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THE EFFECT OF GERMANIUM DOPPING ON THE PHYSICAIL
PROPERTIES OF YBa,Cu0,_; BASED COMPOUNDS

E. BURZO*, V. POP* and M. QANA*

ABSTRACT. The doppmng of YBa,Cu;O0,_s compound with germanmum ionms,
leads to a decrease of the superconducting transition temperature, and an
increase of the width of transition Above~ 100 K, the compounds show a tem-
perature independent paramagnetism The magnetic susceptibilities increase
when increasing germanium content :

1 Introduetion. In a previous paper [1] we studied the effect of zircontum
addition on the physical properties of Y Ba,Cuy,O,_5 superconducting system As
a part of an one gowmng mvestigation of the effect of substitution, we report mn -
this paper some physical properties of ¥Ba,Cuy0,_s compounds doped with ger-
manium .

The transition temperature T, of ¥Ba,Cu;_,M,0,_s 1s strongly suppresed
by substitution of Cu by .M = Fe, Co, Ni, Zn, Al, etc [2, 3] The Cu 1o0ms
in ¥Ba,Cuy0,_; system occupy two different sites one 1s Cu(l) site on chains
and another Cu(2) site ur planes [4] The three valent substitutions tend to the -
chain copper site and increase the overall oxygen content in the chamn region, .
apparently disordermg the chamns This -leads to a phase boundary between
orthorhombic and tetragonal-type structures near x = 0,03 For two valent ions
(Zn, Ni) the samples remaimn orthorhombic for all x values. The superconduc-
ting transition temperature decrease nearly linear when increasmg x. It 1s sug-
gested that Zn and Ni 1ons are randomly distributed between two sites (5, 6]
or have a preference tor the “plane” site [6] There seems to be little overall
change 1 oxygen content, and very little impact mn the chain ordering.

It 1s also of interest to analyse the effect of dopping ¥Ba,CuyO,_s with
germanium 1ons Commonly these 1ons are m (4-4), state, having 1onic radius
7o+ =044 A In some cases may be also' n (+2) valence state with 7ges+ =
= 0,65 A The radius of Cu2+*ions 15 7cer = 080 A Thus, from the point of
view of their dimensions the germanium 1ons may occupy copper sites orf/and
to be arranged i sorie interstitial lattice sites.

_ 2 Experimental. The samples: were prepared by solid state reaction. The
mixture of ¥,05, GeO,, CuO and barium carbonate, m required proportions, were
homogeneized, finaly grinded and-calcinated The calcination has been made in
the temperature range (920—950°C), 1n oxygén atmosphere After calcination,
the samples structure was checked by X-rays The tormation of perovskite struc-
ture was evidenced n all cases The calcmated samples were finely grinded and
then compacted at a pressure of 3 #/cm? The sintering has been performed 1n the
temperature range (930—960)°C 1n oxygen atmiosphere The sample were then

slowly cooled.
i

® University of Cluj, Deparlment of Physics, 3400 Cluj-Napoca, Romana
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The final X-ray analysis shows the presence of the orthorhombic type strué-
ture The lattice parameters increase slowly with germanium content (figure 1).

Electrical resistivity measurements were made by usmg a standard four
probe techmique, in the temperature range 77—300 K

The magnetic studies were performed with a Faraday-type balance, m the
temperature range 77—300 K
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Fi1g 1 The X-ray diffraction patterns of ¥Ba,Cu,0,_s doped with v+ = 015 (a)
and 2 = 030 (b) GeO,
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3 Experimental results. The temperature dependences of the electrical
resistivities for YBa,Cu,0,_ s compounds dopped with x = 015 and x = 0.30
GeO, are plotted 1n figure 2 The germanium addition decrease somewtth the
superconducting transition temperatures; 7', although these still remain higher
than 87 K for x = 03 The superconducting transition temperatures seems to
be nearly linear dependent on the germanium content (figure 3)

The width of the transition AT =T pee; — 1 geo Was also analysed. By T opeet
1s denoted the onset temperature of the transition and 7'z, 1s the temperature’
corresponding to nearly zero resistance As seen 1n figuré 3 the AT values imncrea-
se when germanium content 1s higher

The temperature dependences of the magnetic susceptibilities, %, are plotted
in figure 4 The sudden changes of x values around 90 X are connected with the
superconducting to normal state transitions Above ~ 100 K, the susceptibilities
are not temperature dependent The y values mcrease when 1oncreasing germantum

content, as evidences m 1nset of the figure

4 Diseussion. The X-ray analysts of germanium dopped compounds shows ~
the presence of solid solutions at least up to x = 03 No other phases were evi-
denced, suggesting that germanium 1ons were incorporated m VBa,Cu,O,_s
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F1g 2 The temperature dependence of the ellectncal resistivities for samples with x = 015 (a)
. and x = 030 (b) GeO,
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T Fi1g 3 The composttion dependence of the superconducting
. transition temperature and of the width of the transition.
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Fig 4 The temperature dependences of the magnetic susceptibilities The composition
dependence of the susceptibilities 1s plotted 1mn the inset
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lattice. There are some pos1b111t1es for localization of germanium 1ons These may
substitute copper 1lons, to be situated in interstitial positions or to occupy both
mentioned types of site The presence of orthorhombic type structure, even for
x = 0 3 suggests that germanium jons are not localized in chaimn sites (Cu(l)).

The germanium 1ons seem to be not randomly distributed in lattice, as evi-

denced by the increase of the width of transition, when mcreasing germanium con-
~tent There seems to be regions with somewhat slightly different composition
ranges The widths of superconducting tramsitions m our systems are greater
than for example mn vanadium’ doped Y Ba,CuyO4_5 [7] This hay be ascribed to
different type of sites occupled by germamum as suggested by dimenstonal con-
siderations

The composition dependence of the transition temperatures is not so strong

as evidenced mm YBa,Cu, ,M,0,_; compounds with M = Fe, Co, N1, Zn, Al
ete [2, 3] This 1s expected only 1f a limited number of copper sites are affected
by substitutions

i« The magnetic susceptlbﬂltles above T, are not temperature dependent and

increase w1th germamum content The copper 1ons seem to be m non-magnetic
state

1
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° LANDAU DAMPING SIMULATIONS

SPERANTA COLDEA*

ABSTRACT. The existence of YLandan damping (so called collistonless damping)
1s discussed, the theory of this basic process in a cold and a warm plasma and
the corresponding dispersion relations and growing rates are done Subsequently
the imput data and the results obtammed by an onedimensional electrostatic
smmulation code are done and compared with theoretical results Finally the most
probable mechanism of T,andau damping 1n a plasma 1s presented.

\
.

1 Introduction. The existence of plasma oscillations was first demonstrated
some time ago [1] for a homogeneous, infinite, onedimensional plasma system
of fixed 1ons and a cold electrons fluid. The dispersion relation for Langmur
(plasma) oscillations, without an external magnetic field, was _given as

o, B) =1 — 22 — 0 , (1.1)

1162 . :
where ‘*’;2,,: 22 15 the electron plasma frequency.
meg,y

' The dispersion {w», k) diagram 1s a flat line and, consequently, the plasma
oscillations have zero group velocity.
Subsequently a plasma of warm electrons and rigid 1ons was considered [2]
and after the analysis was obtained that for small wavelengths (kA, > 1) the
plasma osc111at1ons obey the followmg dispersion equatlon

S

u)2 ‘02
. slo, ) =1——2 -3k =0 : (12)

where the thermal velocity 1s v = KT , T, bemg the electron temperature The
g p

m
plasma oscillations with small wavelengths (kw,. /vy, = kAp > 1) have a small
but finite group velocity, smaller than thermal velocity Afterwardsthe disper-
sion relation for a hot plasma was obtained and this relation contams the so cal-
led kinetic Landau term (a complex contour integral)

~ g 2

o, B) = 1 — gl - Z(E0) = 1+ (1 + B ZtEd) (13)

where

® w .« mlf2 '
= — == N 1 4
gc \/2 E op [‘2 k. kl[Z T‘l/2 ( )

\ ~ . ~

* University of Cluj, Department of Physics, 3400 Cluj-Napoca, Romanra
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Analysing this dispersion equation it was concluded that the electrostatic wa-
ves of a warm plasma are also damped in the absence of collisions This Landau
damping or collisionless damping [3] is a basic phenomenon and one of the most
discussed process m plasma physics

Subsequently the physical meaning of Landau damping, by neglecting the
collisions 1 plasma, and the corresponding mathematical treatment will be de-
tailed. The simulation method applied to plasma physics will supply the absence
of experimental data and we witl describe the Landau damping 1n a plasma without
collistons as a phase mixing of the initial perturbations of the plasma system.

2 The theory and the physical meaning of Landau damping. The theoreti-
cal study of continuous medium oscillations 1s based on the Fourier analysis
of the movements 1 space and time, by considering perturbations of the form
exp (1kx — o) and obtaining the linear dispersion relation between the frequen-
cy w and the wave number £ © = w(k), we use here the lmearized Vlasov equa-

tion for the distribution function of efectron velocities, f (;_L:, v, £), which descri-
bes the dynamics of a plasma

K2 . R LG T 91
3t+v 3x+;\ v 0 (d)

So being, the equilibrium distribution function, and the selfconsistent electric
field 1s done by the equation

oo
- 9E _a .
s = e (22)
where |
o) = /o, 0,0 dod, (23)

Making the assumption that the variations of the distribution function per-
turbations and of the electric field E have the form exp #(k7 — wt), it was obtai-
‘ned the following equations

q- 1;4 - fi(o) (2.4)
and

; (2.5)
from which results the dispersion relation for longitudinal electrostatic plasma
oscillati ons.
\ ’ o +oo
14 -£ S ) g (2.6)
cohm (0,— & - v)

-~ ’ ' ’

f

\
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. The mtegral in (2.5) must be clearly defined because of his singularity at
v = ofk This smgularity was neglected by Vlasov himself [4] passing over the
collisionless damping which could result, such a singularity not bemg accepted
from the physical point of view [5].

The best modality to analyse the Vlasov equation 15 to consider 1t as an ini-
_tial value, problem and to calculate the system response to a determined mitigl
value of the perturbed electrons distribution function [3]

- The time evaluation of the perturbations could be studied be using the time
Laplace transform (with Re p > 0), defined as follows:

Jik0, 8) =\ e, v, 8)dt ‘ 2.7)
and ’

D(k, p) = S e~ ®(k, £)dt. (2.8)
. .
for the electrostatic' potential ®(%, £), which is introduced by the relation : E =
= —vO.
—(22) are wrtten as

}

g—}—iﬁﬁf—z——k'q o 0 (2.9)
' . ot m v L
and .
k2(1)=ig‘fdv . @210y
The inverse, Laplace transforms are defined as
G 4100
: 1 .
Sl =y | aeree o)t . (2.11)
' , ‘6 100 , . \-
’ Ok, 1) = S o (b, p)dp . @1z

g —1 00

and exp(pt)— 0 when p—- oo, for £ << 0 For ¢ > 0 the pole could be closed by a
semicircle m the right half of the (Rep—Imp)-plane. °
The integral on this contour 1s zero when his radius »—» co, because by de—
fmition do not exist’sigularities included in this contour. Because this mtegra.I
1s zero the integral on the Bromwich contour (defined by o) must also be zero.
" The Laplace transforms of the eq (29)—(2.10) are of ‘the form

e+ Rfh, v, ) — ok - L O, ) Lo = gk, v) (2.13)
/ . 4w .
B0k, p) =2, S f(k, v, p)dv T 214)

~

By considering perturbations of the form exp(zkx) the eqﬁationé (2.1) —.

’
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 where gk, v) =f(k v, t = O): AS},olving the eq «(2 13) we optain"' o

et 1 q y)
Hpl kv, ———{kv+¢k ok, v} 2.15).
I ) R b e LR R
which is replaced in the eq (2:14) with the result ,
g §° o0 ’
gohk? P+ kv ) .
o D(k, p) = ~ e : ©(2.16)
o [1;_1 il S fé(v)di"] \
“ehm ) (p+ ko) |
and then )
y i . / oo
: : et
L ) (p + tkv)
, Srv,9) = s 0 g Sl —< (2.17)

(p+m) m (b + ko) '_[1_.«12 S folo) dv
. J)p—}-zkv)

where p is a complex varjable‘ and the integrals are not well defined. In the eq,
(2 12) O(%, p) is replaced from eq (2.16) and for £ < 0, O(&, t) = 0, the perturba-
tion being introduced at ¢ = 0. The f-integral for ®(%, £)'1s evaluated with the
Cauchy theorem (or assomptotically for #— o).

Landau has made the assumptmn that g(k, v) 1s a whole function (fm1te for |
the finite values of v) and 'the integral

.

| kegm

+o0
&k, v)

(p -+ zkv)

(a)

analytically contmued in the left semiplane-p defines a whole functmn of 5.
The same argument is also valuable for the mtegral

+ o
, S folv)dv (b)
X (p + ko)
—00 s
This con51derat10n permits us to use the smgulanty, by mtegrating below it
in the complex plane-v when ;b moves from the right semiplane to the left one,
the movement of the pole v = 1p/k is made as follows: when Re(p) > O the in-
tegral (a) 1s well defined because his pole is in the upper semiplane. When $ mo-
ves with Re(p) > 0, the pole v = 1p/k crosses the real axis and moves 1 the lower
semiplane ' (k£ > 0) (see the fig 1).
The' initial distribution function folv) is con51dered to be of the Maxwell-
Boltzmann type - !

. e Y12 o
f(v)fn‘?(zﬂkr} 'EXP( 2kT)- ’ E (2.18)

\
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«pot , planul v N
AT TS
Relp)>0 .
. . Re(p)=0 - Re(p)<0

F1g 1 The complex plane v and the poles for the integrals (2 15)—(2 16)

The potential ®(k, ?) is a ratio of two whole functions of complex Varlable
¢ and then 1t is also a whole function of

The integration contour becomes deformed in the left semiplane assuring
that all the poles of the integrand be at the left of the deformed contour.

The poles come from the zeros of the denominator of the expression (2 16):

1 — .2 S fidr - o " (2.19)
kegm ) (P 4 thv)

if we note the Landau contour by C It was deduced that for Re(p) > 0 does not
exist roots of the eq (2 19) when f,(v) 1s of the form (2.18), and does not exist
1n this case growing solutions (instabilities) [3]

Because do not exist poles mn the night semiplane, the contour C 1s deformed
like 1n' the' fig. 2, where o is at the left of all p,(k) (the zeros of eq (2 19))

On this deformed contour (b) the electrostatic potential 1s evaluated as fol-
lows

—oa 100

ER,, ePalh S Ok, p)emdp (2 20)

—a—10

lRe(p)=0 I—:__\—J) Re(p}=0
, =
Im{p}=0 I_m(p):O
i o -
=0 \
{a) {b)

F1g 2 The deformed contour G (Landau contour) and the poles p,,(/e) for the
integral (2 19) in the complex plane Re(p), Im(p)
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, . /
when f— oo the mtegral from the right hand of eq. (2 2) 1s annuled : the contribu-

tion of poles p,(k) 1s dominant at {— o and 1n this case we have only a dispersion
relation of the form :

) D(p, k) =0 _ ‘ (2.21)
This dispersion equation, which is valuable for many applications, explains
the dispersion -of the electrostatic plasma oscillations only when, after an enough
long time, the contribution done by the integral will be damped. Landaulhas done
a solution of the plasma oscillation modes for the limit of long wave lengths (small
wave numbers &) and for times {— o0 [3]° Re(p,)— 0 and Im(p,) remans finite
when k£—0 The pole from the complex plane will be under the real axis:

P —w 4y ‘ (2 22)

where [y | € © We use the sign of o so that the wave propagates i the positive .
direction of the x-axis, when 2> 0

The eq (219) can be written as

1 - qg ft;(v) dv — 0 (2'23)
ek ( 1p .
v '

with the contour C illustrated m the fig 3

1l

v v=iP/k ,
\J -— Im{v)=0

Fi1g 3 The contour G around a pole v= tp/k of the integrals (2 23)— (2 24)

”

Then we can deduce that there are two contributions to the imtegral of eq

(2.23), one from the real axis and.the other from the itegration on the semicircle
around the pole ‘

)y dv _ p
24
o 2
(=)
C
where the first contribution 1s the principal part of the Vlasov kinetic term and
the second 1magmary term 1s small. The principal part P 1s easy to be evaluated

if we use the mtial assumption [3] for the real and umaginary paits of the poles
Pr(see eq (222)) The pole v = 1p/k will appear for large values of the velocity

[

Sﬁ% + nfy (o) (2.24)

1
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v, where f,(v)-— 0 and we can evaluate the integral on the Ieaf axis by expandmg

the integrand after the powers of & -
1 ,
P Sﬂ-—ﬂ— ~—* ifi(l——1ﬁ‘—l— ...)dv:
dv p.) 1P dv - P
v—,1
2%
N E2. " +w

=——n=——— xvtd 2 25
o= —2 ot (2.25)
— 00 . .

The eq. (2 25) is introduced in the dispersion relation (2 23) with the result
I . M. s (v - ¢%] =0 (2.26)

mey (—10 + 7)2 gok’m

~

equation which ‘could be solved by the method of succesive apprommatlons con-
sidering p = —1w + v, with |y| € o The first approximation will be obtained
by neglecting v and the small imaginary part of the equation (2 26) u’nder the form

1—22 —0or o=oq, (2.27)
(.02

ne? \1/2 -

Of & = Wy, =

“Includmng also the term in y and making the series expansmn after this pa- .
rameters we obtain the expression

(228)

~
~

l L ope T '(%e)
. 2 Regm 0 lk

we have considered here that for a Maxwell distribution function f; << 0, do not
appear growing waves and then the expression (2 28) represents the damping
rate of electronic plasma oscillations By subst1tut1ng Jfolwp./k) from eq (218)
we will obtain c

o = BV ke o a0 e 2.29

. ’ Y ( ) B hevTe exp [ 2k=u’T,) (2.29)
, where

2 Te
: V7, = Oy, * — < (2.30)
we define \ ,
. . Moo =25 . | (2.31)
! Wpe I

~ as being the Landau wavélengths and then Y can be written as

. 12 . 1 _ 1 3 \
T= T ‘( 8) B - ADe exP( stﬂu) : ‘2'32)

!
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Thls result, as the first’ appromma.tlon © = O, certifies the presumptioh
initially mmade that Y] <€ . '

An other simple approximation of the plasma’oscillation damping can be
made in the region of small wavelengths A < Ay, In this case it was considered
that tor a large k, w/k < 1 The oscillations with A € Ap are-damped in a fraction
of a wavelength and then does exist collective oscillations of the plasma

As a conclusion, the expression (2.32) for y i8 the coefficiént of so called, “col-
lisionless damping” or Landau damping of the electrostatic oscillations of a plas-
ma This Tesult could not be verified by experiments but dlﬁerent physical in-
terpretations were proposed The most realistic and explicit mterpretatlon 6]
was done as follows' the expression (2 32) for y shows that the oscillations damping
is due to a small part of the electrons which move with the wave phase velocity
vy, Those electrons are resonant which can intensively interact with the plasma
wave The particles which move with ve1001t1es something less than wave phase
velocity will be accelerated, will take the wave 'energy, and the particles with the
velocities larger than vy = w/k will transfer energy to the wave In the case of
a Maxwellian distfibiition (f(w/k) < 0) there are more particles which move slo-
wer than the wave, than those which move faster As a result the resonant elec-
trons absorb energy and so the wave 1s damped

3 The particle simulation of Landau damping process. The use of computer
simulation method to study the Landau damping in a plasma 1s a way to verify
the theoretical results and to supply for the absence of experimental data ; the
results of such a particle simulation of this process confirm.the analytical ‘data
establish the phys1ca1 meaning of the collisionless damping, which 1s not only
" a consequence of the integration on the complex contour but actually it consists
in a phase mixmg of the initial perturbations from the plasma.

