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STUDIA UNIV BABES—BOLYAI, PHYSICA, XXXI, 2, 1986

MICROSCOPIC THEORY OF THE LOWER CRITICAI, FIELD OF
SUPERCONDUCTING AILLOYS

M. CRISAN* and T. VERES*

Recesved  Febvruary 2, 1986

ABSTRACT. — The BCS model for a superconductor has been used for lower
cratical field H,, of superconducting alloys The method can be generalized for
antiferromagnetic and the spin-glass superconductors

Introduction. The lower critical field H. 1s one of the most important
parameters for type—II superconductors, but until now 1ts temperature depen-
dence has been calculated using the phenomenological theory given by Abri-
kosov [1]

The purpose of this paper 1s to give a gemeral method for calculating
the criticla field H for superconducting alloys using the microscopic model
in the version of the Gor’kov equations The superconducting alloy 1s considered
as a type—II superconductor in the mixed state,contammg a finite number
of vortices The flux and the currents associated with an isolated vortex line
are extended over a distance A (A — the London penetration depth) The re-
gion over which the order parameter A(r) varies from zero to its full value
A is called core of the vortex Caroli ef al [2] have shown that the core of the
vortex line contains low-lying energy levels for single electrons, rather like in
a normal metal. Futher on, this justifies treatment of the core as a normal re-
gion. The existence of these quasi-normal excitations in the core has been con-
f1rmed by many experimental results

" Recently, the theory on mixed state magnetic superconductors hds been
reconsidered by Tachiki ef 4l. [3] and Matsumoto et al [4], using a semi-
phenomenological theory The most important resuit obtained in {3—4] is the
possibility of a new transition near Tp (Tm 1s the critical magnetic temperature)
from a type—II superconductor to a type—I The calculation of the lower
critical field Hy in this case has been performed by usual thermodynamics.

In Section II we will show how the thermodynamic potential can be cal-
culated using the Gor'kov equations, which will be solved in Section IIT in
an-approximation imposed by the calculation of H,. In Section IV we show'
this general method can be applied for antﬁerromagnetlc superconductors and
for spin-glass superconductors. =~ "

The general Method for Calculation of the Lower Critvcal Field The tempera-
ture dependence of I has been measured for superconducting materials, but
it has been calculated through phenomenological theory.

* University of Clu-Napoca, Department of Physics, 3400 Cluj-Napoca, Romanta
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4 M CRISAN, T VERES

The aim of this paper is to show that H, can be calculated using the
microscopic model and the method of Gor’kov equations We will proceed
with the simple thermodynamical consideration concerning the mixed state.

If we denote by E, the energy of one vortex, the mixed state becomes
unstable at

47
Hcl = a,El (1)

where @, == hc[2¢ is the flux quantum, and E,; is the energy of one vortex
which 1s well approximated by a normal cylinder of radius (coherence length)
within which order parameter A(#) vanishes, and beyond which it has its full
value denoted by A The region where A(r) varies from zero to 1ts full value
is called the core of the vortex and the energy of the vortex 1s in fact

El =E, + Ec
where
(DZ
Ec = 327::7\}‘

and E, will be calculated from the microscopic model.
This energy can be defined as

E, — Fy(A) — F,(A) =§da7§ﬂ7)f—/3d (?) @)

where g is the coupling constant from the self-consistent equation for the gap,

and is given by

1
g (27:

& 3
Pco2+59(17 nye @)

. 1
with o = ﬂT(n -+ —2—)
From Equation (3) we get
1) = aa . — TP A2 L
4 } AW A8) =22 A nTZ_\,Ea (4)
where
E? = w? 4 A2 (5)

From Fgquation (2) we obtain the vortex energy E, as

A -]
E, = 27rS dA S rdr H)A*—A A(A) (6)

0 ]



THE LOWER CRITICAL FIELD OF SUPERCONDUCTING ALLOYS 5

and if we use

— —

Af) = A+ AP + ...

A%F) — A = 2A(A(F) — A) (7)
Equation (6) becomes

E, = 4nS dAS rdrA,(r) A (D) 8)

—

where correction A;(r) in the order parameter i1s due to the presence of the
magnetic field Usmng this approximation we will take the important comtri-
bution between A /k and ) (X is the London penetration depth, k(T) Gin-z
burg—ILandau parameter) neglecting the contribution from 2, to co 1ncluding
m E, the contribution of the normal part.

In the next paragraph we will calculate E, from the Gor’kov equations
The Gor'kov Eguations The superconductor m an electromagnetic field
described by a potential vector A(r) can be studied using the equations

) (9)

where

0 = (10)

Ch 7 ok —FG 7 N (1)
Ft+(r, v; @) G(r, r; —w)
with
G*{r, ¥, @) =G, 7, —w)
F(r, 7, 0) =F(r, 7, —o)



6 M CRISAN, T VERES

can be obtamned from a self-consistent equation written under the trom of
(3) The solution of Equation (9) can be obtained by a general method given
by Jacobs [5] as a series

~

O (75) G (757, ) (12)

-~ —

G(n)(;z ;", ) = — S ds?l Go (r, 73, ®)

