philology: biannually



Abonamentele se fac la oficiile postale, prin factorii pos-

tali si prin difuzorii de presa, iar pentru strdinatate prin

-ROMPRESFILATELIA®, sectorul export-import presa,

P. O. Box 12—201, telex. 10376 prsfir, Bucuresti. Calea
Grivitei nr. 64—66