Using the electrostatic onedimensional model (code) of part1cle simulation,
also used for other plasma processes [7, 8] the followmg ‘mput” data for T,andau

dampmg are introduced m the ES1 programme : >
Nr of Nr of Nr of Compens ' Atetiuation- Time History of
spatial  steps species  factor factor " step Fourier energy
cells ' | : ' . (modes)
| NG=""NI= NSP= Al=05 _AZ=1 DI=01 MPLOT=
Ingen = 128~ =200 > = 2 ‘ ’ =1,234
- |-236 . ’ End
Species 1 Nr of particles Plasma frequency Thermal velocity (quiet star or not)
N = 1024 = 210 WP = 0,383 T1= 0,0, 1=25—4
= 512=2° . =0,9
Specie 2 N= 128 ' WP = 0924 T2= 00, . i glm = 001
v ' =05 . e
. ' . . Mode= 1 _ ‘End ' '

After running this programme,- we can see that the MODE—I presents a
dampimg at £ = 30 If we take a larger number of electrons N = 4096, the physi-
cal properties of this damping will be detalied From the diagrams of electrosta_
tic field energy evolution ‘the linear damping rate of the wave amphitude can b
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deduced and compared with the analytical result which 1s subsequently done
[4], the nonlinear trapping frequency of the electrons by the wave can be also
deduced

Y = = | — E ]IZ . Dpe . JE— 1 J— .g— 9
r=o ( 8) B Ape eXp( 2k0h, 2 (2 33)
2 d ap, =2
for - > ug \ and Ap, P
If w, =09 (from simulation) then y = o, = —0 058
¥ =, = —0 058 ) (2 34)

Other results which are obtained after the computer simulations are the
electrostatic plasma wave will be damped with the damping rate

v =0, = —0.15 - , | (2 35)

\

a value which 1s enough closed tothat expected from the lmear theory [4] but
we can see that the wave energy decreasés by just an order and then the damping
is slow A similar result was obtamed by other authors [9] by using a simulation
technique which includes a quiet thermal start

If we use the parameters vy, = 0.5 (or v, = 0) will be not obtamed an ex-
ponential decreasing of the wave amplitude as in the first case To reproduce more
exactly the Landau damping the following simulation expedients will be used.
the electrons will be devided in two groups, as different species of particles —
cold and warm electrons, With a Maxwellian distribution of velocities

We choose the values o)j,, > vf and k- v, ® 0, and the phase velocaity vy
is placed at the largest slope of the distribution function Jo,(vy), so will exist many
particles i the caption region, but the damping rate is v € .

Another expedient permits us to decrease the necessar particle number in
‘the simulation, N, € N, means that the cold electrons transport a much lar-
ger charge than the warm electrons We use for cold electrons Q/m = 0.01 with
the aim to avoid a nonlinear response and N, = NG, this simulation expedient
. does not affect the plasma oscillations behaviour at the constdered small ampli-
tudes. The imput parameters used 1 this case of simulation are the following:
INGEN DT =0.1, NT = 1000; NG = 256; NSP =2; A2 = 104; IPHI =
= 20; IXVX:ZO; MPLOT = 1,2, 3,4

The hot electrons are specified by the data.

N, =24; WP =0383; v0,=009
and the -cold electrons byrthe values-

N, =256, QM =001; WP =0924; 2,=00; vr,=00; v, =25-10"¢
(MODEL 1).

There 1s also the posstbility of mtroducmg so called “marker” electrons, the
third specie of particles in the simulation code, with the following parameters:
N, =1020, NLG =1020, Q/M = —01; w,=1071; 2,=0.9,
vr, = 0.8; 0.9; 1.
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The results of these simulations are done in the fig 4a — d and fig. 4¢ which
represents the evolution in the phase space (v,, x) and the electrostatic field ener-
gy evolution

The fig. 4a—e represent the time ¢ = 2, 16, 20, 40 in the interval 0 <
€ % £ 2 and indicate the “markers’ at the velocities v =08, 09; 10. Each
particle 1s represented twice, once at (¥, v) and second at (x -+ L, v)

In the fig. 4d can be seen the decreasing 1n the oscillation energy In the fig.
5 the mode-1 energy variation 1s done, being observed the oscillation damping
also as a function of time The growing m wave amplitude, which is observed in

~ o (a)
/N N\
0'90/\_/\/
080/\/\/

" (b)

0 1 0 2 & 6 8

e
o

12

Fi1g 4a—d The phase space (v,, x) evolution of the plasma system at the
tumes = 2, 16, 30, 40

2 — Physica /1990
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Fi1g 4e The evolution of the electro-
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Fig 5 The tune evolution of the mode-1 oscillation energy

the fig 3 after the running time ¢ = 45, 1s due to the electrons caption in
the wave field Using only the particles with critical velocities 30 9 the simula-
tion to set—off also the nonlinear process of electron caption 1 the wave po-
tential and their balance can be seen in the {ig 6 for the mode-2 energy.

. In the fig 7 1t can be seen the damping m time of the wave electrostatic field
energy which represents the same evolution compared with that from fig 4f
in phase space

These diagrams obtammed 1n phase space (v,, x) contam iformation about
the integration code of Vlasov equation for f(x, v, £} which represents an other
modality of plasma describing o,
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07
| ! 1 1 L
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F1g 6 The nonlinear trapping and balance of the electrons in the wave potential

}

1 1
0 10 20 30 40. 50 60

I 1

Fig 7 The time damping of the electrostatic field energy of 'the electrostatic
waves

4 Conclusions. The Landau damping 1s a linear phenomenon which 1s diffi-
cull to recover for any significant period of time because m'a short time the
nonlinear processes of trapping and balance which appear m a plasma impose
the end of the damping , usually the nonlinear processes from the real or simula-
ted plasmas consist m the fact that the initial equilibrium is strong distorted or
distroyed as the wave amplitude grows very large (the nonlinear stage of the plas-



20 S COLDEA

ma instabilities) In our case of performed simulation we ascribe the nonlmearity
which limit the Landau damping to the process of electrons trapping by the waves.
From the same reason the linear stage decreases for large perturbations since the
trapping period decreases As a conclusion we give a more detailed physical
meaning and the most possible mechanism of the Landau damping Considering
a Maxwelllian distribution of plasma electron velocities there are some electrons
which move ‘more rapidly and some of them which move more slowly compared
with the phase velocity v; = wfk If we use a system which moves with this ve-
locity v; the wave potential 1s a sinusoidal one in % and decreases 1n time with
a damping rate w, = y Neglecting temporary this decreasing 1t can be observed
that the electrons with the velocity in the imterval (v = @[k = vy,,,) Will be trap-
ped by the wave, having an oscillation around vy, with a frequency wey,y,, we
can see that the relations between these parameters are the followimng

%m Ve = q® (31)

and
M - m,z,aﬂ = qgk?® (32)
where ® 1s the highest amplitude of the wave component with phase,velocity
Uy, '
If we return in our analysis to a fix reference system we ean observ that the
resonant electrons with the velocities v = (% — Upappr 5;:—) are changed with

those with velocities ¢ € (%, % + v,,,,,,,,), m a time ¢ 2 w/ey,,, 1f nttially there

are more slow electrons, with v = ‘% — Vpapps 3} , will appear an amplification
k

of their energiés, which 1s supplied from the plasma wave energy and mdicates
why the damping rate , 1s proportional to (df,/dv) = % and explains the collision-

'less dissipation which leads to Iandau dampmng m a plasma

i

. ’
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MAGNETIC PROPERTIES OF Fe—RE—B METALLIC GLA(SSES

GII. ILONCA* and V. IONCU* N

ABSTRACT. Amorphous Fe—RE—B alloys (RE = E;, Ho) were nvestigated
The temperature dependence of magnetization shows a maxunum at low tem-
perature The Curie temperature and the mean maguetic moment of iron and
RE decrease with increasing RE content The values for critical exponents 3§,
B and y 11 the immediate neighbourhood of Tc were obtamned from magnetic
measurements, and these values are 1mn a reasonable agreement with those derrved
from the theories based on the three-dimensional Heisenberg model

1 Introduetion. The study of magnetical properties amorphous alloys with
the additional of a small amount of a rare earth element to binary iron-boron -
metallic glasses have shown that these impurities alter magnetic and other phy-
stcal properties [1—4] The mfluences of rare earth elements may be explamed
by taking mto account 1) the size effect of rare earth (RE) atoms, this may
cause a disturbance of direct exchange between iron atoms thereby decreasing
(or increasing) the Curie temperature of the Fe—RE—B amorphous alloys com-
pared with the binary Fe—B [1], 2) the magnetic moment of RE, siice, 1t al-
ters the net magnetization of the alloy, 3) the high chemical affinity between
RE and B atoms, which may lower the mobility of boron and makes higher the
crystallization temperature by stabilizing the amorphous state , 4) the exchange
interactions between the magnetic active atoms

The strongest nteraction in crystalline and amorphous RE—TM (transition
metal) alloys 1s between the 34 moments The smallest mn strenght 1s the interac-
tion between the localized 4f moments [1] The interaction between the 4f and
3d moments m all heavy RE—TM alloys gives antiparallel coupling

In this paper we present results of a study the influence of erbium and hol-
mium on the magnetic properties of Fe—B amorphous alloys with respect to the
grant magnetic moment of Er3+ (9 60 pp) and Ho3+ (10 6 up) for a free jon

2 Experimental Teelniques. The Feg, ,RE. B,z (RE = Ho, Er and 0 <
€ x £ 9) ternary alloys were prepared from Fe—RE and Fe—B alloys by elec-
t11c arc melting 1n inert gas atmosphere The amorphous ribbous, on average about
25 u m thick and 5 mm wide were made by single-roll melt-quenching on a cop-
per-nickel roller mn an mert amorphous gas and were judged 'to be fully amorphous
by X-ray diffractions All the samples used in this mvestigation had been pre-
viously relaxed 1 an o1l bath at 500 X for 2 4

The magnetization and magnetic susceptibility were measured usmg the
standard Faraday techmique [5].

3 Results and Discussion. In general the temperature dependence of the
zero field spontaneous magnetization os(0, T) and of zerofield magnetic suscep-
tibility x(0, T) are of special mterest Both quantities have been derived from mea-

* University of Cluj, Departinent o! Physics, 3400 Cluj-Napoca, Romania
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surements of the magnetization o(H, T) as a function of the magnetic field H
and temperature T. According to Krommuller [6], the deviation, As(H, T) from
absolute magnetic saturation as(0, 0) is composed of three terms

Ac(H, T) = Acg(0, T) + Acp(H, T) 4 Acs(H, T) (1)

where Aoy ~ T3, Tepresents the effect of single-particle and spin wave excitations
in zero field. , ‘ :

Aop = ypH + «TH2 (2)

results from paramagnetic processes such as Pauli paramagnetism and the spin
wave gap gupH and finally

Acgs = C/H™12 4 C,H ' 4 C4H? (23)
account for spin inhomogeneities
tions

In Fig 1 we show temperature dependence of mass magnetic polarization
6 of Fe—Er—B and Fe—Ho—B m the 77—600 K temperature range where the
amorphous alloys are in' paramagnetic state

due to stress sources and local structural func-

&110° Wh Kg') e

1 ! ) t
0 0.25 05 0.75 10
T/ T =

Fi1g 1 Temperature dependence of magnetic polarization
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Fig 1b Temperatwa dependence of ﬁlagnetlc polarization

We used a relative temperature scale for the better comparison

The amorphous Curie temperatures, Tc, as a function of RE, (RE = Er, Ho)
concentration Fig 2 On alloymng RE, the Curie temperatures decrease on straight
lines This indicates that Er and Ho added to Fe—DB weakens the ferromagnetic
exchange between 1ron atoms This decrease of Curie temperature, may be caused
by the size-effect of the Er and Ho atoms due to the distance — dependent ex-
change mteraction or the magnetic moment of 1ron pg., 111 the given alloys de-
creases due to electron transter from Fr, respectively Ho, to the 3d band of 1ron
[7] like that of boron to 1ron [8] On the other hand, Er—Fe of Ho—Fe mterac-"
tion 1s more stronger than Er—Er, or Ho—Ho interaction This RE—Fe mterac-
tion (RE = Er, Ho), together with the random single —ion anisotropy of the
RE atom, may lead to a misalignment between iron moments

The magnetization data plotted agamst 1/H are shown i Fig 3 The stralght
Jines show that CiH ™12 and C,H? from eq. (3), (the terms which result from point-
like defects or 1nagnet1c amsotropy fluctuations on an atomic scale, and isolated
quasi-fluctuations) are negligible mn compar1son with CH~* whichus due to quasi-
dislocation dipoles
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The T2 dependence for many amorphous alloys was verified [9] but from
the series of amorphous Fe—RE—B (RE = Re and Ho) alloys only the ninary
Fe—B follows this dependence (Fig 4). The o (T?%?2) curbe in erbium and hol-
mium-containing alloys has a maximum This maximum is more remarkable
in the alloys containing more RE and on increasing the Er, Ho content 1t is shif-
ted towards higher temperature. '

The given results suggest that the magnetic moments of RE, (Er and Ho)
atoms are oriented antiparallel to rron moments. This is in agreement with the
results on many amorphous RE—TFe alloys [10]

From the measured ¢ (77, 0) values we determined the mean magnetic mo-
ment Ureyre Which 1s a function of erbium, respectiv holmium content (Fig. 5)
We have calculated p$isgg for collinear antiparallel ortented RE and Fe mag-
netic mament usmg pge = 103 ys, pr, = 960 ps and ppe = 2,05 pyg We have
obtaineda good agreement between experimental and calculated values (Fig. 5).
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F1g 4 The plots of ¢ (H, T) versus T3i2
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Fi1g 5 Mean magnetic moments versus Er and Ho content.

The magnetic phase transition 1s described by

\, =t ] for T (4)
X—l — _9'2 (_,I‘—__E)Y for T < Tc - (5)

Qq T, .
o(H, T) = C,HW for T =T, (6)

where B, y and & are critical exponents and ag, bo/a, and ¢, are the critical coeffi-
ctents Since eq (6) 1s true only at T = T,, we ploted 1 |#nc = f(ln H) and we
have used an interpolation formula given imn ref. [11] A strait lme was fitted
for each temperature by the least-squares method for 10 experimental points.
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The temperature dependence of the slope c*~!of the straight line fitted for ex-

perimental points could be interpolation formula [11] o*(T) =439 —0.48.

%(T — 592 2) The value o* at T =T, gives the value of the critical exponent.
We have obtained the following values for cr1t1ca1 exponents o =410 — 510;
B=041-044 and y =120—-1350

4. Conclusions. We have investigated the influence of Er and Ho on the tem-
perature dependence of magnetization in Fe—RE—B alloys

The T3%?2 dependence at low temperature was not verified

The magnetization decreases with decreasing temperature and values of cri-
tical exponents 3, B, ¥ suggest us an antiferromagnetic coupling betiveen the ato-
mic moments of Er, Ho and Fe !

The amorphous Fe—RE—B alloys exhibit a' well defined magnetic phase
transition with critical exponents in a reasonable agreement with those calculated
on the base of the Heisenberg model .

v

REFERENCES
"1 N Heiman, K Lee, Proc Int Conf Magn, Magn Mater 34, 319 (1976)
2 O.Dusaet al, J Magn, Magn Mater 41, 119 (1984)
3 L, Potocky, I Kovac, Ih Novac, E KisdiKoszo and A. Loviés, Proc. of
the Fifth Int Conf on Rapidly Quenched Metals, Bd H Warlimont, 1984, p 1153
4 Gh Ilonca, I Ardelean, and M Oamnd, Proc of Conf Advanced w Physiwcs, Cons-
fanta, 1988, p 317 :
M Hurd, Cryogenics 6, 264 (1966)
Kronmuller, IEEE, Trans Magn 15, 1218 (1979)
J Tao et al, Solid State Commun 13, 1491 (1973)
Hasegawa, R Ray, J Appl Phys, 49, 4174 (1978)
W Cochrane’/ G 8 Cargill, Phys Rev Lett 32, 476 (1974)
K Bhattacharjee et al, Physica, 91 B, 179 (1977).
Arrot and J E Noakes, Phys Rev. Lett, 19, 786 (1967). -

r—owoo\lcnm
R E O

Pt



STUDIA UNIV BABES-BOLYAI, PHYSICA, XXXV, 2, 1990

A

DEVICE FOR THERMOSTATTING SMALI, ENCLOSURES
SYNCHRONIZED  WITH, THE NETWORK FREQUENCY

V. IONCU*, GH. CRISTEA¥*

ABSTRACT. An istrumént capable of thermostattng small enclosures perfor-
ming, at the same time, the temperature control within less then 4- 0 01 K, and
temperature measurement with accuracy better then 0 1 K, 1s proposed Hehlum
or nitrogen vapour flow 1s used as thermal agent in the low temperature domaine
The varicap diodes or platinum resistors are used as'temperature sensors The
device 1s suited for temperature control in NMR and NQR studies, 1n phase tran-
sition and single crystal growth studies as well as for the measuring of the super-
conducting material parameters.

Introduction. A device for thermostatting the enclosures having the volom
smaller then 100 c#?, which assures 1its temperature control within less then
-0 01K and temperature measurement with accuracy better then 0.1K 1s decri-
bed 1n this paper Unlike the previous devices 1ntended to such purposes which
were, generally, orientated towards so called “in phase-control” of the power
[1 — 3], we propose a scheme working on the “synchrome-control” principle,
also called “switching at passing through zero” In the domam of the low tempe-
ratures a helium or mitrogen vapour flow 1s used as thermal agent The device
is suited for temperature control in NMR and NQR studies, m phase traunsition
and single crystal growth studies as well as for superconducting material parame-
. ters measurement

The temperature programming cireuit. Instead the description of the func-
tioning mode of the apparatus, whose block diagrame 1s shown i tigure 1, as a
whole, we present first the role played by each of its blocks.