Ms

0

"t

where 60 1s the Green function for 4 = 0

Using this general result we have

Gir, v, w) =G 71, «) + = 5 BryG(r, 7, @)(21'(73) af )6(73, v w) —

A

—V%@a&wmmmmw») (13)

where A (r) has been defined m (7)
This equation contains ounly the linear terms in A(;), but 1n order to calculate
the correction A(r) we have to consider the second order correction in which
it will be proportional to A2%(») The linear terms 1n A(?) do not appear 1n
A,(?) because div A{r) =0

The Fourter transform of (13) contains the first order corrections given
by the diagrams

=)

o
of
-
of

where

and Ay(g) = Alg) — A

The second order correction in the Green function will be given by the diagram

¢ -
Eq.‘ ng —)&
OB R ) L Seer - —>— 2T (a g ) e —>o =

A P+ Q p+Q+q, n p-q

Fig 2
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If we wiite now A7) as

— -

M) = ¢Tr 2 (Gl 7, 0) = Golr, 7, )] (14)

and consider the second order correction m A2 to G we get for the Fourier
transform

67— T 5 {22 (G5, o) G(F, o) — PG, P + 7 )] A

(=) TZS LT (e GAG) (GAG) FFE

+GGG_GFG+] 3g + g, + ) (1)
The 1integral over dg; = mp ded(cos 0)dp can be performed and using relation
—1 b 1, 2p
£ o A(0)
we get for (15)
dq, dq, > —
L@ ag) = (§ 22 Lo(g, 90 @) 4(@)3(G + 4, + 02 (16)
where
1 w? vq
=), — |1l —2"—arctang — 1
L(g) ; > [1 2 oy arctang 2E] (17)

with EF% = w2 - A2
For ¢ 4+ ¢, + g, =0, L, has been calculated as

LQ(Q)=-§— cvlTE 54“1_“){[ 1

(2E — vqu)(2:E + vg,p)

(18)

1 A 1
) }\
(2E — vgu) (2iE + vgap) ] ( E] B (2E + vug) (o — vugy)

In the following we will consider penetration depth 3; as being higher than
coherence lenght £, (Liondon superconductors) and we will approximate
Ly(g, g5, 95) =~ Ly(g) Equation (17) becomes

= TE = (19)

q—b

and (18) will be

Lyg) = — = ev2T2— (20)

g—0 . L3
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Using these approximations Equation (16) will be written as
LO)Af) = —14(0)4%() @1

which gives

M) = — 0[5

1 1 1t
3A an”; E] (22)
and
By A(a) = ZEe A LR S o (23)
27w 3 . nE?

where
1 1 1
1= 1 e == = (A IV(0) (1 — cos )

Equation (23) has been obtained using transform A - A o - nA and taking
1

R
With these approximations (23) becomes
ro d A(T)
’ = t h —_—
Aulr)A(A) 32622 dA(T) A(T) tan ( 2T )

where ¢ = #ne?t, [m is the conductivity and A(r) has been approximated as
1
40) = 55 Kalrfo)

Energy E, given by (8) will be

3o A(T)
=2 h—=2]1
E, =3 (A(T) tanh S J n k(7T) (24)
and
__ wlo A(T) @Y
B =12 (A(T) tanh =) )111 MI) + ses (25)
The lower critical field H, can be calculated from (1) as
_ 4x [ A(T) o2
Ha(T) === [4,32 (A(T)tanh — ) In A(T) + gyt >~i] (26)

which is the general equation for type—II superconductors.

Lower Critical Ficld for an Anbiferromagnetic Superconductor. In order to
apply these results to a antiferromagnetic superconductor we will write Equa-
tion (23) as

B A) = 22 Ag, L2200 55 2 27)

and E? = o® 4+ A%(r) 4 M3*(T) where M(T) is the sublattice magnetization [6].
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Equation (27) becomes

P Ag, MA(T)H S L (28)

A AD) ~ (Ny(r)4(8)) + -/ T

where we denoted AZ = A2 4 M2
A last summation can be performed and we get

AP A(R) = A, (»)A(A) — ’”f: Az, (ev A(7))2M2(T) +

6
4 A0 4 .(A@ tanhﬂ)
A(T) dA(T) | A(T) 2T

and the lower critical field Hy(7T) becomes

e o A(O) 2 A(T)
o g 4 [ (A0 gy § A 29
' ‘+[eﬂ<bo(A<T) (T)) tan 2T] (29)

where H,, is given by (26)
The generalization for the spin-glass superconductor can be performed, if =,

1s considered for a random spin distribution in a superconductor and =, ' will
be averaged using the method given by Crisan et al [7]
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DIMENSIONS OF THE GENERALIZED BAKER'S TRANSFORMATION

STELIANA CODREANU* and CONSTANTIN CODREANU**

Received February 12, 1986

ABSTRACT. — An efficient method for computing the dimensions of the att-
ractor associated with Baker’s transformation 15 presented

In this paper we report a rapid method for computing capacity dimension
d,, and mformation dumension d, [1] of the attractor associated with generali-
zed Baker’s transformation