The temperature programming circutt: (Fig 2) 1s realised by means of the
I, operational.amplifier The group of the resistive 'switches X, and K, allows
the rough selection, in steps of 50 K, respectively of 5 K, of the temperature do-
main which has to be stabilized The P, potentiometer assures the tine, 1e.
continually, adjustment of the temperature withim 5 K Practically speaking,
the obtaming of the pre-established temperature 1s equivalent to the restormg
the equilibrium of the voltage at the input terminals of the I,, operational, so
that its output voltage 1s zero

The 10 mV|K voltage at the mversory mput terminals of the I, operatlonal
is supplied by the circuit amplifying and lineanizing the signal given by the tem-
perature sensor Depending on the magnitude and the sens of the temperature
deviation from the pre-established value, a voltage will appear at the I, opera-

,tronal output This voltage automatically commands one of the variants of the
analogous digital converter (ADC) of the delta/sigma type [4] This type of con-

* University of Cluj,-Department of Physics, 3400 Cluj-Napoca, Rimenia
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Stabilized .
power supply

i
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Fi1g 1 The block *diagram of the thermostatting mnstrument

verter has been accomodated to accomplish an itegral synchrone command of
the power m the thermostatting load

The ,,in phase-eontrol” versus ,,synehron-control”. The applications of the

different semiconductor switching devices (thiristors, triacs ete ),,described pre-
viously [1 — 3], to the electric power regulation m lcads functioning alterna—
timng current circuits has orientated so far, generally, towards the so Called
phase -control” of power (Fig 3a)
The “in phase-controlled” regulatois are simple but a serious difficulty arises,
however, concerning the suppresston of the perturbating radiofrequency spectrum,
which appears as a result of the initial pirofile of the harmonical evolution of the
impulses The spectrum suffers changes according to the degree ot the adjust-
ment, the nature of the load and so on. The avoiding of radio interferences 1s
particularly difficult, especially when high power 1s controlled

When the feeding voltage 1s not harmonical (but squre) and the power 1s
a lmear function of phase difference (Fig. 3b), another question must be resolved
This 1s the necessity of linearization of the adjustment chaiacteristic In the case
of sinusoidal evolution of the signal, the power does not change 1n a linear manner.
However, available power may be estimated by calculating the integral of the
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signal over a whole period of time, using the sampling side of the voltage. The
analogical character of the “in phase-control” manifests itself even m the limita-
tion of the temperature and/or of the long lasting stability of the circuits (the
phase-circuit, the semiconductor components etc )

In many cases, especially in controling of the thermal processes, finds 1tself
an application so called “synchronous-driving” which, though yields a perturba-
ting radio spectrum too, 1s much smaller [5, 6] The functioning prmciple
ot the analogical-digital (4/D) converter with synchronous-driving 1s autlmed
figure 3 TUnlike the “in phase-control” command, here not every halfwave of
the network voltage 1s commanded The voltage {current) evolution remaine har-
monical but 1t changes periodically, together ‘with the switchings, so that to the
controller arrives the needed number of halfwaves The figure 3 justifies also
the name of “switching at passing through zero” given to this kind of control.

Owing to the reduced level of the voltage (and current) mmpulses (4, &, =
= 0), which occure 1n the switchimng moment, the distortion spectrum i1s practs-
cally negligible as compared with that appearing 1n the case of “in phase-control”.
Concerning the power, the most simple are the regulators with synchronous
command, which are very much similar to the classical ones, having two alterna-
tives, of on-off type

The order of magnitude of the thermal sources and environment time cons-
tants 1s much higher then the period of the network voltage Therefore, m order
to obtain the pre-established temperature 1t 1s not decisive the sampling of cvery
halfwave Depending on the requirements of the regulating stage, only the ra-
tio between the number of the active halfwaves and the number of the blocked
halfwaves 1s decistve for transfering power towards the lcad, 1 a well determined
instant of time To 1illustrate imtuitively, the physical phenomenon taking place
we present in figure 4 a succession of sinusoidal voltage patterns

The comparation between the “m phase-control” and the “synchronous-
control” of the heating source 1s possible with the help of figure 4 The analysis
of this figure logically leads to the conclusion that heating source can be contro-
lled not only 1n two positions but also in steps, by changing the ratio of the num-
ber of the active halfwaves on the load to the number of blocked halfwaves ,
Therefore, the impulses succession, which releases the switch, must be matched
to the requirements of the analogous nature of the control This means that a
linear dependence between the mput cantities (voltage m our case) and the amount
of energy transfered to the load should be assured A synchronized -version of
the analogous-digital converter (of delta-sigma type) has been used by us, for the
control of the impulses succession

The analogous-digital eonverter. In figure 5 we present the dlagramme of
the apalogous-digital converter constructed by us, in order to control synchro-
nously the block driving the triac The alternating voltage of the network, having
the frequency of 50Hz, 1s used for control only after it has been shaped in a rec-
tangular one, of 100 Hz, which 1s synchronous with the passings through zero
The voltage shaping 1s done m the monolitic circuit g of the phase blocker and
in the circuits Ig + I, of frequency devider (Fig 6) The access of the umpulses
(~0 5 ms width) to the optocouplings O; and O,, to drive the triacs, 1s comman-
ded by the analogous-digital converter The mformation 15, transmited from data
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F1g 5 Utilization of analogous-digital converter for the load power command b) means
Of the triac

.

input D to the output Q (or Q) by means of the active front of the tact 1mpul-
ses delivered by the bi-stable D (1/2 I;), determining 1n this way the state of
the "Iy . comparator nput

As 1t has been previously pomted out, the comparator switches at the ns-
tant when the “tooth” from the integrator’s output passes through zero level.

—
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-

l Tact 100 Hz

Fig 6 The time base and phase blocking circmat ¢

o

The log1cél level at the output of bi-stable D changes as soon as the comparator
switches over.

“Tipping the output of Q (or Q) and releasmg or blocking,- stmultaneously,
the gate Pg (Py3) 1s always synchronous with the positive front of the next tact
impuls Depending on the connection manner of the gates to the tipping circuit

Q (or Q) they are always active (or blocked) for a single time interval ¢, (or %)
. of the mtegrator period. The workmg mode of this unit can be properly unders-
tood by simple mspectmng the time diagram i Figure 7 For this sort of command
both posttive and negative halfwaves are used

In order to perform a high quality synchronous regulator it was necessary
to select an integrator having a large time constant, when we have built the analo-
gous-digital converter For exemple, to distinguish the order of units (in percen-
tage) 1t 1s necessary that the repetition period of the converter to be approximati-
vely equal to 100 X 10 ms = 1 s The convertion slope can be modified by choo-
sing the proper value for Ry resistor The length of the integrator’s period changes
according to the value of the controlled voltage' Because the ratio ./t (£/Z,)
1s used for the control (Fig 7), generally speaking. this 1s not a deficiency On
the contrary, since the temperature depepdence projects itself identically both

in the limited mterval 4,(¢,) of the convertion penod and in the entire time inter-
val

The optoelecironic couplmg bloek. The coupling which 3 we have m mind 1s
between the power group and the detector of anomalies Both from practical and
security reasons are adequate to comnect the controller. with the power switch
by means of a transformer or-by an electrooptic coupling device, avoiding mn
this manner ‘the galvanic contact between controller and network The electro-
optic controllers are 1deal for optimum control, as they assure a good separation
of control block from unetwork

The control of-a high power circuit, by means of low power signals, energized
directly from the alternating current network, may be obtatned in'version pro-
posed by us The d ¢ voltage of —15 V, feeding the T (7,) transitor, 1s obtamned
with the C4(Cyq), D1a(Dys), Diy(Dyg) and Ry (Rygs) group For the log1ca1 level

— Physica 2/1980 -
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L at the PB(PQ) exit, a sufflcrent rllummatron 18, created by electrolummrscent diod,
'so that the phototransrstor m’optocoupler works In such condltlons the T,(T,) tran-
slstor opens and a current of about 10 mA passes through the controllmg gate of
the trrac As a result the trrac opens too and rntroduces a new charge in, cirenit.
When loglcal level at the PB(PQ) gate exrt is changed to H fthe tr1ac becomes blo-
’ The R95(R99) re51stor rapd Cyg(C 17) capac1t0r ehmlnates ‘the possrbrhty of noise

I
appea.rance and Improves the workmg confldence 1n the case, When the load has
mductrye features too J (Ih g e S S ey e

RN short the detector of( anomahés is &. srgnalhng:devme It is buﬂt usmgjthe
D, Dzo, Rgz, 'Ry, and D17, Dm, R0 le groups Its role 1s to signalize the'm-

| terruptron of the load ceasing in consequence, the thermostatting of the workmg
enclostite. 7 " AN A NS T see b i R 2 A
§an N fa r"«.'i ) G e s bt Bar o N
{11 Conelusions. The thermostatting ,mstrument realised allows- the - extension
rof ameasurement. possibilities of ‘the NQR ' .spectrometer, ito- which. 1t 1s attashed,
-in a large domain, of temperature and; att the same time, 1mproves the accuracy
,of phase transition.temperature’ measurement:;By. moving the-switch K, :(Fig.
2) from posttion 1 1nto posttion 2, the thermostabilizer may, be commanded with
‘an. external-voltage, and- programmed for'the thermal, tréatments of, materials
-or for single crystal growings - The. main purpose of the instrument is to assist.us
‘inmeasuring. the parameters of thelnew, high temperature superconductmg)ma-

iterials and in performing accurate,NQleeasurements as function, of temperature
|

“-
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MINISUPERSPACE TWISTOR QUANTUM COSMOLOGY

'

'S. VACARU*

ABSTRACT. — The twistor wave funcjion of the Unwverse 1s mtroduced
Using twistor methods;a finite-normed solution of the Weeler-De Witt equation
for a homogeneous mumsuperspace model 1s constructed

1 Introduetion. The Pénrose’s twistor programme [1] intends to give a
new approach for describing physical phenomena and laws by methods of al-
gebraic and complex analytic geometry In recent years, twistor formalism have
been applied with success in various areas: linear and non-linear tield equations
of the Yang-Mills, Einstemn, supergravity and strimg theories [2—4]

We would like to explore the possibility of a twistor interpretation of the wave
function of the Universe [5]. Namely, we’ll consider the generation by twistor
holomorfic functions of the general solution of the Wheeler-De Witt (WD) equa-
tion 1 a simple mimisuperspace model

2 The basic minisuperspace formalism. In order to illustrate the twistor
approach to the quantum mechanisc of the Universe we consider [5, 6] a mmi-
superspace model consising of 2 homogeneous massive scalar field ®(f) minimally
coupled to a' Friedman-Robertson-Walker space-time metric (FRWy model)

ds? = %Gn —I[—N2(f)de2 + a2(t)dQ%,],
' where N ({) 1s the lapse function and dQf, 1s the metric on a umt three-sphere

With the cosmological constant set equal to zero, a(t) and ®(¢) to be fixed on the
boundaries at #;, and #, the action 1s

? N
e e R L e S

f
~ We note [6] that the Klem-Gordon (KG) ’equg'tmn
| | (I\ﬁ —m Y =0 _
for a particle of squared mass m~2 1 the auxihary metric
4§t = m*M2(a, ®)dSh, (3)

where

a =mlex, Ma, ®) = m—4(els — Drba), ASh) = do? — AD? (4)

\ ' ,
* Academy of Scrences of Republic Moldova, [nstifule ol Appljed Physics Chigindu, Rep Moldova
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is'proportional to WD equation for FRW’;—, moael with action (1) (thé Hawking’s
measure-dependent parameter p 1s set equal to one). Equation (2) 1s conformally
equivalent to the KG equation with the variable masse squared term M(a«, P)

(O — M, O =0 ©)
if one performs the conformal translation to the flat metric:

d§?— dSi, = Q*(a, ®)ds?,

. ) i
where .

9 ' ~ Oz or 3
Qa, D)y =m2M o, ), =010 =—"——, ¥=QW¥
(¢, @) =m (¢, @), O =0 ppntoet

We’ 11 consider onJy\nonsmgular Q(«, ) factors
It should be ‘emphasized that there 1s a wide class of quantum cosmological
models (see for'exemple the cosmology based on the R + e¢R? Lagranglan [7],
" a semiclassical approximation for the entire Universe [8], or the quantum field
theory of the Umverse [9]) when the WD equation (equ ) 1s equivalent to the
KG equ with a vanable squared massand one can consider analogically more
general models than (1) if a conformal transformation to a constant mass KG
equ may be found
In the following section we apply twistors to describe mass field ¥, equiva-
lently, the wave function of the Universe, in arder to generate the general solu-
tion of the minisuPerspace WD equ by means ot a contour integral in twistor
space , : N
3 The twistor deseription of the Wheeler-De Witt equation. a) Twistor con-
figuration space of FRWg-models. Let us parametrize pomts on the flat co-
tiguration two-space M %0), provided by the metric (4), by coordinates 7% = («, @),
L1 0t 0
V2 ( 0 T — ’:')

where b =0,1, or by spmor coordinates +b = ¢#*

1 a4 O 0
«/Z_t 0 a—+0®
Twistors as'elements of the mimisuperspace FRW, configuration twistor
space . can be represented by pairs of spmors Z* = (w*(x), ms) = (e —
— 1447, my) where w4(z) = wjy — 1744, 15 the solution of the twistor
equ yio’(t) + yvawedc) =0, 'y, = g[d% and «=0,1,2,3 For smmplicity
we denote 7 = 2% = (04, ny) = (1744n,y, my) and use duval twistors W =
= W, = (74, 1144%,) which are elements of the dual twistor .contiguration
space  m* " ~
Now we would mention that under conformal rescaling 'dsj — dS? =

= Q‘z(oc, 0)dS, comp_onents of “new” tw1st6gs \2"‘, T\//Va are expressed through
the components of imtial twistors Z%, W, by formulas Z*— Z* = (04, m4),

Wo— 171\/,1 = (,7:,4, af"), ‘where

}, where AA = 0,1.

~ ~ ~ | v
P — — J - ! 4 .
w”® = (.\)A, Tq — T4 + 7']'AA'(1)A, }\A = 7‘A — 1{AA'[J.A, f.L{ = !J-A ' (6)
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and YAA' = QA,VQ —1 We'll also consrder pr03ect1ve spaces, P,x, Pk
Xy r gl
¢ { Twlstor furfctrons’ arrdf massWe frelds We Teeh1V 4, 5T th!at th'e’ galtition!
~fnnr gl . RN i g I B u\u.,w,rr, WS, = e Rt
- ipa g at sp@,ge of Jon] massx i -Spin, S = [ =.0,1 L, 2 3-) field, equa.tron{ in,
terms of arb1trary ‘holomorfic on the same domam\D of dual twistor space ¥
fhitiction f( ), homogeneous of degree (—n — 2)" s, ‘ ’
. D R S LTRSS BN YRR I NSNS N IS DEET RS ST (S ITAS RSO R It

‘

epo slg") = (27‘7‘,7')):%@( )~P.7§Q xs;f(xfi,,\;“ 1g44 0 4) DA,

where DA = e?’N\dAp This formula may be generalized for massive fféldéf’r

" For. conformally,, transformed conflguratmn mmlsuperspace twrstors (6), we con-
‘sider a function T .

>
s

v v MY R NI
F(W,, Zo) F(X) Lipaay st sy ot

4 LY
W\"-)‘I“"’ (103,07 .00 W e Lo ltl"/ G o ')xlﬂ. ’J,'|'|)“'r;'ll(1’ Wi e g

.
Ny

4

L4

N

* hlommorfit lo two twlstors‘ W 'and Z=‘anid homogeneous of degré <28

g 2) ‘d "'d ('—"—q’—'2)' Eorres ondmglf;? RSN E e T R et TS PR S TP S WA

yitTor Sl e Toamog r[ui, ) "" R S R R TS B S A I L8

o H,nwm(,n{, e ..))r) IR J; h, sepeet v s daa i A
(

7
MR AP s ¥T g?,‘f?iu :S Y uI{ Ty ;_J'xc(znz’) 2 }‘P" As LR 5 SO A 1S TR I‘r;frﬂ-
N— et

==
, . b q‘ruui n Lo (7)
.

R PY R N VL TR PRI B e P SR st L i

- o 5 ™~ gon . 0 s
LR r"g,‘;d g F(M' s w“)\‘ 1A yM‘ y_A): AAT Dp. N AR
P on, nrgedfu cuaMn B0 enn a0 g WU T g0 e arua sl iord
We ntroduce “spinors - o : a5rle

R I TR A TR TN T MR TATT ¥ PO Y TS BT [T "h O Pyl soesdy soletny it :“(8)
oL et O o ,\P[U !ff.mKl IR F S‘G""( I\l ST 0 gusire erinntet
which |15 symmetric, on indexes, Pr.).“ )‘[; andn 5o, AL gt e sy

e -~ ety . \
a e »YQ SG' k’LI :—'V‘L apg r'S'Grﬂ("r’ AU ! .() 0 J 1"1(9)'—"
\ -~ ., 0} 4

which 1s symmetric on mdexes G...KL Usmg the tw1stor version of ‘the Dalam-

Jbertian ‘ . 5 Do g i

SOV el It t! SN Y] o HE "9 NI ATREN ,‘Jﬁé R AT H)‘\,) \/,',.az' RIS
. D ~ '*2 (a) BZ ;Vﬁ) ; 1(l pGI/Vp W\ =,U——{2]; @Z“I"UW (10),
g

*

v ——— -
IR \ ! T AL eIV S fet¥id
9y 1 ' ‘ ZU : . L [ aWﬁdZu‘ L
ety gl Ly e PR S ! 3 \‘/‘ ) J‘:’{/Il( -0 -~

and ,quantum.,mechamcal ,changes,,r 3/82%‘ o Z 3/,8W,5‘<—,+<.W‘3; B = 0o

H. Lot ot Ao <L I [ 17 SN N Sove N

We[»ha‘{e S P IR \;,,;I) ,[[J. ———.2![ QZ“VIBL, T () SR \ - ;(11)
| IR R
where Iaﬁ‘ 1s th% mfnnty twistor”.

AR A R I TRl USSP N RS L AN TR TS N BN G ¢ ot Vapt

Tf f(Wc,, Z%) is an e1gen state with an eigen value p? of the operator (10),

the generated- accordinig to (7) field "« "} . "satisfids the-KG &4’ (O +'h?) e L=
= O Frqpr this eq. together with () it, follows that: et 5, (m ppair with, Bs g ~frorn

(8) or if we need with v from 9) describe an unredu01ble free) of high spur
( (p + q)) Durac field of mass 7 (supposed to be p051t1ve)

y P Y - N Y k‘u\..; - T YT T f DR

2

1 ! 1 ' . ' .
l
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"

bodhiBinally,nwe' shotild mention that-contodr{integfal nerates \sdlutlons of
y X ‘ge

KG equ. (2) ‘I"(a, ®)'1f we set p = g = 0 and- p® = m™2' Mu1t1plmg by conforiiial
factor QYa, ©)’ we 11 fmd solutLons of WD equ. (5)‘\ . % RS

Te) Tw1stor quantlzatlon ot the' Uhlverse We mean
by twistor quantization of the Universe the set of rules according to which varia-
"bles’of classical twistor geometry jare systematically, replaced by certain -opera-
tors, out' of, which, one, constructs quantum mechanlcs, ofi.the Universe,,; .

e When the tw1stor“quantlzat1on‘ rule i’a f L= VLA TZ“f Za, '"f“”'Z

SV EAL VR B oz oehenite 5oL T o PASTINEL S Q2% T J 'N by
Z“f where f1sa holomorph1c functllon 1n( VAS and W' f”‘ W, f”
aHA"‘N D e T e J,w
f” 2 W f” where frisa holomorphic functloq in W, are brought

a &

into effect we fmd the commutation relatlon [Z Z‘g] = 8 and [I/If -~ WB]
= 3 Wthh 1mphes that’ ‘the he11c1ty operator ;S‘ =7 (Z“Z 7 %) op S i

VN

(WaW + W W“)shouldL be g1ven by S f——» = —/i( 2';5—}_.2]'](“'111"' ;—m }eﬁre_

sentatlon or S f#

/2) /r ut ,ﬂ* reépreSentation .
¥ ! \f
If we, take f(Z“) degree of homogemty to be (—¢q ——; ), and £ a) degree

of; thomogemty to Jbe ( j) '9) " e elgen lvalues of the he11c1ty operator is' hg

v

"or, correspondingly, —71215 o ‘\ 1 3 ,‘z !‘« »

e
{

.- We defme the holomorhc on. tw1stors .(6) function f(Wa, Z“) F{x*,

;:AT;A) —wh1ch 1s contalned in the mtegral ( /) as the tw1stor wave function of
the Universe This function may be comsidered as the integral transformatlon
descrlblhg—the translatlon to usual wave function of the Universe on a superspace.
More exact 'deflmtlon of this twistor wave function 1s possible on the language
of shaves and cohomologles because 1t 1s an element of cohomology group,
of shaves on pro;ectlve twistor 'space 23] . . _

(Si Iti Hwould be ‘em-phasned' that the (tw15t01: Wave functmn of the Um\ efse
f(Wa, Z“) generates 1n the space-time, after dlfferentatlon on twistor. variables,
spinor: tenso;““'ave fields, as we have seen accordlng to formulas (7 )‘—(9) This
way, m, mlmsﬁperspace approximation, the Universe may be described alternati-
vely by spmior-tensor variable squared mass wave fields

{¢ - -4: “Twistor-mass elgenstates of the Umverse. Out’ startm ‘pornt of ‘this sec-
tion 48 theé! classic paper-[27 it Whith ‘4 té 1stor v(ers1on 16f ‘the KG et Was first
glven JrPenrose S nequs for mass),eloenfunctlons 1S 4 oLl L oE dAe ae L

Cdiee g ubyosd) RIONONT 5“1 a‘)hhi;\; oryrh nlar () sl yIsmans e

, — 21 gZeXB] F(X% 2% =g (X8, 25 i _\1},(1‘.)