The generalized Baker’s transformation 1s detined by the map

ax, if y,<c¢
Xy —
) bm i e
1 (1)
— Y. if /s c
c I <
Va1 =

T f’n y
i S

where 0 < %, € 1 and O <y, < 1
Figures 1 (a) and (b) 1llustrate the action of this map on the umt square,

with a, b, ¢ < % and b > ¢ Tigure 1 (c) shows the result of applymg the

map two times to the umt square We can see from Figure 1(c) that if the
x — nterval [0, a] 1s magmbied by a factor 1/a, or if the x — interval
[1/2, 1/2, 4b] 1s magnified by 1/b, one onbtains a replica of Fig 1(b) Xach
part ot the obtained map is equivalent to the original map This self similatity
property of the map may be used to obtain d, and d,

By examining the construction of Figure 1(b) and (c), one observes that
we are in the process of constructing a Cantor set along x Hence the attractor
15 a product of a Cantor set along x and the interval [0, 1] along y Thus
the capacity dimension and the information dimension are in the form

do=144d,, d,=1+4d, (2)

where d, and d, are the dimensions of the attractor in the x — direction.

* Unwversity of Clug-Napoca, Departinent of Physics, 3400 Cluz-Napoca, Romania
** Polyt Inst of Clus-Napoca, 3400 Cluy-Napoca, Romania



GENERALIZED BAKER S TRANSFORMATION

To obtain 4, and d, for this Cantor set one uses the
relations indicated by Shau— Jin Chang and J Mc Cown
{23, for Feigenbaum attractors

d

’_2‘ qf: 1 (3)

and
i "
an —
— 1=1p P‘ 4
=T (4)
Ep,ln—
=1 qs
where ¢,(2 =1, , #) are the lengths of submtervals

of the x — wterval [0, 1] on Figure 1(b), and p, is the
probability of the attractor to be 1n the subinterval g,
Thus from (3) one finds
% 4 b% =1

which 1s the equation for d,, and from (4) one finds

1 1
cdn— 4+ (1 —¢c)in
c 1 —¢
d‘ = e
1 1
cln— 4 (1 —¢)in—
a b

Hc)

1 1
cln —+ (1 —¢)ln—
a b

where H(c) 1s the binary entropy function

These results comcitde with those obtained by J D
Farmer et al [1] by the box counting method

It 1s interesting to remark that relations (3) end (4)
can be used to calculated the capacity and the informa-
tion dimension of an asymmetric Cantor set [3] Let the
Cantor set be made by deleting the third fourth of the
interval [0, 1], then deleting the third fourth of each
remaining plece, and so on (see Fig 2)

This Cantor set 1s self-similar, 1e each of its subi-
ntervals 1s identical to its original interval up to a sca-
ling

By using (3), the capacity 1s found from equation

(=

dc _ In 1618 _ 0,694

n2

This gives

11

Ti1g. 1 The general-
zed Baker’s transforma-
tion The action of the
map on unit square (one
1iteration) 1s shown from
(a) to (b) The result of
applying the map two
times to the unit square
(second 1iteration) 1s
shown 1n (c)

0 1
— —

1
0 2 % 1
0
P — —_— —_—
Fig 2 The geomet-

rical construction of an
asymetric Cantor set.
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To calculate d, by the box counting method if one uses the considerations
made by J.D. Farmer et al. [1], one finds the same result and not log 3/log 4 =
= 0,792 as is indicated in the paper [4]

For d,, by using (4), one obtains

2 1
Eln;+§l1z3 3H(;)

d, = =32 — 0,688
2 4 n2

which coincides with J.D. Farmer’s result [4].
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ELECTRONIC SEMICONDUCTOR REZISTANCE MEASURER BASED ON
IMPULSE EXCITATION

F. PUSKAS?*, S. SELINGER** and F. F. PUSKAS***

Reecerved  October 13, 71986

ABSTRACT. — An electronic mstrument 1s presented, that uses impuls excitation
for semiconductor rezistance measuring The method eliminates the errors caused by
thermo-, photo-electrical, contact and polatization phenomena, which sometunes may
occur between electrodes and semiconductor sample.

The instrument presented below, using double polar impulses, avoids
rezistance measureing error possibilities due to thermo-, photo-electrical, contact
and polarization phenomena.

It is a perfected model of the electro-mechanical appliance described in
[1—4], by using solid state devices instead of electro-mechanical components.

Operating primciple. To the measuring circuit (Fig. 1) we apply the 1m-
pulses given by a square-wave oscillator. It’s waveform is shown in (Fig. 2).
The R standard adjustable rezistance 1s crossed by the same current as the P
semiconductor sample. The C; and C, capacitors are alternatively charged
through ‘K; and K, electronic switches to Uy and Up charging voltages.

A

e
r

Fig 1 Measuring crcwit.

R

2™
kz; Fig. 2 Waveform given by tlle im-
d o pulse generator

The polarity of Ug and U, is not changing, because while the K; and
K, switches are swiching in and off the polarity of the alternating current
mains is changing simultaneously. It’s easy to understand that if C, is short-
circuited and Up == U, then the G galvanometer is crossed by a current.