, . oXr e

i \ b
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If F(Z\;, }}f/a) of degree (—2, —2) homogenity sat1sf1es (12) it 1s ea-se‘ly verified
that .

4
'

, O(x,) = (2m) jﬁF{(wAAzA, 70, 4R, X NFdZX jaXe  (13)

satisfies KG equ. if yu?> = m™ and O(2%) = ¥(x,)

We are interested by a general solution of the WD equ 1n a form amenable-
to twistor-diagrammatic formulation A P Hodges 1n his work [10] had given
detailed calculations and diagram representation of the contour integrals for so-
lutions of type (12) equ

To generate an elementary solution for XG equ. (3) with p2 =m™2, 1e. a
Hankel solution, we write down

\
i

o ¥ - ! . -1 ey =
FX z“):(zTri)’jdsZ(l P T sinTs) " (2m) T

v VYV sy was-l i 2
xfdtwngt Y Yf(Wu,Yoc)( WZXZ) [W , T] ro-si, .
v v v A X z
VW Y Y | ~
v - v v ) -1 v v-1 ~1v owfv
where f(W,,Yx) = [ | l , W-A2Ti) (WA) =T} Wel Ag
B E F ) :

N

If we mtroduce the notation W ->Y for (2m2 1) (T 1\’/) —1-% we can represent
\ [ . '

(14) as

va Ve 4 s TS
FiX . 271=02T") JdS{i,/U),{"ITP (sinTS) }

Here L 15 a contour from —oo to co that loops round all the poles of I'(—1 — s)
We emphasize that formulas (14), (15) differ from those, presented m [10] for

i{mkowskl space, because )\f, 3\’/, Z, Hv’ are twistors in the conformally flat §pace
with auxiliary metric (3) which are 1elated with twistors in the flat space with
metric (4).by formulas (6)
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Using a contour I'; with the propetry for integrals
. !

\(Zm)ﬂfﬁ{cl + In{x a4 — k)}Hc, + In(we, — ky)} (04 — k) ?2d20nd2x =

) =c¢;+ ¢ + ln(ka"c )

<

where ¢y, k,, k5, & are constants,:the generatlon of finite-normed eigenstates’

can be represented as

(16)

= 0 VoV ——‘ | _ - ‘
=0T %/ ez kS =90} <) " fe a3«
S =]
{(-H”n(wmz“-k)‘“"j‘ | ’

n=0
/j‘ ‘ ' ) . ! ’
In (16) E(y) 1s the Euler function and U(W,, 2“) satisfies the relation (Zig/ s =
= IX’GU(\Z/“, i/V,) where although U(E“, V\I//a) 1s not fimtely deflned,'the result

of (16} is nevertheless finite, when contour T, 1s used Indexes v, v m (16) are m-

1
troduced due to property of the mass pole (XZXY % 2]~1= (XZ — )1
1

(XY — v) -1 where /vy = ; p2.

To conclude this section, we note that the Hilbert space of the Universe
for FRW models 1s determimned by mass eigenstate finite-normed solutions of
the WD equ. (equivalently of the KG equ. with a variable squared mass (5)),
which are multiplied by conformal factor Q*(a, ®) mass eigenstate finite-normed
solutions of KG equ. (3) accordmg to integral transformatlons (14) from the twis-

tor wave function F(X“ Z“) (16) ,

' 5. Diseussion. We have analysed the twistor mterpretation of a particuldr
tor FRWy munisuperspace model Using twistor diagram methods a contour n-
tegral representation for the finite-normed general solution of the WD equ. is
obtained. This result 1s important to construct Hilbert spaces in the recently
developing “second” and “third” quantisation of the Universe [11, 7] Of course,

e
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a pure twistor mterpreta.tmn of the qua.ntum cosr}nollo Wh‘?u}]d be in(tleresting
and promising: IR el v

One mught ask to what extend ourresults are generahsable sincejour tor mo-
del 15 quite’ s1rnple The ‘answér about’'the poss1b1hty of 4 twistor 'interprétation,
of the WD equ. in a superspace of dimenston 7 =3, 4, ... 1s afirmative.In [3] the
twistor theory for spaces #n > 4 1s presented T herefore one may expect that twis-
tor approach will be effectlve too for superspaces of higher than two dimenstons.
Perbaps, when the ,theory 1s,invariant, under. Iescaymg transformations, one needs
to mtroduce local superspace twistor connections (see [12];-%/=-4). {The Yang-
Mills equ. tor twistor- superspace connection whould describe a supphmentary ‘
twistor, dynamlcs for t{he .Un1iverse.

The author highly /apprecmtes the warm hospitality extended to him at the
Cluj-Napoca Un1ve1's1ty This paper summarises the results of the talk given at
the Romanian ‘National Conference on Phys1cs was held there (24—27 Octobre
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i LON", TI—EE SPECIFIC* ‘HEAT OF SUPERCONDUCTORS

i YL R AT T ST VR v
I. GROSU* o v

- "I-J o *
{1 - )

e AC ) .
ABSTRACT. — The* specxfxc heat rat1o " was calculated for large class

o

v

. A\
[ ,27;-1“ 8 " sy N - P
of superconductors We found that for large values J——_CTL jthe specific heat ratid falls
R Yepl Lo A AN
' below BCS result '

. H 1: ‘-

"
v

. . '

AA

. Introduction. In this paper we consider an electroﬁ-phonon superconductor
descrlbed by the Eliashberg equations For the electror-phonon spectral density
'42(Q) - F(Q) we consider first a simple” 3-function model and then a'two-3-func-

tion ‘model. The specific heat- ratio AC s quatitatively estimated. 1

.Theory. a).The free-energy dy‘ference between the normal -and supercon-
ductmg states 1s given by the relation 1] K
(for weak coupling superconductors) . .~ -

[V T B — o]

«

P '1,\'.,|' ® L AE= f T Z K] J—_é_— N (1)
'(f - . B . " ,
where- on =wT2m + 1), m=. —~l 0 +1,

Ky =

N(0)—the density of electror states at Fermu surface. -
T —temperature -

The Ellashberg equatlons, written on lmagmary frequency . ax1s are [2]

.

\ .
V

W (%LW)5@»+ﬁTm§#l@-;mfag;ﬁaﬁﬁ ,(m
T A@) - Zy(n) = =T ) ] A
(1\1') ( ) T v m-=2—uo [}‘(”’ m) we ] [w;‘” + Az(m)]1/2| (3)

where A n) are the gaps and Zs(n) are'the Ienormqliza‘cion factors.

_1 r 3 *

An — m) S 202 - ) - KO - - o 4)
Q2 + [2xT(n — m)]ﬂ
o . ’ 0 . ® ‘ T
‘where «}Q)F(Q) 1s the electron-phonon spectral density.
According to [2], the specific heat jump at T, is* - Ve ‘ -
IR ~-'ML=;N@'liL-T-EEQ£ CE)
; ' ' l ve .

. }
h - ' ! ! A=t
i

GT)

. v

i ) 0
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where . ] ‘ ' \ o
W At op A —pt 1,1340p )
FT) = [ (o +1) - ( I~ mEZE) @
W(x) — is the digamma function.

and o ‘
Gy ==4- 2. 2 )

. Gn) —is the Riemann zeta function. ‘ o ‘ . ;
Usmg (6), (7) and (5) we get (at T =T,)
: CAC L 1,43 ‘
. Cen PR

which is Well kno“n BCS result, where *
- ‘ ‘ ; C,N—--{T ‘ . . .18
and* y = %nzN (o) is the Somme;feld ~constant. ' 3 ‘

b) ‘For ‘tntermediate coupling superconductors thé specific' heat ratio 1s:
' ac No) | (1+ W [FEIT -
AC L i - ] 9)

Cey YV A— p* G(T,)

(‘

For B1—O superconduc‘cors which are not in the strong couplmg It (ex-
- perimental results are conststent with weak-to-intermediate coupling [3]) ](9)

gives ‘
AC L2 for A~05 . o ‘

Cf’N N

c) For strong-coupliing saperconductors [2], [4], with a sunple S-function
model for, the electron-phonon spectral’ density «2(Q)F(Q

ﬁ@ﬂm%%mug—%) - . (10)

the spe<:1flc heat ratio 1s | |
C oar3(1 4o 1= .52.[6.1'_1'13490 —ulf @
© o) 4T (o (M)

For. re:zilistic values- A'~ 1,5, u* ~ 0,155, T, ~ 18 K, . Qy~ 93 K (case of
Nb3Sn),§—c~3 S ‘ , ',
| eN - ;
- For large Qq (Q, less then wp), and only 1n this casé, the specific heat ratio

1

18 g1ven_ by. . . t ,
el o e
143(1+x) Sl : ¢ (12)
- Cen : o, 2 '*5%.{m(l"sm")ﬂui[lc@)—l}»
. 743 A—p (Q) o 314 J



i

we ha.ve the followmg approxlmate formula.

0. (32)2'{(%& +1) +(l°m1;c +2)_2+{2::7‘a +3) o

gy 1s less than wh, values of order

tice stability problems can occur. For superconductors with, il

fic heat jump

~
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[ '

~ 14, If: Q) ~ep> T,

L - . -

For:h~1 w* ~ 0,3, T,~35K, Q ~ 300 X;

] CeN

o La3(1 + ) - {1 +‘7r27\—_)"y.—-(§.) -[5,43111(%)—681]} (13)

Because there are considerable drfferences in «*(Q)F(Q) from one system to another
we adopt for the electron-phonon spectral density the two-3- frinction model :

Kl

RQF(Q) =2 Q- HQ— Q) + 710 - 3Q —nQ) | (14)
~— S )_ ® 4
and -
{1+ I E): [2[1+i} (113490)_’_211”; 1_( )]}
A—u* 1Q, n? 3 n’
~ 1, 43(1—{—)\) : - T
c:N, 1 A E)z [31+ 1y ¢ 1134Q)+3lnn 1+~)
‘ | 7c(3) EP— Qu ( "2 ( T, n* nt
For- A~ 1,55, w*~ 0131, Q,~ 99K, T,~ 72K, #~053
(case of Pb) ¢ oo . ¢ '
) Cow

: : 2
d) Swuperconductors with large Zrte
, - < . , wp

“For this kind of supercoductors the specific heat ratio 1s -

Coy - Tn¥(3) T, 2%
\ 4 ' . :
- +(27:T + ) } T (16)
For wp~ 500K, T,~435K, X~ 1, (E’i ~0 56) @
. . wp
and: AC ~,0,”7“ ' [ I N !
CgN B

' 2T :
z decreases slowly as ——= s mcreased (for A fized).
eN @p B

From (16),

f

Conclusions : Our es‘clmatlons for the specrflo heat Iat1o CA—C are in quali-

tatrve agreement w1th the experimental data, If the charactenstlc phonon ener- '

cc ~ 10 are possible, but in this situation lat-
eN -

Lo 1, the speci-
wp L -

Cen

1 I\

- - /

c falls below BCS result, in qualitative ‘agreement with'[5].
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1. Introductlon. It is known [1] that 1nforImat1ons about vmoleculéf rejlaxg-

t10ns are obtamed fnom the ‘study of the~v1‘prat10nal band proﬁ)le i - s
.. Ramanqspectroscopy offers a. smlple possibility tor separate v1brat1,ona1 and
> .reorientational. contributions .to: the v1brat1ona1h.prof11es by, using the technique
of measuring the I,, and I, rcomponents- Thjs, Lpr(‘)(:edure is correct: only, when

both relaxa‘aon types. are’ statlsmcally uncorrelated. .. T T T ST

It 1s p0551b1e ‘tos obtamA asotropre 1 (1,54) and anlsotropm, (4 gmiso) ¢ profiles for
Raman, lines .as follows, [2] 00 g wranie vty Lt by o0 o0 sigee ol 2

( ! T B TP TR L PP IVS S DAL RN IO IV RY N T LRI

I",'r(\ Gt ; A )I’SP( ) f [””(q)»JT;EJI;"h*((f?) AR P LR A L 1)

R O LI L Y FRL Y (VY RTTS § FL Y SO R PET 1 TR (VRS B Y FRR FS TR Pojtut, w0l [ ad

- P ! Ianlso((“)) — Ivh( ) ‘ ) (2)

The time evolution of these relaxations can be.observed by using the correlation
functions techmque (C F. ) Vibrational C F .‘q;() dnd Teorientational CF Gx(f)

are given by [1]ic - ‘ P e o ’{
, | 6l = §I;;Em)exp<mt)d @)
. and‘ » a ’1.‘ .l i o
Gult)= | Lennlolexpliondo | { Looen z}(zmi) ‘ (4

[ v
.

The aim of this paper is related to the sﬁudy of vibrational and reorientational
relaxations for C,H ;I 1 pure liquid and in carbon disulphide, —n pentane and
cyclohexane solutions from the analysis of band profﬂe for the C—1I stretching
vibration ,(~500 cm™, p = 011)° S

II. Experimental. The Ramian ‘spectrum was excited with the 488 um (0.17 W) line of the
A»~ laser of ILA4 1‘70—1 type The scattered lLight at 90° was analysed with a double monochro-

v

* University of élu)-Napoca, Deparlme,nl o'f Physics, 3400 CIu[ NJapoca homa.ma
** Institute of Isotopic and Molecuiur- Techiiology,' P- O!'“Box 700, R—8400'Clu)’ “Napoca 5, Romama
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mator of GDM 1000 type, I,, and I,; bemng obtammed by the rotation with 90° of the polaroid
situated 1 the collection optics The gypsum depolarized edge situated in the front of the mono-
chromator slit’rejects the selective reflexion of the light with different polarization, states in the
spectral aparatus Ethyl'iodide was prepared by us and solvents (of , Merck-Uvasol” type) were
used without further purification

The spectra were obtamed with the followxng experimental parameters the registration speed
0,06 cm~s%, and the slit width 12—25 cm  The spectra were normally digiticed at 0 4 cm—?
step Only the ligh frequency side of the band was used i order to eliminate the asymmetry
the low frequency side due to the hot bands

The experimental CF G,(¢) and G,g(t) were obtamned by deconvolution (Fourter method) by
takmg mnto account the triangular slit function, determmed with a corresponding line of the helium.-

The measurements were done at the following temperatures 286, 303; 313 and 323 K

IT1. Results and discussions. Fig 1 presents the CF 1n the form of In G,(?)
and In Gyz(t) at a concentration ¢ = 0,94 M in cyclohexane at 286 K. As G,(f)
decays slower than G,g(f), vibrational relaxation mechafisms have a smaller con-
tribution to the band profile than the rotational relaxation The same ratio of
these contributions 1s mamtained at 303, 313, 323 K For small concentrations in
cyclohexane (¢ = 0 77 M) the situation 1s the same for all temperatures. In pure
liquid and for high concentrations (¢ = 8.25 M) in cyclohexane at different tem-
peratures an inversion of the contributions to the band profile was observed, ro-
tational CF decays more slowly, than vibrational CF," prooving an increase of
the vibrational relaxation contribution in the band profile (fig. 2)

The same ratio of the vibrational and rotational relaxation 1s observed also
in other solvents like carbon disulphide and #-pentane

All solvents used are mert (without dipolar moment) We believe that the
small rotational contribution at high concentrations is due to a strong dipole-
! A

f @3 06 09 12 15 18 21 74

03t

’

Fig. 1 Gy(t) and GzR(t) for C—1 stretching v1brat10n of
, . ethyliodide ‘1 cyclohexane at low concentrations.

1]
'
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Fi1g 2 Gu(t) and Gug(t) for C—1I stretching vibration of .

etyliodide m pure liqud and in cyclohexane at high con-
centrations for different temperatures.

-d1pole mteraction between ethyl-iodide molecules, which decreases as the dilution
is increased. . i
The vibrational CE being of the shape ' ’

: Got) = exp(—t[v.) (5)
permits the evaluation of the vibrational relaxation time r,. The values of 7,
are represented as a function’ of temperature for pure liquid and different concen-
trations in various solvents at T = 280 K (fig: 3). =, for pure liquid is practically
unchanged with the increasing temperature whereas in the solutions increases
with the decreasing dilution i different ways m the used solvents, the most po-
werful increasing being observed for n—pentane solgtlons Small change of =,
with temperature 1n pure liquid 1s another proof of the major vibrational contri-
bution to the band profile, knowing that a temperature change strongly influences
only the rotational relaxation [1]. By taking into account the relationship .

P‘ ) N Ty — (WCFIIZ) -1 ' N (6)

'

\

1 which I'yj, 1s the halfwidth of the isotropic line, 1t results a decrease m the half-
width of the lme with the dilution increasing In fig 4 the G,g(f) CF at T = 286 K
for different dilutions in cyclohexane are presented. The time decreasing of
Gyr(t) 1s well described by the relationship

FGor(t) = exp (—#/) (7)
where 1, 1s the reorientational time. '

. I
4 — Physica 2/1990 {
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e e, © 5l
G,z(f) decreases more rapidly as the dilution increases. Thus the restriction m the
reorientation of the C,H I molecules decreaseSr in diluted cyclohexane solutions
by the reduction of the dlpolar mteractlons between C,H I 1nolecules in these
solutions

The nonlinear behaviour of the In Gox(t) can be explamed by the statistical
- nonmdependence of both relaxation mechanisms, opposite to the hypothesis on

which G,(t) and G,x(f) are obtained At high concentrations this deviation 1s higher, -

showing a stronger rotation-vibration iteraction

Conclusions. Thé study of the C—7T profile for ethyhod1de gives us the -
formations on the relaxation mechanisms responsible for the band profile and are
dependng on dilution and the used solvent.. =~ = *

By 4 corresponding selection of the non-polar solvents it 1s possible to stress
on the importance of the dipole-dipole interactious in the restnctlon of the reo-
rientation for ethylicdide molecules ,
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TI-IE SELECTIVE IRM PD DISSOCIATIO\T OF .CF, HCI MOLECULE AT
. HIGH FLUENCES

I0AN DEAC*, VIOREL COSMA*

~
.

'ABSTRACT. — The 13C separation parameters were measufed as a function

- of substrate pressure at three dufferent CO, — laser. lines situated in the P
- - branch of 94 pm band The measurements were -carried out i a ‘strongly
« focused beam and with normal shape laser pulse The results give a picture of

* the kinetic behaviour of vibrationally excited CF,yHCl moleeules produced 1n

the presence of strong infrared fields o . .

- ] .

t B l 1

Introduetion. The advent of laser as a source of well-colimated lugh in-
tensity radiation of narrow spectral band which has stimulated the discovery
of many new schemes of laser isotope separations (LIS) [1, 2] “One of the parti-
‘cular method of LIS is infrared multiphoton dissociation (IRMPD). The best
advantage of la.ser isotope separation by IRMPD 1s larger single-step selectivity
which can be, achieved 1 the separation of medium-weight elements From a
number of isotope from 2H to 235 U, 13C separation has been most extensively in-
vestigated by IRMPD [4]-—[24].