* Unwersity of Clus-Napoca, 3400 Clwy-Napoca, Romansa
** ITC—Clus-Napoca, 3400 Clug-Napoca, Romania
*o% JAUC — Cly-Napoca, 3400 Cluj-Napoca, Romanta



14 F PUSKAS, S SELINGER, F F PUSKAS

WAVE GENERATOR

e egE__}k

OHMA
] toGIc
c7== Q
s, |(— 8,

$,,8, 93, 4845 BILATERAL ANALOG SwWITCES

B
ks

F1g 3 The block diagram of the electromic circuit

The Uy = U, condition can
be reached by modifying R, 1n
this case the G galvanometer will
indicate no current, because the
C, and C, capacitors are connected
to the same voltage, thereby the
galvanometer will indicate no charg-
g or discharging current Na-
turally, the condition of this state
of balance equilibrium 1s R = P.
It 1s proved [4] that this condi-
tion 1s unchanged even 1if C, is
not short-circuited and the probe
head introduces contact electricity.

The block diagram of the
electrontc 1nstrument 1s shown 1n
(Fig 3)

The rectangular 1mpulses were
generated by the help of an 1n-
tegrated oscillator 555NE, combin-

ed with a schematic of transistors, and an IC—CD4016 was used as switch.
The sensibility of the bridge grew by incresing the frequency of the

rectangular 1mpulses

By changing the frequency from 1 kHz to 10 kHz 1t

was found out a certamn increase of the measuring field from 100 kQ to MQ.
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STATISTICAL EQUILIBRIUM OF METASTABLE STATES

M. CRISAN*

Received  October 20, 1986

ABSTRACT — A procedure 1s outlined for the gemeral condition of the statistical
equilibrium of the systems described by the Ifokker-Plank equation The method pro-
vides a definite prescription for the study of the equulibnumn for the metastable states
near the saddle pomt

1 Introduction. The classical theory for a metastable state has been given
in 1935 by Becker and Doring [1] for the system comsisting fo supersa-
turated vapor This theory has been generalized by ILandauer and Swanson
[2] and generalized for superfludity by Langer and Fisher {3] and supercon-
ductivity by Langer and Ambegaokar [4] In the last two quantum phenomena
the states of nonzero superflow are metastable and, as the supersaturated vapor,
may undergo spontancous tramsitions to states of lower current and greater
stability

The statistical theory of metastable states has been generalized by Langer
[5] for the systems which have and own dynamics described by

dxy(t) =2A oE (1)

dt 7 " 0%,

where z,(t) are the relevant variables (average magnetization the superconduc-
ting order parameter, density) and A,, is an antisymmetric matrix.

The distribution function P(x, ), where x = (%,(!) ... #,(f)) can be. obtained
from the Fokker —Planck equation
8P, _ _ §~ol
ot E 03 (2)

where J, is the i’th component of the probability-current density and is expres-
sed as

],=_2M,[€Ep+kr5_f’] (3)
7 ox, Oxs
where
r,
Mi,] = "I?IT ) Ai,] (4)

The equilibrium solution of (2) having the from
Po(x) ~ exp [—E(x)[kT] (5)

* Untverstty of Clug-Napoca, Deportment o}' Physics, 3400 Cluz-Napoca, Romana



16 M CRISAN

(corresponding to J, = 0 for all i) describes the stable states. The stable and
metastable states occur near the position of the local minima of E{x) and the
important tranzition is between such two minima. This transition between two
minima 1s most likely to pass across the lowest saddle point of the function
E(x). Generally this saddle point, denoted by £ will describe a configuration
which 1s 1dentical with every state where the initial metastable state except for
the presence of a single localized fluctuation In the case of the supersaturated
vapor this 1s a droplet or a vortex ring for a superfluid. Once x reaches #
a greater stability has been attended and x describes the fluctuations which
nucleates the phase transition.

“The problem which appears now 1s to demonstrate the existence of another
solution for (2) which 1s different from (5) and describes the finite probability
current flowing across the saddle point z.

2. Necessary condition — the equilibrium. We will look for a condition of the
statistical equilibrium in the imediate neighbourhood of the sadle point =.
Langer [5] pointed out that a Fokker—Planck equation near the saddle point
can be obtained if we perform the transform

= Z; D, (x, —Z,) (6)

where D 1s an ortogonal transform which has been chosen so that near x =0
the energy E(x) can be expended as

E(x) = E+L E A @)

n=-1

where E = E(x) and 2, are eigenvalues of the matrix 32E[dx,0x, evaluated
at x. These eigenvalues are sensitive to the symmetry of the system but near
the saddle point x these is always a nonzero eigenvalue which is negative. In
fact the saddle point is a bounded, finite-dimensional subspace of x—space
In the new coordinate system the current (3) becomes

Y O0E apP
= DT = = e (g RO ®
where
M”'”’ = E D”:“M'.]Dn,'J = . ‘f‘n,n' - ‘Zn,ﬂ,’ (9)
Y] kT
The steady-state solutions of (2) can be obtained from the equation
oo 7 apP
DEi i Ol | 1y P BT ZE ] (10)

equation which will be written as

”m aP —
Z:?qa (K, P) +ME=1M,,, R g =0 (11)
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where
= 5w g @2
A solution of the equation (2) satisfies
0 <Py t)<ow (13.a)
Sd”'yP(y, f) =1 (13.b)

The last equation shows that P(y, f) 1s normalizable in &,, 1.e. P hasto be a
function in L. (&,) The equation (10) will be written as

w

0
_ "y — I<" P = Mnn " 14
;Sd Y o | () P] “211 ijd ypay”ay (14)
which can be transformed in
oP oP =
" 2 k m v 1
Sd ySP2(y 2 T, Sd o (15)
where
’l‘ 0Ky
S =5(y) =y, =1 (16)

n=1 Oyn

The left side of the equation (14) is bounded from above by applying the
Holder inequality

—{ ams()P) < {amyisip) < (a1 E)=({ompe=f= o7
Q Q Q

where Q is a subspace defined as: Q = {y C &,,} such that S < 0. From (12)
and (16) we see that this 1s an agreement with the existence of a subspace
so that any eigenvalues A, are negative. The right side of the equation (14)
is bounded from below by applying the Sobolev inequality

m 2m \m—2
E S dmz (_?Lf_ }2 > ¢, (S dmz [flm—Z) m (18)
1=1 0z,
where
—24 2 14 1 m 4 11— 2
Cp = 2 o m(m? — m) [I‘ (——2 )] " (19)

k
Taking f = P(y) and sz, = » (M"*),4v; one obtains

(m—2){m

E kTM”" Sdmy 0P gP > ¢ ”M (S dmyP(y)Zml(m—-Z)’

20
oyn Wy n ( )

ny’ =1

where M = (det M, )1,

92 — Physica 2{1986
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Strict inequality is indicated in (19) because P is defined as function in
1 (&,). From (14), (17) and (19) we get the equilibrium condition as

il TR
(fams 15> 77 ot 21
Q

From (19) we get
Cow>4-2699 (m—2)1f m >3

and

hm &7 = 4 . 2699
m—ro0 0
Discussions, The condition (21) assures the existence of the solution

for the Fokker—Planck equation near the saddle-point associated with a meta-
stable state. This inequality 1s satisfied if S << 0 and sufficiently large in absolute
magnitude for QCA&,, On the other hand in the expansion (7) we need a ne-
gative eigenvalue to be sure that S << 0, and we have a solution if (2) is in
the immediate neighbourhcod of the saddie-point %
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EFFECT OF CONCENTRATION FLUCTUATIONS ON THE CRITICAL
TEMPERATURE OF SUPERCONDUCTING PAIRING IN BINARY ALLOYS

I. GROSU* and M. CRISAN*

Recewved  Oclober 21, 7986

ABSTRACT. — The influence of the phonons and electron-hole excitation has been
studied in the supercondunctivity given by a nonphononic interaction Particulary,
this mechanism 1s given by the concentration waves which may appear in the binary
ordered alloys

Introduetion. We consider a periodical-spatially ordered alloys A4,B,_,
where the concentration of the atoms A4 1s c(?) and of the atom B 1s1 — c(7)
This system can be described by fermionic operators o, (7') and o (7') which
deccnbes the creatlon and destruction of an atom of kind 4 in the point

7'1n the sublattice ,,s”’. The Hamiltonan which describes the concentration tluc-
tuation has the form

=§;W7 (r — 7)5e(r)3clr) (1)
where
Selr) = el = e+ () + lr)) @)
and

If we mtroduce now the operators

br) = of (aal) 84F) = of 7)ou() (3)

the Hamiltoman (1) can be transformed as

1 —
H, = 2}51—cwwp@%+w3%+w3%—ﬂwm (4)
where W (k) is the Fourier transform of W(;: — 77), ¢ is the concentration of

the atoms in the sublattice 4 and p is the chemical potential This hamilto-
nian has been diagonalized [4] using a umitar transform and

H, =3 k) ey (3)

* Usnaversity of Clug-Napoca, Department of Physics, 3400 Cluj-Napoca, Romania
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where the operators 03,:~ and ¢, describes the bozonic excitations due to con-
centration fluctuations and o)c(fe') is the energy of these excitations given as

-

) = [u2 — pe(l — )W (k) g]“z (6)

If one defines the number of ’bosons’” due to the fluctuations N, = b,j;bk—s»
the energy (6) has been expanded as

or if we introduce

where
Y 2 lWR) | A = ol — o)W (k) — v

The interaction between this excitations and electrons can be described by the
Hamiltonian

H._, =gd¥; [Valr — R) — Valr — R)]o™ (r) 0 ()3¢(r) (8)
which becomes
Ho—c: S d;:_.E_’g(é’) [alj—+qakbq + a;—ak+qb;-] (9)
kq

where

8g) = el = )(Valg) — Vs(g))

The Hamiltonian (9) contains terms with 3 = E which will give a state simi-

lar with “superfluidity’” and terms with (7 7~ l;; which may give nse to an effec-
tive interaction

Hy = ST
! ?.1'%4: (et + g) —=(R))* — o (q)

I+
=it

= a

+q a

_Fayay (10)

™~

— -— —

which becomes attractive if e(k + ¢q) — 5(75) < —o,(g).
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In order to describe the superconducting state we have to define the Green
function for the quasiparticles associated with the concentration fluctuations.
If we define the operator

—

) =208 — RV /=2 (R, o) + o(R, 11
9 =26f — B)/T72 GHE 4+ 5(F 1) (11)

the Green function

&

Dirt; 7't) = (T O(r, HO{F#)>
with the Fourter transform

2p (o) — @ (g)

will describe the free quasiparticle associated with the concentration varation.