Natural carbon. consist of two stable isotopes: 98 99 2C and 1 1% 39C. A num-
ber 'of parametrical studies have been published on 3C enrichment by CO, —
laser induced IRMPD of flurocarbons, whereby molecules are high vibrationally
excited through optical pumping of their C — F stretching of vibrational modes.

- Enriched products were obtained via IRMDP of CF,X (X = Cl, Br, I) [4— 107,

CCLF, [11, 12] and CHCIF, [13—24] under selected experlmental conditions.

Several groups [15, 18, 20 22, 24] are trying to find a workable photo-
chemical separation for large scale ennchment of BC by IRMPD, of the above
mentioned flurocarbons and it appears that the most favorable .case stud1ed )

far is the IRMPD of CF,HCl [15].

We wish to report in this paper a parametric study of IRMPD of CFzHCI
at high fluences-in the irradiation zone We studied the separation process with
special emphasis of two 1mportant parameters - laser wavelenght and substrate
pressure. IRMPD of CF,HC] was investigated using the laser lines situated i
the red edge of the v, (13CF HCI) band.

Experimental setup and method. A CO,-TEA.laser built by us was used in the experiments
described below [19, 20] The laser was operated at a repetition rate of 1 Hz using a mixture
of CO, N, He=.1 I'6 gas as laser medmum In this conditions, generated laser pulse- has an
ordinary shape’(100 nsec 'FWHM power peak followed by 1 wp sec tail whith contains twice as
much energy as the peak) I,aser tuming on the line of 9 4 wm band was performed, usmg a diffrac-
tion grating blazed for 106 wm (100 gr/mm)

As shown i Fig 1 a 1 m radius concave murtor focused the initial 2X 235 cm2 laser beam
mto the reaction cell, giving a cross section of about 7 mm? i the beam waist

The laser photolvsls was carried out i a cylindrieal cell consisting of two crossed tubes of
25 mm 1d each The long tube (50 cm) was used for the irradiation and the short one (15 cm) for
IR spectroscopy dnalysis Four NaCl windows enclose a total cell volume of 03 1

“ Institute of Isoloplc and Molecular Technology, 3400 Cluj-Napoca, POB 700 —-Romafiq

\
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M Fig 1 ‘Schema.txc of the expertmental setup- (L) laser, (C) di- !
. . ssociation cell, (O) concave murror, (D) energy meter

Upon excitation by a "CO, laser radxatxon CF2HC1 molecules dissociates into CF, and HCI ftag-
ments Two CF, radicals recombine to yield the C,F, dissociation product Since the CO, laser was
tuned tq tHe, lines of P branch of the 94 ym band 3C bearing -molecules selectivity decompose
and residual CEF,HCI gas shows a 1°C deplention as ¢ompared to natural carbon [13]. . "

The 1sotopic comcentration both i the residual gas CF.HCL (Cg) and 'in the dJssoclatlon
product (C,) 'were measured with a mass-spectrometer (M5) "VARIAN M.AT—311 We determined
.the 1sotopic ratio 3¥C/12C in C,F, from the intensity of .the signals at mfe = 81,82 and 83 (corres-*
pondmg to *C,Ff 12CBCRF and ¥C,Ff respectively) “The same ratio m CF,HCl was calculated
from the mten51ties of slgnals at mfe= 51 and: 52 (12CF,H* and 1SCF,H #, respectrvely). ,

"The relative yield of product P/L, defined as the amount P of C,F, produced. by IRMPD’ divided
by the amount I, of CF,HCI present mitially, was measured both by MS an GC ‘methods Calibra-
tion of the MS and GC response was achieved with aliquots of C,F, diluted in CF,HCl: m the
same range of concentration as obtamed in the’ IRMPD, experiments. We used: mdustrxal grade
CF;HCI with. 1ts two main 1sotopic speéies present in natural abundance ratio with no added gas.

Results and discussions: We have been studymg the dependence of the se-
paration parameters:(C,, C, P/L) on substrate pressure at three different laser.
lines, situated 1n 9P bratch . 9P(12), 9P(26) and 9P(30) The wavelength of these
Imes (1053 9.cm ™2, 1041.27 cm—' and 1037 4 cm 1) respéctively are near-the ma-
ximum of the a sorbtlon band of BCR,HCI molecules (~ 1076 cm‘l) [13} 1n the
red edge. | -

+  TFach sample.of CT, HCl was eradlated w1t11 1500 laser pulses Taser pulse
energy for each of three lines was fixed at 2'J. In this- conditions, laser fluence
in the beam waist was about 30 Jjem® ‘Fig. 2 shows our results obtamed for
9P(12) line; . ‘ ' S

. As one can observe there are three different domams for the separation pa-
rameters behaviour. In the first domain situated at pressure below 0,6 Torr has
been emphasized a ¢ollisionless dissociation regim. This;-assertion is supported
by the fact that C, is kept constant (~1059%) when the pressure increases The
slowly decrease of C 1s probably due to the diminution of the “bottle-neck effect”
with the pressure mcrease In this region, P/L mcreases on ‘the’ account of the
more efficient extractmn of BC from residual’ gas :

; In the second domdin situated between 06 “Torr and 3 Torr, the isotopic,
selectlvﬂ:y rapidly decreases. This fact suggests that V V energy transter plays

KY
”
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Fi1g 2 Variation of separation parameters C,(0) Cg (X) and P/L
with pressure at 9P (12) laser line

an important role 1 dissociation mechanism Simultaneously the relative yield
(P/L)-begins to strongly increase in agreement with a common decrease of C,
and C,. )

The third domain (above 3 Torr) 1s characterized by the occurence of thermal
decomposition of the residual gas. In this case 1sotopic selectivity drops rapidly
to unitary value, while P/L strongly iincreases, and C; reaches the natural abun-
dance value.

As it is'known, the dramatic drops of the process selectivity at high pressu-
re of CF,HCl may be caused by V—V energy transfer from the excited ¥CF,HC1
to 12CF2HC1 [15] so that a certain number of CF,HCl molecules decompose via
collisional excitation in subsequent procesF At sufficiently high gas pressures
these processes lead to the thermalisation' and non-selective bulk dissociation.
The fact that this phenomenon appears ‘at lower pressures than observed m’other
works [16], 1s due the relative high fluence used in our experiment

In fig 3 the results obtained for 9P(26) lme are shown. The three specific
domains can bé observed again’ Theiwr characteristic pressure region 1s shifted
to higher values, especially due to the laser line taking off the resonant absorbtion
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of WCF,HCI -In this case the 1sotopic selectivity in collisional regime is ‘higher’
than for the 9P(12) lme "Also, the extraction grade (1/C,) has a mammum value
lower than in the same case (9P(12))

' The trends observed in the C,and 1/C, behaviour m passmg from the 9P(12)
to 9P(26) laser lmes are conserved also when using 9P(30) line (Fig 4).

In particular the same C, munimum 1s observed in this case, but it is less
pronounced and has a higher absolute value Also the drop of the process_selec-
tivity is present for higher pressures and has a better valug 1n the collisionless
regime

Conclusions. We reported in this paper the IRMI?D characteristics’ of the
CF,HCI gas phase molecules at high fluences'and with normal laser pulses as func-
t1on ot substrate pressure and three different CO, laser lmes Three specific do-
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mains were found in the pressure range of 0 8—30 Torr: a collisionless regime
of dissociation at low pressutes, a second domain m which up-pumping by infra-
red radiation competes with collisional decomposition processes, and for high
pressure values a third dominated by thermal decomposition phenomenon The
pressure Itmits of this domain and the values of the separation parameters m
each -one are dependent on the laser wavelength. ‘

The general feature of the process, when the laser frequency get nearer to
the absorbtion band of the 3CF,HCI molecule, is the mcrease of the relative yield
of the product and extraction grade of 13C from residual gas and the decrease of
the process selectivity in dissociation products For our data this means to move
from 9P(30) (Fig.- 3) to 9P(26)-(Fig 2) and finally to 9P(12)'(Fig 1) I aser lines.
For all these laser lines there isa pressure thresho]d fer which the thermal decom-
position sets in.
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The above data represent d part of a more elaborated parametric study con-

cerning the CF,HCI TRM PD in laser fields They are 1mportant for any tentatwe
of scale-up of 1BC separation process. .
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OPTOACOUSTIC LASER SPECT RA' AND DETECTION, -OBF ISOTOPIC
LABELLED ORGANIC COMPOUNDS

y - i
! I. BRATU*, ADRIANA BABBU* ST. KREIBIK*
| LA ' I A LT T A T FU O S T L IR S yoro

Lo ABSIRACT.. - Optoacoustic laser,spectra in the 9—11, pm spectral range for -~ - =

some deuterated. organic vapours present remarcable isotopic effects By. a‘pro ,
-, per selection of‘the laser lmes 1t 1s possible to identify these labelled compounds ,
T ‘ and also to detect fherr fraces in, air at a subppin level

’ I3
, . oL

R IR L S U TR R < VA

T 1 Introduction. The  optoacoustic (OA) spectroscopy, 1n qthe CO2 laser
range 1s one of thé most important branch of the molecular spectroscopy. It
1s.possible to.investigate,the isotopic effects which appear in -these spectra by
replacmg some nuclei from different molecular cornpounds with ‘18otopic: nucle1
o f Many molectiar compounds labelled with 13C, 150, BN, 'D, up have numerous
a.pphcatlons 1 rnedlcme, biology, ; agrochermstry,; geochemlstry“geology -and
even, 1n optoelectromes (optlcal flbers electrooptic modulators). Related- with
therr use in these domams is-necessary to- perform" e Ao
— "measurements 1 isdtopic mixtures ‘dround’ natiiral concentratmn
— exact determination;of; the isotopic, content and 1ts smalhvanatlons Yoo

Some 1mportant results.fer H,S .and HDS, JSNHjg and ¥NH;, YB€l; and-"BCl,

are given 1 [1].In order toisolve these;problerns 1t 18 necessary to, know the(con—
trast in absorption of 1sotop1c homologoues m.the OA laser. spectra— the 1sotopic
effects: The OA laser spectra.in the.9-—11 pm spectral range for a sertes of deute-
rium labelled compoﬁnds are presented: aromatic hydrocarbons (benzene -dg,
~o-xylened ), alcohols - (rnethanol -d,, " ethanol-d,); "'halogenated hydrocarbons
(chloroform-d, dichlormethane-d,). These 04 laser spectra are ‘tecorded 1 order
to' identify“the wavelengths (correspondlncr ‘to certaih laser lie) At wh1ch the
contrast 'in absorption, (Uu|Up) ,is maximum (Uy and Uy are the OA signal

tor protonated and deuterated compounds,v respectrvely)

! L L TS Vae oall ot

RTER ' oer
L e il [ K . [ oo

d

At ‘the same time, ‘the detectron 11m1t m air for some abelled compounds
’forinarly presented 1s ,established.. ,« ... -+ v - - -

<

2 The Expemmental Setup In order to record the OA laser spectra is used
thie! followmg setup (frg ‘1) [2] con51stmg ‘o,

\
I(\r

.rj\""‘ { [TV t

CO2 CW frequency stabrhsed laser R o
“' mechanical chopper,y,\mth\ frequency range between 4 and 4000 Hz '
— powermeter LM2 Carl r,Zelss aJena, .. ca et e oot wr o Lo
— OA brass cell with: 100, mi length,:'and volume of 7 Q7...10%.mm3; endowed

. with a condenser,zmlerophone, and,two NaCl windows, ,used i - nonIesonant
W mIeglme [T S | S U A (N T TR Y vt -’ e ) A R T

\

— lock-m nanovoltmeter of 232B: Unipan. ' ' = - "% b 0ot e y

t

~

v - |
'* Institule of Isotopic and Molecular Technology, 3400 Cluj-Napoca, POB 700 — Romania
AN
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ow 0 l
“ 3 Sample Prepalatlon and the Selections of the Work Parameters.

The labellmg with deuterium of the abover mentloned compounds was per-
formed . as follows s \
'— by homogeneous isotopic exchange (for CD Cl 97 at %\D C,H,0D97at%D
CH,OD 97 at % D, ND; 5 at % D); I _L_gof .
— by chemical synthe51s (CDCL,, 97° 4%, D) ‘u ihp ot
— _by heterogeneous isotopic exchange (C Dg 97 at. %D, 9 C6D4(CD )a 97 at %D.

In all situations thé deuterium source was D,O l

The following gas mixture was mtrodu\ced in the 0A (_:ell vapours of the
organic liquid "6btained by vacuum evaporatlon anid! buffef gas (ex. air) at at-
mospheric pressuré In order to'obtain a high’ responsivﬁ:y of this setup, the mo-
dulation frequency was selected to be 12.5 Hz (knowing the fact that 1 a nonreso-
nant regime the'O4 signal decreases with the increasing of the modulation fre- .
«quency) For each laser line the emission, power'was'fixed at the same value (0.2 W)

in order to avoid the saturatmn effects and to obtain as many laser lmes as possi-
.ble.

4 Experlmental Results 'md Discussions. 4 1 ‘Benzene . The absorption
spectra for 1sotopic, homologues .of ;benzene. (the microphonic.signal U 1 ‘arbi-
trary units of wavelength of the laser, beam). 1s+presented 1n fig 2

The isotopic effect is well established especially in the frequency range of
the 9P emission branch of the CO, laser. The values of these ffequencies, as well
as the ratios of the OA signals (the spectral contrast in absorpt1on) obtamed for
both isotopic homologues, are presented-in table I !

For 9P32 laser lme the ratio Ugy/Up 1s maximum (16 1) The OA 51gnal
for CgHy is at least one order of magmtude gréater than that for CgDg for the wave-
lengths noted with (*)f. oy :

I
4 2. Orto-xylene In' thls case the OA spectra for lsot0p1c homologues are
presented m fig 3~ _ .
In agreement with these spectral the ratlo of the OA signals for both isoto-

pic homologues is maximum for 9R20 laser lme Table ITpresents these ratios.
for several laser lines ‘:

. 43 Dichlormethane and chloroform Both compounds, "especially dichlor-
methane present strong 1sotoplc effects.an the 10 pm branch of the CO, laser.:
This fact 1s-illustrated 1 fig 4 for both isotopic homologues of the dlchlorme—

thane and chloroform. Table III presents the values of the OA signal ratios for

d1chlormethane i N

!
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Fig 2 .Thle OA laser spectra’for 1sotopic homologues of benzene

. Table 1

The ratios el the QA signals [or Isotome homologues of henzene
at different laser wavelengths.

- ,

Branch ‘Afpm Ucn,/Uc,b,
R 924 21 '
, 928 0.4
L 929, 55
9P 9.65* 161
- 9 64* 16 0
9 62* 84
9 60 75
958 .« 73"
957 75
955 51 )
953* 86
9 52* 91
950 65
g ) 9 49* 89
9 47* 111
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F1g 3 The OA laser.spectra for isotopic homologue$ of o-xylene.

»

L Table IT

The ratlos of the OA signals for Isotopie. homolo‘ques
of o-xylene at different laser mavelengths
}

Mumn/ UplUng Mum| UplUpy 1
10520 35 9303 . 42 ’
10.568 38 9280 L 42
10.609 49 T 9269 43 N

" 10650 31 9258 33

10 693 30 9237 31
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F1g 4 The OA laser spectra for isotopic homologues of dichlormethane and chloroform.

‘

Table 11T

' The ratios of the OA signals for Isotople homologues
of dichlormethane at diiferent laser wavelengths

Aum/ UD/UH) h
' 10 2% ' 28
> 10.23 10
‘ 10 24 32
10 26 25
Dl 1027 " o520 e !
1029 - - 187 '
! 10 30 76
' 10 32 291 O
. 10 33 227
10 34 . 167 F
10 47 80 )
g 10 51 - . 63 e
) 1053 49 .
10 55 37
10 57 26 .
1059 ° 17

10 61 . 13 o
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- A veryrgood contrast in absorption -(about 300) 1s observed at the '10.32 um
Wavelength /For the 1sotopic 'homologues of chloroform *this ratlo has a value
of approximatively 10sboth for 10.69 pm and 10 78 pm

44 Methanol and ethanol For these alcohols the isotopic eftectsare weaker
than for the previous compounds, especially tor ethanol The OA spectra for me-
thanol-d, 1s presented in fig. 5 and the values of the OA signal ratios can bé found
in the table IV. Theé laser lines 10R18 and 10R12 can be used for the identifi-
cation and quantitative analysis of the isotopic mixtures of methanol In the

U ¥
| (pvhiy ‘ A CH40H
i o CH3OD
) ' Peett =1+ 2 torr
03 X
T |
—+ I l
+ A
. AR
anl .
Rl ! ]
T ]
—_ 1 I .
T | 2
. 1 o W
‘ < . ¥
LW//-fnﬂ'rrm']— /i %ﬂ'rrlﬂrrr\r//b’ﬁ“rrm‘ﬁﬂﬂ'r"’
92, 930 948 965 1016 03 10467 17
>\(pm) .
| b
~F1g 5 The OA laser spectra for 1sotopic homologues of

methylic alcohol

The ratios of the OA signals for 1sotopie homologues

of methanel at difierent laser wavelengths
P
{

r~ s

& RN

M| UylUp A/ UnlUp

959 35 10 26 97

A v ntgegis L 32 10 30 ' 63
965 . 36 1034 43 .

. 1017 5-(8( 1059 - 43
o v 1019 . . 38 .- 1061 S

1022 41

Table IV
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case of ethanol-d; the isotopic effect 1s small only for three wavelengths (10 72
pm, 10 32 wm and 10'33 pm) the ratios of the OA signals is approximately 17
45 Ammoma. Fig. 6 presents OA spectra for NH; and ND, 5 at 9%, D /3/.

'
’

PV) .
10 53
103- /
102~§ 'a NHy
: ., o ND3 5%
//'{”'rrm‘rrrr{'// '{'nﬂ'rn‘n‘rﬂ‘{'/]klllnnlilnn]
' 923 931 2’8 96 1016 1034 “M047 1078
)\(rm)

Fi1g 6 The OA laser spectra for isotopic homologues of ammonia

Very good 1sotopic contrasts (about two orders of magnitude) can be obtained
both 1n 9R and 10R branches of the CQ, laser. Table V presents the recommended
wavelengths which can be used for the analysis of the 1sotopic content of the

studied compounds , \

Table V
The recommended wavelengths and the coriesponding ratios of the OA signals for the invesllgﬂled
! fsotopic homologues
Compound Mum/ UylUp Compound ! Mum/ UplUy
benzene 965 161 chloroform 1078 . 106
9 64 16 0 Co 10 69 99
947 . 111 10 76 89
o-Xylene 10 61 49 N dichlormethane 10 32 291
927 43 10 33 227
930 42 10 34 167
) 928 42

methanol 10 26 97 ‘ammonia 929 40 7
10 30 63 ' . i 10 29 2717
10 61 48 10 33 13 4

5 Vapour Traece Detection. In order to find the detection himit (vapour
trace detection 1 air), the initial mixtures of several toirs from each compound
diluted in air at atmospheric pressure were halved successively The OA signals
measured each time for selected laser lines, were reprcsented versus partial
pressure of the molecular compounds 1n order to find the linit of detection The

N \
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1n1t1a1 mixtures are diluted succe551vely until OA signal to noise ratio'is not

lower than 10 -The corresponding results’for the studied compounds are presented
in figs. 7.8.

kS
\

6. ‘Conelusions. The OA laser spectra for ‘deuterated molecular compounds
can be used both for qualitative (1sotopic effects) and quantitative analysis by '
a proper selection of the laser llnes The aim is to obtain the mammum rat1os

.of the OA 51g11als for the 1sotop1c homologues. Lo . T

®

5 — Physica” 2/1990:
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<+ Through the identification of the laser lines where the absorption cross sec-
tions are high, trace vapour detection limits in air for .these compounds are es-

3

_tablished ‘ \

{ : .

0" v '

: - REFERENCES
/

1.V P. Jarov, V S Letokhov, Lazernaja optoakusticeskaya Spektioskoprya, Nauka, Moscow
1984 ‘

2 I Bratu, Adriana Bartrbu, Tiends m Quantum Electronics, 'I"QE"SS, 27 aug —3 sept.
1988, Bucharest .

3.1 Bratu, Adriana Barbu, CAER 2d Symposutm on Stable Isotopes, Thilis1 27—30 n ov
1989 X



‘

STUDIA UNIV “BABES-BOLYAI, PHYSICA, XXXV, 2, 1990

MINITORCH FOR INDUCTIVELY COUPLED PLASMA
USED IN ATOMIC "EMISSION SPECTROSCOPY

8. 'D. ANGHEL*
I\\
ABSTRACT. — In this work 1s shown the modality for achievement of a mini-
torch for inductively coupled plasma used in atomic emission spectroscopy It
1§ characterized by an argon consumption and a radiofrequency power absorbed
into the plasma with 309, approximately lower than in the case of the conven-

tional three concentric quartz tubes torch presented in the work [1], under
conditions 1n which analytical capabilities are unchanged

1 Introduetion. In the last years the modern analytical methods by emis-
sion spectroscopy have wittnessed a remarcable progress thanks to the rapid
development of the electronics and computation systems, on the one hand, and
thanks to use of news spectral sources among that imnductively coupled plasma,
on the other hand Thus has been found atomic emission spectroscopy using in-
ductively coupled plasma (ICP-AES) Greenfield [2] and Fassel [3] have been
optimized the geometrical parameters of the torch and developed the ICP-AES
system, the follow commercial apparatus using these achievements. For to im-
prove this class of spectrometers one has taken mto consideration modernization

o ©f the measuring and computation systems, projecting of more stable and adap-

table radiofrequency generators, achievement of the improved systems for in-
troduction of the 'sample 1nto the plasma and not m the last time, manufactu-
1ing of new types of torches with lower argon consumption (therefore with lower

consumptlon of radiofrequence power) without sacrifying analytical capabili-
ties of this method. .

The total argon consumption (15—20 1/min) from the conventional torches
amounts the running costs of the radiofrequency generators for ICP, what 1s
the main disadvantage of ICP-AES method The accomplished researches [4—
10] have imphasized a lot of possiblities to reduce the running costs of this A
first possibility, but deserted of practical reasoms, 1s the recirculation of argon.
A second possibility is to use a less expensive gas, such as nitrogen, but the tem-
perature and consequently.the analytical properties of plasmas generated with
molecular gases are inferior compared to an argon plasma, since the dissociation
of these gases absorbs too much radiofrequency power A third alternative main-
tamns argon as a sustaming gas, but operates to reduce the total gas require-
ments of the torch Three approaches can be distinguished for this last
purpose rteducing of the physical dimensions of the three torch tubes, external
cooling of the torch (with water for example), using of the uncooled torches but
made' of other thermoresitant materials (silica, ceramic)

Starting from these considerations, the author has proposed himself to make
a low argon consumption torch, at a i1adiofrequency power lower than that pre-

* IAUC — University of Cluy, 'Department of Chenustry, 3400 Cluj-Napoca, Romania
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- flow rate is of 18—+20 //min and through the space between inner tubes 1s intro-
duced the gas adjusting the vertical position of the plasma with 1—2 Lmn flow
.rate The central tube 1s used for mtroduction of the sample mto the plasma,
pneumatic pulverized from liquid solutions with 1,5—2 [/mwn gas flow rate Due
to the torroidal shape of the plasma the core 1s rela’mvely cool, which facilitates
introduction of the sample The linear velocity of the carrier gas 1s a' compromise
between a mimimal value necessary to- -penetrate the plasma and a maximal

sented m the work [1],.and what 1s-constituent part of the ICP spectrometer

S D ANGHEL
/

made 1 TAUC—Cluj-Napoca University.

2 Considerations -on inductively plasma torch. In. an ICP spectromieter the

.
i

,
8

conventional torch consists of three concentrié quartz' tubes system. It is mtrodu--

ced in a coil connected ‘at a radiofrequency generator (12—50' M Hz), able to sup-
ply a great enough useful power (1—2 kW) for 1gn1te and mamtam an argon dis-

charge at atmospheric pressure (Fig. 1)
Through the space between outer tubes 1s mtroduced the cooling gas whose

“valde that allows sufficient residence time in the plasma.

Several researches on h1gh -efficiency torches show that plasma can be sus-
*talned on an argon flow rate down to 4 Ijmn Below this flow rate the plasma be-
comes unstable and eventually extinguishes. In the work [9] has been studied
', physical appearance of the ICP sustained in an air cooled torch After the plasma
has been 1gnited at an argon flow rate‘of 12 I/mm this was slowly diminished to
0,5 ljmn, watchlng the physical appearance of the discharge At 12 //mun.the
plasma has a very long tail, obviously due to the torch extension. When the gas
flow rate is duminished, the tail decreases n length with the gas flow rate. At

f

about 4 I/mn, the plasma becomes somewhat unstable but 1t is not e*{tmgmshedﬁ

When the flow rate is 2 J/min, the plasma becomes suddenly very white and is
staBle agam, having a spherical shape- rather than the ccnventional tail-fldme
shape. At this flow rate the plasma touches the wall of the torch, which 1s then
glowing softly inside, a latge hole with a diamater of 5 mm bemg present in the

center of the plasma- When the gas flow is reduced further, the plasma shrinks

semewhat in size, until a gap of "1—1,5 mm exists between the plasma and the

torch, the torch wall stops glowing and the hole 1n'the plasma becomes smaller

it

v

ot

-RF-
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" At flowsless than. 1 I/mn, the hole becomes just a darker spot and a gap of 2 mm .
exists between the torch and the plasma Below 0,5 //mun, the plasma shrinks
“somewhat further in size, but the brlghtness remains the same and the hole disap-
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A

peares when the gas flow is turned off, the plasma gradually turns purple dueto
oxygen diffusion and extinguishes. . . e .

3 Presentation of the minitoreh and ‘experimental results. As a.result of
the accomplished researches for realization of a’low argon consumption torch,
the author has been chosen a constructwe solution shown m Fig:-2.+

The novelty of this torch is the ceramic p1ece of sinterized alumma (Al 2O:,)
thermores1stent of 2000°C apprommately Also it can be obsefved that 1s used
only a single d1mens1on of quartz tube that can be easyly replaced when 1t 1s
damaged.: N
*  The decrease of the geometncal dimensions of the tofch and the Optlml—
sation of the ratio ‘between inner diameter. of the quartz tube. and the outer dia-
‘meter of the ceramic piece have many important effécts. On the one hand the
fargon flow rate for cooling and sustaming of the plasma has been decreased from
20 ljman to 13,2 l/mgn, that 1s 349, On the other hand the radiofrequency power
absorbed intg the plasma has been decreased with 37 4%, from 1656 W 1n the
case of the conventional torch, to 1037.W 1n the case of the low. argon consumption
torch Though the energy transfered t6 the -plasma presents an rmportant diminu- -
tion, nevertheless temperature 1s not decreased. By an approximate calcilation
results that, thanks to reduction of the torch dimensions the velume of the plas-
m4 has been diminished with 449, that 1s the energy density mto the plasma 1s
greater with 12,59, approximately. i the case of the muitorch, which means
‘an Increase of the 'plasma temperature Thls supposition has been venfled by

o , . . . )

quartz tube

[ : B
o—rfcoll”

) K
ceromic oot ' s
_piece - A .

cooling and
sustaimng
argon

- fixation /
piece ;

central : e
i ] piece '
- , t ! 5 -
o sample

J Fi1g 2 Minitorch construction .
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measuring the mtensity of the spectral line with Wavelength of 408,307 nm of
manganese using the conventional torch and the low argon consumption torch,
in the same exerimental conditions, ascertaiming that the intensityinthe second
case 1s greater.

For to confirm the ability for using as a great performance spectral source
of the mmductively coupled plasma obtained with the aid of this torch, the analy-
tical results obtamed m the case of mercury analysed at 194,227 nm wavelength
are presented In Fig 3 is presented the calibration curve obtained for concen-
tration range between 3,4 and 100 ppbd (pgfl) and 1 Fig. 4 1s shown the spectral
range between 193,952 and 194,576 nm of a solution contaming 3,4 ppb concen-
tration of mercury Starting from the accepted condition in literature, according
to which the intensity of a spectral line, for to be measurable, must be three times
bigger than deviation of the spectral background in its close proximity, one can
estimate that the detection limit in the case of this element 1s below 1 ppb, what
1s at the level of the best results'obtamed with this analytical method

- 14
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Fi1g 3 Calibration curve for mercury line of 194,227 nm
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Fi1g 4 Mercury line of 194,227 nm 1n concentration of 3,4 ppb
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-/ 4 Conelusions. Taking mto consideration the above mentioned results one
can assert that the minitorch manufactured and experimented by thé author
has more advantages1n comparison with the conventlonal thrée concentric quartz
tubes torch low argon consumption, greater dénsity of energy into the plasma,
reduced gauge; beng the only deteriorable piece, the-quartz tube can be easyly
replaced , this technology 1s not necessaryly a pretentious-one Also one foresees
the possibility of using ceramic materials for manufacturing other pieces of low
argon consumption torch

, A('knowlequement The author acknowledges w1th thanks the help of Mr E Darvas: for obtam-
mg of experimental results
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. STATIC SUSCEPTIBILITY AND MAGNETIZATION MEASUREMENTS
., IN THE HIGH’T SUPERCONDUCTOR SYSTEM ¥:_.Gd <Ba,Cu0,_s

Al. NICUL.A\*; A. V. POP*;, AlL. DABABONT** 'I. COSMA*** . v
) " - - LN o
- -'J s ' [ ’
t v 1 N N . ‘
ABSTRACT. = Static susceptibility and' magnetization measurements were
performed 1n the normal state of the Y, xGdxBa,CuyQ, 5 The dependence of
Curie constant C and Curie paramagnetic temperature § versus x indicates the
' * Curie—Weiss behaviour and posstblé exchange interactions The normal state

magnetization Mn(H) evidenced the paramagnetic behaviour {

| 'S -
Introductlon. Since the discovery of the oxide supercenductors Y Ba,Cu30; s
[1],, many researchers have been devoted to various experimental mvestigations

s

probing the nature of the superconductivity. The Y can be replaced by many .

rarezearth elements while majntaining the same crystal structure and achieving
approximately the same superconductmg transition temperature T, independent
of whether or .not they are maguetic - Magnetic susceptibility in the normal

‘state 1s ome’ of the fundamental quantities which characterize the framework

of superconducting systems [3, 4]. An analysis of the normal state magnetic sus-

, ceptibility of the present metallic oxides 1s still somewhat uncertain. One of the

ditficulties consists in estimating the effect 6f reduced-dimensional short range
order of fluctuating -cooper magnetic moments However, the part1al 'substitution
ot a rare earth element for Y in Y Ba,Cu;0,_s has not led to the enhancement.of
superconductivity, but miore often has-caused 1ts degradation. Our EPR measu-

_ rements 1n the ¥, _,GdBa,CuzO,_s system [2] indicates at room temperature

the overlapping over the characteristic G43+ line of a signal typical for Cu?+

; Tesonance In fact several groups have reported EPR results which differ consi-

<

derably [6, 7], function of sample preparation , A rehable explanation 1s'not

attamable from EPR results alone

In this context the magnetic properti€s are studied here through magnet1za—
tion and static susceptlblhty on'Y, .Gd,Ba,Cu0, ; (x = 1,5, 10, 15, 25%)
function ofimagnetic fields and temperature.

Experimental procedure. The samples were prepared by the solid phase reactlon method and

' the thermal history 1s described in [2]

~The normal-state susceptibility »,(T) and the magnetization M(H) were measured by a inag-

_ netic Faraday balance The presence of a superconducting phase with T, > 77 X was established

by testing the Meissner Ochsenfeld effect on the samples cooled under hqmd nitrogen temperature.
The ‘thagnetic susceptibility was measured from 90 X‘up to 300 K 1n the apphed field ofr 099 T
for samples by »= 5%, 10%, 15% and 053 T for » = 25%

Results and diseussion. The normal-state susceptibility X,,(T) and the inverse
'+ of the static susceptibility 1/y,(T) 1s shown for the samples of ¥;_,Gd.Ba,CuzO;_s

in Fig. 1 (x =5%, 10%,' 15%)

. v
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** Institute of Isolopic and Molecular Technology, P O Box 700, 3400 Cluj-Napoca
e Pohtechmcal 1nsl:tu(e of Cluj-Napoca, Department of Physics, C 3400 CIu[..Napoca, Romania
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Fi1g 1 The température dependence of magnetic susceptibility », (T) and reciprocal susceptibility
under the field of 099 T for samples by »= 5, 10, 15% Gd
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' Fi1g. 2 Curne constant C(x) and Curie paramagnetic temperature O(x)
function of the Gd concentration v mn Y, ,Gd,Ba,Cu,0,_s
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It is reasonable to assume that y,(7T) 1s described by the law %, (T) = y, + C/
/(T — 6,). Here y, 1s the constant background, 0, 1s the Cune temperature and
C is the Curie constant

The least squares fit to the data using this formula yields the value of Cand
0, shown 1n Fig 2 For x € (0 — 15%,) the Curie constant increased linearly
The magnetic susceptibility 1s estimated by substracting the values of diamag-
netic contribution (—3,66 1077 emufg) for the iom cores in YBa,Cuy0; 5
As can be seen m Fig 2, an mcrease in the Gd concentration x raises C, corres-
ponding to the enhancement of the Curie-Weiss behaviour m %1a(T)
The deviation from p,pmes ~ 8 pp which caracterize the Gd4%+ 1ons 1 the single
phase orthorhombic structure, can be explained assuming the presence of msu-
lating phases (Y,_,Gd,)Ba,CuO; with supplimentary C, due to the effective mo-
ment of Cu** 1ons (., ~ 1,7 up), and the presence of Cu?* in the chams.
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F1g 3 Normal-state magnetization as a function of the magnetic field at 7 = 92 K for samples
* by 5, 10, 15% Gd
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The assuinption of insulating phases 1s related with tlie existence of similar ne-
gative Cune temperatures evidenced by. some autolirs.[6, 7] in Y,BaCuOy and
GdyBaCuO; “green” 'phases The dependence of the paramagnetic Curle tempera-
ture 6, functlon of x contain an exchange interaction effect -
The normal state magnetization Mn(H). measured by a Faraday balance at T —
= 92 K, is shown for several samples of (y;_,Gd,) —Ba,CuO,_sin Fig 3
The curves Mn(H) provide an experimental e\rldence for the paramagnetic natu-
re of samples for T > T, - .

Conclusions. The ‘static suscept1b111tyA and .magnetizations ‘meastirements
evidenced the Curie-Weiss behaviour in the normal state of superconducting
system Y, ,Gd,Ba,CuyO, The dependence C(x) can be explamed assuming the
presence of insulating phase with supplimentary C; due te the Cuz+. An ex-
change interactions effect contain the dependcnce of 0,(x) .
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SPECIFIC PROBLEMS RELATED TO TI‘IE CORRELATION BETWEEN
. THE LOWER AND THEF, UPPER IONOSPI‘IERE ' /"
C sz(ics GEZA* and SZOCS ;:[UB'\** :

S

' ABSTRACT. — The obxectlve of this research was to study the interaction
S between the ionospheric layers Correlation coefficient between Wolf's number
and the average of critical frequencies was computed for the E and F layers
Using method of multiple correlation the existence and characterlstlcs of Lh1s

mteraction has been attempted

- ( 3 ' v

The condition of the 1onosphere -layers is mfluenced prlmarly by external
" effects, viz solar activity and cosmic radiation Slmulta‘neously terrestial effects
such 3s geomagnet1c act1V1ty also influence this condition. The actual problem
- is the interaction betwéen the lower and upper layers of the ionosphere
In order to study the interaction between ‘the layers of the Jlonosphere the
féllowing method has been applied - -
1. Using the data available for fhe periods from 1959 to 1977 and from
1984 to 1986, the critical frecvency f E, for layer E, was computed each month
for the ordinary wave. Thus 3 654 data for the cr1t1ca1 frequency was determined ;
2. The, correlation coefficient between the monthly-hourly averages of
the critical frequency and the pertaining monthly Wolf’s number was determined !
(174 data) for each month (see table)

.

‘
v

. Table 71~
~ K ' ! 3z !
v - Correlation Coefilelents ¥
Time o4 05 06 07 08 a9 100 11 12 13 14 15- 16 17 18
N month _ .
I . . 0,47 0,58 0,72 0,77 ‘0,85'0,7? 0,87 0,69 0,74
11 ’ . 0,31 0,76 0,68 0,87 0,83 0,87 0,90 0,84 0,78 0,77 . ~ T
X 111 - 0,46 0,83 0,74 0,93 0,83 0,86 0,87 0,80 0,88 0,85 0,70.0,64
- v . 09 062 071 0,77 0,74 0,70 0,74 0,78 0,73 0,75 0,93 0,76 0,69 0,80 0,89
( v . 059 065 093 087 088 0,9 0,93 0,89 0,89 0,91 0,84 0,85 0,91 0,52 0,66
vI 0,9 062 0,71 0,77 0,74 0,70 0,74 0,78 0,73 0,75 0,93 0,76 0,69 0,60 0,89
. VII 035" 0,83 0,9 0,86 0,83 0,92 0,90 0,93 0,85.0,87 0,91 0,86 0,89 0,83 0,73
. VIO 0,88 0,86 0,94 0,87 0,90 0,95.0,95 0,92 0,93 0,82 0,92 0,87 0,78
N IX 0,40 0,84 0,84 0,85 0,90 0,85 0,84 0,90 0,85 0,86 0,76 0,78 0,81
X. - 0,41 0,67 0,76 0,82 -0,81 0,87 0,87 0,84 0,73 0,44
X1 . 0,58 0,64 0,80 0,83 0,77 0,85 0,73 '
. X1 - /0 64/ 0,69 0,74 0,85 0,80 0,68 0,77 0,58
I 5 ) '
* Esztefhazy Karoly Pedagogtcal Co!lege, Eger, Hungary . , o,

** Kando Kalman Tehnical College, Székeslehervar, Hungary
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3 Correlation coefficients for F layers were determined similarly (fF,);

4 Multiple correlation for coefficients of layers E and F was determined dif-
ferently. Final correlation coefficients are summarized in Table 1, while _graphi-
cal representation of data 1s shown m Fig 1 ,

S5 The average value of correlation coefﬁclents was computed the result
is » = 0600,

The result ot the above procedure can be summarized as follows

1 The graph of correlation coeff1c1ents contains four maximums and four
minimums .

2 Correlation between the iomzing effects i layers F and E 1s characte-
nistic (» = 091 in January, » = 0,83 in October), sumilar case 1s in months of
equmox (r = 092 in March, r-= 085 in September) This correlation is weak
in December (» = 036), in February {r =023), mm Avrd {r = —004) and
June (r =0 34) ‘

3 Variation shows over a 2 month period

4 TFurther consequences can be determmed by an even mecie sophisticated
correlation analysis Interaction between the different layers 1s doubtless Fur-
ther development of ,Solar Physics could give a new perspective for such theores.