Eliashberg Equation. We consider the electron-phonon, the Coulombian
interaction and the interaction between electrons and quasiparticles associated
with the concentration variation. Following the standard procedure [2] we get

Z(w)A(w) = Sdz’ (', 0) + K7, 0) — En(?, 0)] Re{%&} (13)

1 — Z(w)lAlw) = — f a7 [Kpu(2, o) + K7, ) — Ku(7, )] Rg{%}(m

— 00

where the general form of the kernel K (z, o) is

Py tanh z — cotgh £ tanh — + (:otgh—z
E,(, o) = Sdza?(z)Ff (z) L] __27 2T _ 2T 2 s
h 2 o-+z—2 418 ©w—2z+ 2 448

where ‘4’ denotes the phononic contribution, the contribution of the concen-
tration and the contribution of the magnetic fluctuations studied by Berk and
Schrieffer [3)].

In order to calculate the critical temperature we consider the weak — coupling
limit and (15) can be approximated as

K,(«, 0) =2 §°dz

0

E(D)F,(5) 1
2

tanh Z =% tanh £ (16)
2T 2 2T

The parameters Ay, A, have been given for conventional theory of the strong-
coupling superconductors and

(17)
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where

ere) = (2 [ 2 10 lef, 7)1 —od) ((2)7 09

flo) =4=1

2p

The equations (13—14) have been solved in the weak coupling approximation
using the ansatz
Ay o] < op
Alw) ={ A, o] < o, (19)
A, ay < o <o,
and the crtical temperature becomes
T, = 1.134 ex [— —1_] 20
P A+ X — (20)

The parameter A, has been calculated a T = 0 in the t-matrix [3] approxi-
mation as

= aU,N 1 21

hn = aUN(O)ln i e

where a =2 if UN@O) 1 and a=1 if UN(0) € 1.

These results are similar with the recent results obtained in [4] but for A, =
=0 and A, = y,: .

The effect of the coneentration fluetuations on the eritical temperature.

The equations (13—14) will be written on the imaginary-frequency axis and
(13—14) becomes

Oiwn) = =T, 3 209 [ 0(00, — wp) + e + Megmral (22)
m=0 ©m
Ztion) = 14722 30 +2 35 2 (23)
® m=1
where
A= = K,(0, 0) 24)

)‘t=)‘ﬁk+)‘c 7:=E[m;00)
and we introduced A(io,) = ®(lo )/Z(10,) where A, is expressed by

QA0 o, (Q)F ,,(Q) © ‘§ dQe? (Q)F.(Q)
- 4

A =2 Ot (T TN
+(m) S @ + @rm T Qr 4 @Em oy
0 0
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If we consider the phonons and concentration contributions having the same
order of magnitude and introduce the parameter

x =

dQa2(Q)F(Q 26
<znm=3 2(Q)F(Q) (26)
0 .

this is a small parameter for 2x7, > Q.

The solution of (22—23) becomes

o — s A(wm _ 2
A(zm”) m2=0 2m 4+ 1 [ e( mm) + x(f(C) + 1)31;,,;.[] l( 7)
where
13 1 "
i = — ﬂ m 2
o (1 — m)? (n+m + 1)2 2: Py ( 8)

and let us consider
A(o,) = A@wg) (1 4 3,), 18,] €1 (29)

The critical temperature will be calculate taking &, = 3, and we get after
some algebra

Te _ exp [ 4 057x(f(6) + 1)
Ty 1 — 15452(f(c) + 1)

(30)

where T} 1s the critical temperature defined by

0

mc 1
L= nf0) 3 1
m=0 s —_
+ 2
and we used
7’16 1 ﬂlg 1 TO
1~ T xinz
=20 g3 — m=0yy — ¢
+ 2 3

The temperature 7o can be considered as the critical temperature of a
superconducting state mediated by the dinamycal spin-fluctuations and the
equation (30) shows the influence of the concentration fluctuations on the
critical temperature T, for an ordered alloy 4,B;_,.

Conelusions. We showed that in the model for the superconducting pairing
in a crystalline ordered alloy A.B,_, the concentration fluctuations can give
rise to a decreasing of the critical temperature. The effect is similar with
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the thermal phonons. We neglected the influence of these fluctuations on the

pseudopotential p, because in this model a separat analysis for this problem
is necessary, but we considered the electron-hole scattering which may be
important in this alloys
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MAGNETIC BEHAVIOUR OF V-Fe SOLID SOLUTIONS .