{
'F
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F1g 1 Graphical representation of correlation coefficients variation as function

i of month.
' 1
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Note ' o . ,

The relationship bétween layers E arid F2 which take place in different
heights of the ionosphere, 1s too  complicated to study by a correlation computa-

" ‘tion based on monthly hour averages The behaviour of layer E 1s stmilar to that

- of the Chapman -layer that is the electron-density related to 'foE, varies 1 accor-

dance with zenith-distance of 'the Sun

As for layer F2, electron-density related to f.F2 is not governed by thls law
The ionization in the two layers 1s generated by radiations of different wave-
-length (80—102,6 nm 1n layer E and 20—91 #m 1n layer F) moreover the recom-
bination processes mn the two layers are different, also In layer E quadratic
while 1n layer F linear recombination takes place. Transport of charges 1s diffe-
rént, as well In layer E ‘transport of charges is negligible, while n layer F2 it
plays an important role by plasma diffusion. v

Fluctuation of the curve shown in Fig.'l. (2 month pertod) may just be attri-
buted to that in layer E (as it 1s well known) effect of geomagnetic act1v1ty is
hardly observed - layer F2 1t results in con51derable changes

}
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S EPR INVESTIGATION OF Fed* TONS IN
. THE 19570, - 5PHO]. GLASSES .

~ )
M. PETEANU* and 1. ARDELEAN*

1 -

ABSTRACT. — EPR absorbtion spectra due to Fe3* ijons in xFe,0, (I - x)
[95Te0, - 5PbO] glasses for 0 5 < 2'< 20 mol % revealed a strong dependence

, of thetr structure and the values of the EPR parametets on the glass compo-

sition- At low Fe,O, content, resonances due to isolated Fe3+ 1ons in sites of
distorted cubic field; prevail in the spectra As rising concentration, a very
marked clusterizing tendency of the mumpurities was evidenced For both types
of absorptions, the EPR parameters dependence on the Fe, O, content i the stu-
died matrix, was able to give us imnformations about the Fe®+ 1ons distribution
1 the matrlx along the proposed, concentration range In the 80300 K tem- ,
perature range, our samples beha(ve as paramagnetic ones ) i

\
. !
o7 ' ' ' ¢

 Introduetion. The paramagnet1c resonance- spectra of Fe®+ 1ons in oxidic
vitreous matrices were successful in identifying the vicmities m which the crys-
tal field effects result in absorptions having g factor values very different from
20023, and also m evidencing the clusterizing tendencies of the paramagnetic
ions over a concentration limit [1—5, 10, '11]. The mteractionsinvolving them,
depend on-the strength and type of bindings m the host'diamagnetic matrix,
and also of the magnetic dilution of impurities, so that the absorption spectra and
the EPR parameters dependence’ on the paramagnetic ions concentration may
provide. informations about the microstructure of the studied ioms vicintty.

Because of their “peculiar properties having number,of applications, tellurate
glasses become over more studied m the last time By melting tellurium dioxide-
and ‘transition.-metal oxides in suitable proportions one obtains amorphous com-~’,
pounds which are electronic semiconductors; their propertiés bemg intensively
used 1 microelectronics Series of papers concerning the TeO,—V,0; —Fe,Oy
glassy system ‘reported its electrical properties, connected with the concentration
and mobulity of the. current carriers, and the phase equilibrium diagram [6,-7].
The vitredus state formation in blnary telluraté systems containing transition’
metal oxides has been investigated in detail [8] The’ binary TeQ, —Fe,O, sys-
tem was studied from the pomt of view of its electrical prbpertles [6] as well.
as structural ones, by means of. Mossbauer and TR’ spectroscopy, and p051tron
anjhilation [9] ‘ : ’ v Ca :

In order to obtain more mformathns about this system we stud1ed the’ ma.g-
netie properties [12] and the EPR*absorptwn spectra of Fed+ 1ons in tv1treous :
95Te0 - SPbO matrices ’ - :

: L\perlmentﬂl Our investigation concerns the xFeZO (11— 2 [95Te0, 5Pb0] system for
z varymg in the range of-0 5 <7< 20 ol % Vitreous samples were obtained by meltmg the oxldlc
mixtures corresponding to different concentratlons i an electrically heated furnace at about 1000°C’

Sl fs r »." v " . 2o . L2t
PN

- 4 v . \, ~N 1 e
f i University of Cluy, Depan‘ment of Physics)-3400 Cluyj-Napoca, ‘Romamia '~ . * “ v et S i
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After an hour of stabilization at the melting temperature samples were quenched on a stainless
steel plate at the room temperature Typical glasses were obtained as both aspect and structure

Electron paramagnetic resonance measurements were performed at both room and hiqmd m-
trogen temperature, by using a JES-3B type spectrometer, 1 the X frequency band, and a 100
kecfs field modulation

Results and discussions. Along the investigated concentration range the mag-
‘netic’ susceptibility follows a, Curie-Weiss law, with a negative paramagnetic
Curie temperature, 0,, mcreasmg limearly in absolute value as the Fe,O, content
rises [12] The temperature dependence of the reciprocal magnetic susceptibility
over the investigated temperature 1ange 1s limear, the magnetic transition tem-
perature having a very low value The magnetic ordering, if exists, takes place
far below 80 K A linear dependence of the Curie constants on the Fe,O; content
was obtained The values of C, were situated between the two limit values, when
only Fe3+ or Fe?* 1ons would be present in the matrix, suggestiig the presence
of both i our samples !

Over the investigated temperature range a paramagnetic behaviour was
evidenced The magneti¢ ordering at lower temperatures hasa local character,
in agreement with the amorphous structure of our samples

The presence of the Fe3+ 1ons, and their distribution m the vitreous matrix,
was evidenced by means of the EPR measurement ,

The EPR 1nvestigation. of the xFe,0; (1 — x)[ 95TeO, 5SPbO] system,
for 0.5 < 2 < 20 mol 9, revealed a strong dependence of the structure of the
absorption spectra, and the values of the EPR parameters on the sample composi-,
tion. For comparing the EPR absorptions mtensity, and to follow their evolution
on the proposed concentrations range, the same amount of sample, 1e 100mg,
was tested The structure of the absorption spectra was not affected by the tem-
perature lowering, excepting for the signal intensity mcreasmng, and a better
_tesolution The features of these spectra are evidenced i Fig 1 The Fe?+ recorded
spectra, mainly consist i absorptions centered at gy~ 43 and g,,~ 20 It 15
known that the absorptron at g ~ 4.3 is due to 1solated Fe®* 1oms subjected to
crystal field effects, actmng as prmecipal mteraction m the spmn hamiltonian Such
‘an absorption was mterpreted in terms of the axially symmetric crystal field,
or of the rhombic one, prevailing in the spin hamiltonian[1, 4] It was also pomted
out [5] that the g ~ 4 3 absorption increasing as temperature lowering cannot
be assigned to transitions mside the median excited Xramers doublet, as m the
case of the rhombic field model [1] Therefore, it seems appropriate to consider
the distorted cubic field case, which results in transitions having an isotropic
g = 4.28 value 1nside the lowerest Kramers doublet. \

In our EPR investigation of the Fe®* ioms m xFe,0O, ‘(1 — x)Na,B,0,
glasses the cubic vicmities of the paramagnetic 1on having a tetragonal distor-
tion, were taken into account [10] The specific structure of the borax glasses
[15] supported this choice Tellurate glasses being more distorted, the complexes
involving the tmpurity are almost planar [16] The theory of the g ~ 4.3 absorp-
tions was detailed for a variety of distorted vitimities [13], options fof the most
convenient case being available according to the structural peculiarities of the

- mvestigated matrix

According to Fig 1 the spectral structure dependence on concentration

shows that at low impurities content resonances centered at g ~ 4.3 preyail in
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degrees of amplification, according to ‘10 _
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the spectrum. As rising concentration, their mtensity suddenly decreases absorp-
tions, becomung favoured at g~ 20 The EPR absorptions evplution along the
proposed concentration range is easter to follow by considering the composition
dependence of .the characteristic EPR parameters, that is the peak-to-peak
height I of the absorption lme, the.linewidth AH, and the intensity approxima-
ted as J = I - AH? The concentration dependence of these parameters is plotted
in f1gs 2 and 3 for the absorptions centered at g ~ 4 3 respectively those centered,
at g~ 20.

10
N AN
10 ur * sk
—_ th
iy o b= N
% 8+ < 1 5 I
3 e = 6
n = s
B 6t IIO- o
— <9 LA
LE sk oL
. oL
,2_ 5 , L 3
{l { ) ! L || ] I 1
0051 3. 5 0 051 .3 5 0051 3 51
x[mul°/ofe703] % [mol %o Fe?O3] x[mol% Fe03

Fig 2 EPR parameters dependence on the Fe, O, content, for resonances baving g = 4.3
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Fi1g 3 EPR parameters dependence on the Fe,0, content fos the absorptions centered at g=2 0.
“

In contrast to the g ~ 4 3 resonances whose mtensity increases on an extre-
mely short concentration range, suddenly decreasing-and completely disappea-
ring for x > S mol 9, Fe,O, the g ~ 20 absorptions intensity mcreases almost
Imearily till about 15 mol %, Fe,O; and diminishes only after The mcreasing of
the g ~ 2 0 absorptions 1s pre]udme of those centered at g ~ 4 3 values A s1-
milar behaviour was detected for the Fe®+ 1oms 1n borate glasses [10, 11, 14)]
However, the g ~ 20 mtensity imcreasing 1s much more pronounced and takes.,
place at lower Fe,O, content i tellurate glasses than in the borate ones, provi-
ding a’' striking cluster1smg tendency of the Fe3+ 1ons In the composition depen-
dence of the g ~ 4.3 absorptions plotted in Fig 2 the intensity reaches its ma-.
ximum at ¥ == 1 5 mol % Fe,O4, whereas in the natrium borate glasses xFe,O,

- (1 — x)Na,B,0, this maximmum occurs for x > 4.00 mol 9% Fe,O5 [10], and n
the lead borate ones for x = 8 mol 9, Fe,O; as mn the case of the xFe,0; (1 —
— x)[PbO  3B,0;] system [14], or x = 7 mol %, Fe,O, 1 the case of the rFe 204 -

(1 — x)[PbO BZO3] glasses [15] The Fe3+ 1ons viciuity seems to be more
ordered 1n the borate glasses than in the tellurate ones, and more stable as confi-
guration during the process of mmpurities accumulatlon along the mvestigated
concentration range

Having i view the structural origin of the g ~ 4 3 resonances, Moon ‘et al
[18] explamed their evanescence by the removal of the local symmetry distor-
tions, at the iron 1ons addition The fact that the vicinity n tellurate glasses 1s
strongly distorted was already evidenced, and also the fact that the Te 1ons mi-
crovicinity 1 amorphous compounds 1s stmilar to that of the, crystalline TeO,
[16, 19] During:the impurifying process, the Fe?+ 1ons substitute for Te The
symmetry of the neighbours determining the crystal field 1s low enough for jus-
tify the g ~ 4 3 absorptions The microvicinity of the Te 1on is a distorted te-
trahedron 1 the form of a roughly planar complex Subsequent studies [9] sho-
wed that the tellurtum-oxygen configuration type depends on the modificr content.
One supposes that the TeO, tetrahedral complex’ has, 1n tellurate glasses, an ex-
tra-trigonal distortion due to the nonbridging oxygens The explanation of the
g ~ 4 3 resonances evanescence by means of the distortions removal seems to.
be nonrealistic 1 .tellurate glasses, [3]. .. ( ~
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Another possibility of the g ~ 4 3 resonances dimmishing would be the dipol-
dipol broadening of the absorption line'by addmng iron 1ons m random positions
n the matrix, or, so as [18] demonstrate, the connection of the paramagnetlc
lons in clusters growmng as the concentration rises By simulating thé effects
of mteractions with the nearest neighbours and the next-nearest ones, Duff and
Canella [20] showed that the 1solated 1ons concentration culminates at values
of x much smaller than those predicted by the theory of a random clusterising
_process The shift of this maximum to smaller values of # was atributed to exchange
mteractions extended to a wide range

In our opmmion the g ~ 4 3 absoprtion removal during the 1mpur1fy1ng pro-
cess, 1s primarily due to destroying of the neighbours configuration in the 1ron
ions vicmity Although randomly distorted these vicinities are 1n some kind alike
to each other, having at the origin the same crystalline structure, and the same
.ability cf the JFed+ 1ons to order their surrounding These m1croagregates also
assure the degree of mndependence of the paramagnetic 1ons and, thetr specificity
of “1solated” ones The'gradual increasing of the paramagnetic 1ons density des-
troys the microstructural ordering In their neighbourhood and their vicinities
as characteristic enfities become-less represented .

The linewidth of the g ~ 4 3 resonances increases on the proposed concentra—
_ tion range, but the 1n1t1a1 slope corresponding to the dipolar broademng at low
paramagnetic 1ons centent, is changed at higher concentration. The linear depen-
dence at low.concentration show a random distribution of the Fe®} ions m the

. vitreous matrix [17] At higher concentrations the site population deviatesfrom

randommess, the 1ons interacting strong enough to be mcorporated in.a cluster
structure This explains the AH values much lower. as’ those predicted by the
initial slope (Fig 2), due to the superexchange interactions of the nearest neigh-
bours The increase of the Fe,O, content mvolves smaller -distances between
,the Fe?+ 10ns and consequently magnetic interactions These are expected to
take place by a superexchange-type mechanism. The strenght of the exchange -
interactions is not as great as to favour macroscop1c magnetic ordering, the 'sami-
ples remaining essent1a11y in paramagnetic state over the studied temperature
range.
‘The composition dependence of the g ~ 2.0 absorptions (Fig. 3) show an increa-
sing of both intensity and linewidth along the concentration range, but these
parameters do not follow linearily the Fe,O, content. This is due to the fact that
during the melting process of the oxidic compounds besides the Fe®* ions, Fe?+
enter the vitreous matrix too at a certain step of the composition scale. Fe?*
ions are not involved in the EPR. absorptlon but ‘their interactions with Fe3+
influence ‘the characteristics of the ‘absorption spectra. The Fed+/Fe?*balance
depends on the matrix composition, the melting temperature, and ohter specific
conditions [22, 23].

Conclusions. The EPR of Fe3+ 1ons in xFe,0, - (1 — %) [95TeO2 5PbO/]
glasses, for 0.5 < x < 20 mol 9, reveals a strong dependence of the structure of
the absorption spectra and the EPR .parameters value, on glass composition.

At small impurity ions content, resonances centered at g~ 43 prevail
in the spectrum These are due to Fe3+ isoltated ions in sites of distorted orystal )
field Their dumber increases on an extremely short concentration range, the
correspondmg sites bemg occuped at low concentrations.
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At higher concentratlons the ions interact strong enough to be incorpora-
ted in a cluster structure The correspondmg EPR absorp’clons are cenfered at
g ~ 20 Tellurate glasses are characterized by very pronounced tendencies of
clusterizing of impurities in their matrix.

In the 80—300 K temperature range, the investigated tellurate glassessare

- .paramagnetic The magnetic ordering is supposed to take place far below 80 K.

»
' 3
‘ \
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THE DETERMINATION OF OPTICAL- INDICATRIX AXES IN'
UNIAXIAL NONLINEAR CRYSTALS

[N - - . ‘

GABRIEL MOAGAR-POLADIAN* .

-

ABSTRACT. — A method for optical indicatrix axes determination 1s presen-
ted, Its use 1s of practical interest for uniaxial nonlinear crystals Itisa fast me-
thod, thch doesnt’ need X—ray apparatuses |

Introduetion. The recent developmqnt in optical communications systems,

optical radar and other branches m which -nonlinear media are involved, needs

methods for last determination of -their opt1cal properties, in partlcular of thelr
optlcal axes

Theory. The optical indicatrix is the surface ‘0f second degree which descrlbes

the value of the refractive index of a crystal as a function of Crystalographlc di-

rect1on Its equation is

W +

" n~

+ nz - - ’ x’ (1)
where n,,, n,,, n, are the refractive indexes along the three, perpendicular’ direc-
tions X, Y,

. In the ‘case of biaxial crystals, the ‘ndicatrix has the shape of-an ellipsoid
with unequal semiaxes In the case of umaxial crystals, 'the indicatrix has the
shape of 4 revolution ellipsoid, and for 1sotropic.media the shape of a sphere.

When an electric field 1s applied to uniaxial or isotropic media, thewr symme-
try 1s changed, this change being translated (from the point of view of optical
properties) m changes of optical indicatnix 'So, m the case of a uniaxial nonlmear
medium the equation of the imndicatrix in the absence and,respectively, in the .
presence of the applied electric field ds v -

22 4 92

’

= +7;_——l with #, = n, = ng, e = e ‘ ‘ (2a)
: o . R
- I 7,z+2u,, XY =1 + (2b)
} ¥y x

where. 7 7,918 the (xyz) clement of the electrooptlc tensor Equatlon (2b) could
be transformed to the canonical form Let the electric field. E be applied parallel
with the optical axis (Z) of the crystal 'Then, the transformation to canonical form
is realized by turning the initial systém of axes (XYZ) around Z-axis, with a
certair angle. @ The new axes are X'Y'Z The turning angle is obtained from the
equation (see 1) > ~ . RN £

1 H s
- 2 E. )
tg 2a = L el . e
‘ ' Py + (Page—-1yy) Ex ’
y - .

2
nx

* Institute of Atomic Physics, Laser Devices Department IFTAR—DSL Bucurest:
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and 1t is seen that the angle depeilds on the elements 7,,, of the electrooptic ten-
sor and on applied field. In the case of umiaxial crystals #, = n,, so

tg Qo = — Tm . (4)
. Pz — Tyys .
In the presence of the electric field the umiaxial crystal becomes biaxial
The 1ntroduction of the crystal between two polarizers gives an optical trans-
~mussion for a light beam passing through the system equal to (see 1), (Fig 1):

2 & P
Ve
2 .

. il x 1

Fi1g 1 The optical transmission axes
r
; - T = cos?(y — B) — sin?y sin2p sin? Y (5)

where I' 1s the retardation induced by the electric field In the case of crossed
polarizers, each of them being parallel to one of the old axes X, respectlve]y Y,
the optical transimssion becomes .

T, = sin? 2y sm"’—g (6)

Applying an alternative electric {1eld, the optical transmission of the system,
and thus the transmited light mtensity, will be modulated at a frequency which
is equal with that of the field. Turning the crystal around its optical axis(Z),
the optical transmision will vary with v as i (5). When the mput polarizer
P, (see figures 1, 2) 1s parallel with one of the X’ or Y’ axes, the system doesn’t
work as an intensity modulator (y = 0) and the signal on the osciloscope (which
is on the A C input) becomes zero. Knowing «, it is possible to determine the
X, ¥ axes 1 the absence of the electric field

In this method 1t 1s assumed that the optical axis (Z) was determined ear-
lier A method of determining this axis 1s that of the conoscope (see 2) It 1s assu-
med, also, that the values of 7,,, coefficients, with which « 1s calculated, are known.

Experiment. The scheme of the experimental arrangement is shown in the
figure 2

-B (M B D QS
O

?