LILIANA POP*, TEOFIL CHEREBETIU* and IULIU POP*

Recerved  Ociober 31, 1986

ABSTRACT. — The V—TFe solid solutions 1m « and o-phases were investigated from
a magnetic pomt of view between 100 — 1300 K For the samples contaiming 91, 88
and 79 at 9, V the magnetic susceptibility is temperature independent, 1e this sam-
ples are Pauli paramagnets For the other samples contamming 72, 68, 55 and 46 at
9% V, the temperature dependence of the reciprocal magnetic susceptibility 1s not linear
and obey the Néel law for the paramagnetic susceptibility of the fermmagnetic ordered
materials The effectrv magnetic moment determined per iron and vanadmum atoms
are 1n good agreement whith the values obtammed in pure iron and for V+*2 iom, at
low temperature, the last sample exhibits the mixed valence characteristic, perhaps

Introduetion. The V-Fe system of alloys has a continuous « solid solubi-
Iity, excepting the central ¢ phase below 1200°C, and the iron narrow y phase
region [1, 2] According to phase diagram (1], ¢ phase 1s includid between
38 at. 9%~V and 58at. 9% V. At the equiatomic concentration a FV interme-
tallic compound is formed. The o solid solutions are ordered with FV inter-
metallic compound crystalline structure.

From a magnetic point of view, the iron rich solid solutions are ferromag-
netics, and concentration dependence of the Curie temperature is reported on
both phase diagrams [I, 2] but on the phase diagram [2] the concentration
dependence 1s extended over the ¢ — phase until T = 0°C. For vanadium
concentrations higher than 30 at 9%, the Curie temperature of alloys depends
on the cooling rate, and for the quenched alloys is higher than for the unquen-
ched alloys [2].

The magnetic behaviour of the ¢ — phase solid solutions yet is not clear
enough So, the 47 6 at. %, V alloy become ferromagnetic bellow 203 K, while
the 60 at 9, V alloy is not ferromagnetic even bellow 43 K [3]. For the
high vanadium concentrated solid solutions the results reported in [3] are much
different from those reported in [4, 5].

Experimental. The samples were prepared by arc melting in pure argon atmosphere from high
purity metals The melted samples were auealed at 900°C for 336 hours mn vacuum of 10~% Torr.

The magnetic susceptibility was measured, using a Weiss-Forrer equipment with 102 cm?/g
sensitivity [7], in the temperature range 100 — 1200 K and magnetic field intensity of 4,820 Oe.
The samples concentration is given in Table 1, and the order number 1s written on the tempera-
ture dependence curves of the reciprocal magnetic susceptibility (Figs 1 and 2)

From the seven investigated samples five are o — solid solutions and two are ¢ — solid
solutions, ie 46 at 9% V and 55 at % V

Results and discussions. As 1t is well known, the pur vanadium metals 1s
a Pauli paramagnet type with a quadratic temperature lowening of the magnetic
susceptibility [6]. Nevertheless, in some intermetallic compounds and alloys

¢ Unwersity of Clw-Napoca, Department of Physics, 3400 Chy-Napoca, Ronama
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vanadium has partial or whole localized magnetic moment [6, 7, 8]. From this
pownt of view, the magnetic behaviour of the vanadium alloys and interme-
tallic compounds with simple or transition elements may be very dlfferent
depending on the heat treatment, or on the crystalline structure

In our case, when the iron concentration increases 1n the vanadium sohd
solutions, the magnetic sucept1b111ty also 1ncreases, as one can see from the
Fig 1.

For the solid solutions with the vanadium concentration 91; 88 and 79 at.
% V, the magnetic susceptibility is practically temperature independent, 1e.
this alloys are Pauli paramagnets.

For the less vanadium concentrated solid solutions (72 at % V, 68at 9,
V etc.), the magnetic susceptibility become temperature dependent, and the
reciprocal magnetic susceptibility as function of temperature is not linear (see
Fig 1). This means that the observed paramagnetism for these samples is
a paramagnetism of localized magnetic moments, for both « and ¢ — solid
solutions. The general aspect of the curves 1/y(T) suggests that the temperature
dependence of the magnetic susceptibility may be described by the Néel low
for the paramagnetic state of the ferrimagnetic ordered matenals,

1 1 T 4

)

: 1
X Xo c T—o ' ( )
where - , 0, o, are the constants depending on the molecular field coeffi-

X . . . .
cients, and C is the Curie—Weiss constant, correlated with the atomic effec-
tiv magnetic moment.

The agreement of the Néel low with the experimental results is marked
on the figure by full line. One observes a systematic deviation from the Néel

low only at the low temperature part of the curves 1 (T), connected with

X
the transition from paramagnetic state to ordered ferrimagnetic state.

For the sample with 46 at. 9%, V, the temperature dependence of the reci-
procal magnetic susceptibility, given in the figure 2 has a particular shape.
At low temperature the curve L (T) has a broad minimum, specific for the
mixed valence system [9—11]

The numerical values of the Néel law constants are listed in Table 1.