SER)

"Ei

HV

F1g 2 The scheme of the experimental arrangement
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Tt 1s typlcal arrangement of an 1nten51ty modulator using long1tud1nal Pogkels
effect P, ,P, are the.polarizers (which are crossed) H V represents the source
of voltage which is applled on the crystal, CN means the nonlinear crystal (the .
optical axis, the applied field and the propagation ‘direction of the light beam are -
" parallel), LASER represents the light source it was used (a low power He-Ne
laser), FD 1s the photodetector and OSC is the osciloscope

. An alternative electric field .taken from the electric net through an up-con-
verter voltage transformer, is applied dn the crystal. The electrodes on the crys-
tal are obtained by, colloidal silver deposition on.the lateral facetes of the crys-
tal. After the determination of X, Y axes, the electrodes are eraised.

About the two polarizers, P; 1s mounted on a fix assembling The maximum
transmission axis lies 1 vertical direction.. P, 1s mounted on a mobile support
and is turned till there is obtained the maximum extinction (in this case the
polarizers being crossed) 'It 1s preferably that P, be a Glenn-Thompson:prism,
which has a very small closmg ratio (measured to 107%) The CN crystal 1s
mounted 1n a mobile, graded support For the determmatmn of X, Y axes was
used the next algorithm ,

— apply the alternative voltage on the electrodes - ‘

— observe on the oscilloscope screen if the ‘A.C Voltage appreas or not.
If 1t appears, this'means that one of the X or Y- axes 1s not parallel with P,.
In this case, the next steps are. - ' ¢

— turn the crystal t1ll on the oscilloscope screen doesn t appear the AC.
signal In this case, P, 1s parallel w1th one of the X or Y axes (so that axis lies
in vertical d1rect1on) .

— read the angle indicated Dy the crystal 'support

— turn the crystal with an angle equal to ‘that given by (3), Id this moment
the X axis (or Y) lies 1n vertical direction Mark on the crystal this position.

Thé experiments were done using KDP and, respectively KD*P crystals.
These crystals were already cut as in the next figure

oy

ng 3 The cut crystal axes

Turning the crystal as described before, the X, Y axes were obtaimned as in
figure 3, with a precision of 30’ (given by the reading accuracy). Also, the angle
between the position for which no signal appears on the screen was found equal
to 90° ,in concordance with the theory (the angle between _X’ Y’ axes, respecti-
vely, X Y, being 90°).

Reéquest. a) It must be detexmined with high accuracy the position of maxi-
mum transmission axis of the P -polarizer

b) it is necessary a fme mechamcs (for the support in which the crystal is
mounted) of very good quality, for 1ncrea51ng the determination accuracy .

¢ .
ot
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°

c) the use of an amplifier between photodetector and oscilloscope, for makmg
the electonie part more sensitive to very small beam intensities
' ' Conelusions. At the end, some ~aspects could be underlined g
a) The done experiments put in-evidence that the method is ‘appllicable.
The method could replace the X-rays apparatuses used for the determmatlon of
X an Y axes
b) It is used a m1n1mum “number  of components and devices Also, the elec-
trodes could be whashed off, so the crystal does not remain with them in the next
, 1 processing step, that of cutting. ‘ -
¢) It .1s a fast method
d) The method céuld reach a very high accuracy, this fact dependlng, on .
, one hand, on the ‘used mechanics, and on the other hand on the photodetection
electromc system.
* e) This method could” be automatized. -

A\
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CHARGE TRANSFER REACTION S IN, THE SYSTEMS ,
I\/[PLYING ISOTOPIC METHANES AT SMALL ° ENERGIES

Y. ARDELEAN® - . .

) 1l

)

ABSTRACT. — The charge transfer reactions of H+ CH+ CHf and Nt 1oms -

with CH,, CH;D, CH,D, and CD, were studied ma perpendrculary type tandem ' -

mass spectrometer An influence of the kme’clc and internal energy of the incident -
’ tons on the secondary mass spectra and on the 1sotope effects was observed The

1sotope effects are expressed as ,(D/H), I',(H) and T',(D) factors. The dependence

of the 1sotope effects on kinetic entergy could indicate a conversion of kinetic energy

into internal energy It was also observed 2 momentum transfer in the charge

transfer reactions The mew: varrable angle tandem mass spectrometer 1s shortly

described. . ! L4,

) N A ) '
i v

Introduetion. The data obtained from the study of the charge transfer reac-

‘tions are very useful i understanding of some. actuahty phenomena in phys1cs
and chemistry.
: So the data. concerning these reactlons are useful in the study of hlgh atmos—
" phere [1—4], m the radiation chemistry 5, 6], in astrophysics [7—9], n the study
of the flames [10-11], m the gas drscharges [12—13], 1n the problems of chemical
kmetics [14—15], in the study of some processes occuring i the fusion plasma
(16, 17], and generally in the mass spectrometry

Experiméntal. The apparatus was a perpendicular type tandem mass spectrometer, descnbed
eatlier [18—20] It consists of a 180° primary mass spectrometer with an inhomageneous magnetic
field, a retarding system, a collision chamber with an accelerating system for-the secondary 1ous, a 90°
secondary mass spectrometer with homogeneous magnetic field and an 1on counter. ;, - -

The pressure 1n_the tolliston chaniber was 1 5—25 x 107 torr The primary 1ons kinetic energy
was in the ranfe 8— 60 ¢V and the inténsity of the primary jon currents was in the range 3 X 10710—
— 15 x 1071 4 The intensity of the secondary 16n currents was 11 the range 1072 — 10715 4,

“  Results and diseussions. The secondary jonis which could appear in ‘the charge
transfer reactions between a primary ion P+ and CH, are CHj, CHf, CHS,
CH* and C+ . ,

For the case of the methane, the secondary ions could appear m a large range”
of recombmation energy of the primary 1ons [21], not only at the given fixed
values [22] That 1s because in the polyatomic molecules there are many energy
levels and at:least ome of'the sufficiently high recombination energy (R E) of
an ion could be in quasiresonance with one of the appearance potentlals (4.P.)
of the secondary 1onm, that means: Ae =4 P —RE-=0 -0

The results are given in terms of the relative cross séctions (percents of the -
. total charge transfer cross sections) versus the kmet1c energy of the primary
ioms.

There were studied charge transfer processes 1rnplymg as primary (reactant)
ions - Hf, CHf, CHy and N+ and as neutral molecules CH,, CH,D, CH,D, and

”

* Institute for Isotopic and ML_)]ecular Technology, PO B 700, Clu; 5, 3400 Ciuj-Napoca, Romania
' ¢ - -
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CD, In all these systems there were taken into account 1onic species CXJ, CX+
and CX;, C* and sometimes CX+ belng neglected .from quantltatwe reasons

A

(X bcmg H or D) "‘. ]

1 The systems fm?]blymg Hf and CH ¥ [23—25 ] as prumary In these systems
the variation of the relative cross sections versus the kinetic energy of the pri-
mary-1ons 1s relatrve small That 1s probably because Hj primarily, but also CHY,
have a relative large range of R ¥, which makes that a contribution of kmetic
energy be not so important. In flg 1 are glven the relative cross sections Q,
[24,29] versus the kinetic energy E, of the primary 1ons, obtamed for systems
CH; —CH,D. The 1sotope effects have a- more important variation, versus the
kmehc energy of the primary 1ons. This,dependence is more important fcr the
systems 1mplying CHJ than' that for ' the systems implymg H+ The 1sotope
effects are given in terms of =, and T factors [26] ..

The explanatlon of such a type of isotope effects could consist in the diffe-
rence between zero point energy of C—D and C—H bonds and 1n the different .
density of the vibrational levels of the two bonds .

The decrease of the =, (D/H) and I'(D) and the increase of [',(H) factors,’
all of them mdicating a imcrease of 'the elimination of H atoms relative to the
eliminationi of D atoms by the dissociative charge transfer, versus the kinetic
energy of the primary ions, could 1nd1cate a conversion of kmetlc energy into

-, internal energy, Table I -

In the case of I'/(H) and T, (H) 1 their values become eqoal to 1 (dissappearance
nf the 1sotope eflect )at ~20 eV kmetic energy and tecome smaller at energics
under 20 ¢V (the 1sotope effect 1s reversed). - -

This could mdicate a change w the reaciion mechanism Ti was observed

" the apperance of the CX¢ at energies under 20 ¢V and this could confirm the pos-

sibility of complex formatwn

It was estimated [27] that charge transfer, reactions could proceed by a
frontal collision complex when the relative’ veloc1ty of the reactamts 1s.9 > lO“/lel2
(where- o = M, M,/(M, +'M,)). For this velocity we have E < 2,2,V lab,"in

, our case (M, M, — the reactants)masses)

Tt results that between 8—20.eV, the charge transfer reactions could take
place by frontal collision complex a polarisation complex belng improbable.

b ' , '
A - ! 1
k! S - )
ol . . . -CH3 \
0] . T ; n
804 ¢
sb; . . : - co
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- ] T CHD*
20{ 77 CH3
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. »
Fi1g 1 The-variation of the relative cross sections
for the system CH}—CH,D
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i o . " Table 1
The isotope efiects in the systems CH} —CD,H,_,

. ]

Kinetic energy TOE) — CH} — CH,D, . CH} — CH,D '
(e¥), TH) «  'Ty(D) m(D/H) TyH) TIyD) w(D/H)
8 0,89 0,88 0,98 | 0,90 . 1,05 1,18 0,91
10 . 0,83 0,93 0,88 0,78 < 1,06 1,16 0,91
15 - 0,81 1,02 . 0,75 0,59, 1,02 1,12 0,89
20 0,81 ‘1,06 0,76 0,58 1,12 0,95 0,69
30 0,80 v 1,16 0,78 0,54 1,19 0,93 0,63 .
40 082 1,22 - 0,77 0,52 1,16 0,82 0,58
50 0,78 - 1,26 075 =~ 047 1,20 - 0,73 0,47
68 0,77 1,26 0,74 0,45 1,20 0,62 0,39
85 . 0,76 1,25 0,73 T 0,44 1,24 0,59 0,36
125 - 0,79 1,27 0,67 . 0,42 1,29 0,55 0,34
160 ' 0,77 1,33 0,66 0,38 1,28 0,58 0,35

2 The systems wmplying CHf and N+ as przmary soms In these cases [28,
291, the RE of the primary 1ons are a quite narrow band Probably for this rea-
son the influence of the kinetic energy of the primary ions on the secondary spec-
tra is more ev1dent The relative 'cross sections for CH+ CH,D, are given in
flg 2 .

The variation of the 1sotope’ effects versus the kmetlc energy of the primary

. ions could also indicate a conversion of kinetic into internal energy, Table 1I.

At kinetic energiés under 20 ¢V 1t could be observed an important variation of
the 1sotope effects, probably the explanation being the same as for the systems
CHf—-CDH,_, . y
' 3 The role played by the excitation of the prunary tons in the charge tmnsfer
reactions [30]. As it knows the variation of the energy of the tonizing electrons
gives a variation i 'the proportion of the excited states of the primary ions.

. It was observed an important influence of the 1onizi_ng-electrons in the pri-
mary mass spectrometer, on the relative cross sections for CXg 1ons Thi$ could

be explamed by the decreasing of the energy defect caused by the excitation ener—
gy of the pr1mary ions i 5 '

' . . N

-

I 0 20 4 60 8 100 120 %0 ©6  EJlevl

F1g 2 The relative cross sections for the system
. . ) ©  CON{f—CH,;D, .



Ve

92 ' ’ ' p'~ARDELEAN
) ’ ‘Table I1
t - ' Ny f .
o B i X ; THe 1sotope efieels 1s”the Systems CHF — CD‘,IIJ_/,
- - & \
Kinetic energy-- r',‘(‘D-/H‘) - ‘CHj — CH,D, - © CH} —cHpD
7 3
CoEen o T Ta(H) Ly(D).  mD[HE) D) Ty(D)  my(D/H)
l 8 0,92 0,93’ 0,72 .07l 0,84 0,68 0,74
10 - 0,98 0,94 070 0,73 0.87 0,67 0.75
.- T 1,08 . 0,97 0.66 0.73 0,94 0.65 0,74
20 - 1,11 1,02 0,64 0,70 * 0,97 -06l 0,70
30 © 112 1.07 060 ,° 061 1,03 0,4 - 0,52
40 1,13 1,05 0,58 0,61 1,09 0,45 047
. 50 1,11 1,13 0,60 0,59 " 1,08 0,45 0.46.
‘ 68 ! _ 1,09 1,25 0,57 © 0,50 1,14 0,43 0,41
' 85 !, 1,05 r 1,26 - 058 0,48 116  *043 0,39
) 125 1,01 1,26 © ., 0,57 046 1,15 | 0,45 0,38
160 .'1,03 1,30 -, 053 L 0,42 1,20 . 0,42° 036

[} ~

v
4 -

v ' “"’ i ) . t l

At energies of .the ionizing electrons greater than ~35 ¢V, thé primary
1ons have enough internal energy and the reaction becomes termoneutral or exo-
termic, and m this casethe dependence by the-electrons energy is vanished The
relative cross section of CH{ obtained for the system CHF —CH, is given m fig 3

~ It was, also observed an 1mportant dependence of the 1sotope effects on the
electrons -energy. . . L -

- oA - |
It seems that an 1ncrease of the internal energy of the prrmary 1018 1S compe-.
titive with an mcrease of the primary 1ons kinetic energy, Table III

4 The momentum transfer [31] The knowledge of the momentum transfer
which take place in the.charge transfer reactions could give informations concer-
nmg the' reaction mecanism.. “ s ‘

The quasiresonant, and resonant reactions. Ae ~,0 take place by ‘long range
interactions” and the momentum transfer is.small In the general case, reactions
are unsymrnetrrcal These reactions take place, generaly, by “short range mterac-
tions”, and a momentum transfer could by implied For to observe the momentum

N ) - '

| v - r v
N . g 0 200 30 40 30 B Egylev)

F1g' 3 The elrmmatron of H atoms by
. T . dissociative charge transfer - -
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- ’ Table 111

The Intramolecular isotope effect (w,(DfH) factor) versns the fonising electrons eneru;

S

Ty 7 B
. Ionizing electron : Primary 1on kinetic energy (eV) Electronic mpact
energy (¢V) 8 10 - 20 30 50 100

18 1,09 . 0,97 .0,72 0,64 ' 0,59 0,57 0,47

25 1,05 0,80 0,65 . 0,60 0,54 0,50 0,45 '
35 0,93 0,80, . 061 . 0,55 0,49 0,42 0,42

40 0,90 0,78 0,58 -0,53 0,47 - 0,41 : 0,40 "
60 0,87 0,75 0,56 0,53 0,46 0,40 0,36

70 0,82 0,75 0,57 0,52 0.45" 0,39 0,35

. s 0,37*

* See ref [20] B
transfer the secondary currents were measured vérsus the repeller tension of the
collision " chamber . ,

It was observed an umportant variation of the relative cross sections. The
results shows that CXj 1ons appear by a mechanism which mmplies 1n a higher
degree a short range interaction than the appearance of CX{, or, more probably,
the kinetic energy 1s converted imnto internal energy more eff1c1ent1y n the appea-
rance of CXj than for CXf .

From the study of the isotope effects 1t results that for the 1ons containing
more D atoms, which appear by H atoms elimination, the kinetic energy of pri-
mary 1ons 1s converted in a smaller degree in internal energy than for the secon-
dary 1ons contaming more H'atoms which appear by D atoms elimination

For to improve experimental method in these studies, 1t was constructed
a variable angle tandem mass spectrometer The measurements made with this
apparatus will allow to obtam more complete data concerning the 1on molecule
reactions ‘ .

. “'The variable augle tandem’ niass spectrometer consists of a 180° primary
mass spectrometer with a4 mhomogeneous ‘magnetic field;’a retarding system, a
colliston chamber with a colimation 'and "focalisation system for the secondary
ioms, an energy analyser, an secondary mass analyser, and a channeltron multi-
plier Thé $ystem, of the. seoondar§ analysing and, detection can rotate around’
the colliston chamber axis, and this makes possible the measurement of the jan-
gular distribution of “the secopdary’-ions

There are 1n progress the measurements concernmg the CH+ CH, 'system,
and the ntention 1s to obtaln more exact data concernmg the react1on mecha—
nism. ‘ . : .

] ?
’ ! v N ' > v \
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¥ T'wyman, Prism and Lens Makiny,
Adam Hilger, Bristol and New-York, 1989

If the' Holy Bible 1s The Book for all Cris-
stians, I think that Twyman’s book 1s 1 1ts way
f a«blble a reference work, never out of fashion
i'l‘wo edxtlons in total 7 printings, have been
“1ssued so far — the first edition m 1942 and the
last printing i 1989 This shows m the most
evident way the continuous actuahty of this
extraordinary book
For those who haven’t had yet the privi-
edge to have in their hands Twyman’s book,
it 1s of interest to know that Twyman was not
only a well-known specialist i the field of op-
tical components making, but he was also the
most generous and unbelivebly sincere author,
offering to the reader all his treasures, 1e tech-
nological secrets All basic knowledges on ma-
terials for optical components, on grinding ma-
terials, on:mnecessary machinery and procedures
m making prisms and ledses, testing apparatuses
and, thewr use are there, guiding the reader
m the difficult, but profitable and wonderful
»world of optical components’ manufacturers

' PETRU STETIU

- ’

RECENZII

N
P T Moseley and B C Tofield,
Solide*State /Gas Sensors, Adam Hilger, Bristol
and Philadephia, 1987

)

A modern chemical mdustry, more general-
ly a- modern industry 1s unthinkable 6 today
without appropriate sensors, able to give neces-
sary informadtion of concentration of 'different
types of gases

The monography edited by Adam Hxlger
Publishing Company 1s derived from a sympo-
stum, held 1in Oxford in 1985, on gas sensors and
contams, the up-to-that-year results i this field
The book contams ten chapters, each of them
being a concentrated overview presented by

+ UK wellknown specialists 1n this field

Almost half of this book deals with semi-
conductor gas sensors (SGS), based on SnO,,
as probably one of the technologically most pro-
missing material But reported results can be
used as a guide line 1n searching and characte-
rising other interesting'matenals

In spite the fact that the book 1s publxshed
in 1987 1t 1s surely of great interest for those
who wotk 1n the noble freld of science and SGS~
'making industry At {ihe same tmme 1t gives
to users a general view of Iimits and possibilities
of industrialmade SG/S and other gas-sensors:

PETRU STETIU

’
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Tn cel de al XXXV-lea an (1990) Studia Universitatis Babes-Bolyai apare in urmdtoarele
serii :

matematica (trimestrial)

fizica (semestrial)

chimie (semestrial)

geologie (semestrial)

geografie (semestrial)

biologie (semestrial)’

filosofie (semestrial)
sociologie-politologie (semestrial)
psihologie-pedagogie (semestrial)
stiinte economice (semestrial)
stiinte juridice (semestrial)
istorie (semestrial)

filologie (trimestrial)

In the XXXV-th year of its publication (1990) Studia Universitatis Babes-Bolyai is issued
the following series :

mathematics (quarterly)

physics (semesterily)

chemistry (semesterily)

geology (semesterily)

geography (semesterily)

biology (semesterily)

philosophy (semesterily)
sociology-politology (semesterily)
psychology-pedagogy (semesterily)
economic sciences (semesterily)
juridical sciences (semesterily)
history (semesterily)

philology (quarterly)

Dans sa XXXV-e année (1990) Studia Universitatis Babes-Bolyai parait dans les series sui
es:

mathématiques (trimestriellement)
physique (semestriellement)

chimie (semestriellement)

geologie (semestriellement)

géographie (semestriellement)

biologie (semestriellement)

philosophie (semestriellement)
sociologie-politologie (semestriellement)
psychologie-pedagogie (semestriellement)
sciences economiques (semestriellement)
sciences juridiques (semestriellement)
histoire (semestriellement)

philologie (trimestriellement)
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