Table 1
1
pampor | %tV c propn | S B E ) =0 g0 6, K
(387817 %o
1 91 - — - - - -
2 88 - - - - - -
3 79 — - — - -
4 72 0 032 401 396 17 756 306 28 10
5 68 0 0363 392 397 17 8 1125 50
6 55 0 0397 4,08 402 15 176 1 641 4
7 46 0 0396 4078 4053 11.212 2.481 90
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From the Curie—Weiss constant value we have determined for the last
four alloys the effective magnetic moment values, which are in very good
agreement with those calculated using the formula

Heale = [th (42)2 +fV(3-87)2']1l2: (2)

where fz, and f, are the molar fractions for the alloy components. In this
formula we have used the whole localized magnetic moment values 4.2pz/Fe
and 3.87up/V which correspond per 1ron atom in pure metallic iron, and per
V+*2 Usually, the vanadium magnetic moment is not localized, but in this
case it 1s really well localized, as 1t can be see from the values given in Table 1.

Conclusions. The « and ¢ vanadium-iron solid solutions presents interes-
ting magnetic bebaviours. The rich vanadium solid solutions are Pauli paramag-
nets with temperature independent magnetic susceptibility. The others solid
solutions, including ¢ — solid solutions are ferrimagnetic ordered, withe well
localized vapadium magnetic moment, corresponding to V*2 ion magnetic
moment value. In the ¢ phase, the sohd solution 46 at. %, V and 54 at. %, Fe
exhibit mixed valence characteristic expressed by a broad maximum in the
temperature dependence of the magnetic susceptibility at low temperature,
perhaps.
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THE USE OF REFLECTANCE INFRARED SPECTROSCOPY FOR
THE OBSERVATION OF THE POLYMERIC FILMS ON METALS

S. JITIAN* and I. BRATU**

Receswved » November 1, 1986

ABSTRACY. — The application of the methods of reflectance infrared spectroscopy
for the observation of the polystyrene and poly (methylmethacrylate) films on copper,
steel and nickel surfaces 1s presented. Both specular reflection and internal reflection
measurements have been used in order to find the optical constants of the polymenc
films. The thickness of the polymeric films on metals has been obtaimmed from the
mnterference fringes in the specular reflectance spectra.

Introduetion. The reflection of the radiation on the interface betwecen a
medium with refractive index », and an optical absorbing medium with the

complex refractive index # =% — ¢k are described by Fresnel complex indexes

v, and vy, corresponding to the two components of the radiation that are para-
liel and respectively perpendicular on the incidence plane:

_‘Y"P — l';p l 618}; — 'ZCOS @y — My (:OS-? (1)
n cos @4 + 1y coS @

-~

~ S P CcOoSs —‘;COS
Ys = |y, e =202 % i 2)

' #4 COS @y 4 1 COS @

where ¢, is the radiation incidence angle, ¢ is the complex refractive angle,
defined by Snellius’refraction law- 3, and 9, are the phase differences of the
two radiation components after reflection

R, and R, reflectances corresponding to the two radiation components,
defined as the ratio of the reflected radiation intensity to the incidence radia-
tion intensity, may be expressed allowing for the relationships (1—3) as such:

— — = — - 2
R, — I:-Y 2= (1 — k)% cos @, — nc,«/(n — k)2 — nj sinlq, (4)
2 b _ — — —
(n — k)2 cos @4 - n,,\/(n — ak)2 — n§ s1n? @
~ _ i — 1E)2 — 22 sin? _
R, = le [2 = Mg COS Qo "o'\/(’_’ 7']j) %y SI0° 9y (D)
7, COS Q¢ + 110\/(1: — th)? — m} sin2 g,

We can consider with a good approximation that for the natural unpola-
rized radiation the reflectance is the anthmetic mean of the two reflectances

for both components [1]
R =~ (R, + R) (6)

* "Travan Vwa' Polytechnic Institute — I S Hunedoara, 2750 Hunedoara, Romania
** Instat, of Isolopic and Molecular Technology, 3400 Cluy-Napoca, Romania P

P




POLYMERIC FILMS ON METALS 31

According to these relationships, as a result of the modification with the

wavelength of # and % optical constants of the surface, due to dispersion, the
intensity of the reflected radiation changes thus giving the reflection spectrum.

Knowing the reflectances R, and R; or R from the reflection spectra, we
can compute the optical constants of the reflection surface.

Up to this point both the specular reflectance spectra, when the medium
of mcidence 1s the air, and the internal reflectance spectra, may be used
when the incidence medium has a greater refractive index than the reflecting
surface and the angle of incidence is greater than the limiting angle.

In order to find the two unknown values # and % we need at least two
reflectance measurements It can be measured

— R, and R, for the radiation polarized at one angle of incidence;

— R, and R; or R,/R, for the radiation polarized for two angles of inci-
dence ;

— R for the natural radiation for at least two angles of incidence

R and & can be also measured for the depolarized radiation at a smalil
incidence angle.

The § value 1s found from the whole spectrum R = f(v) based on the Kra-
mers—Kronig integral [2]

In order to find the optical constants from reflectance measurements for
at least two incidence angles, graphical methods can be used [3, 4] thus
avoiding complicated calculations In this way ome can find respectively the
optical constants of the metals from the reflection spectra and the optical con-
stants of the polymeric films on metals, from ATR spectra observed for the
film covered metal surface

In the case of thin polymeric films the reflection spectrum has a weak
resolution This can be 1mproved 1f the angle of incidence on the polymeric
film from a medium with refractive index #ny, > %, is greater than the himiting
angle If the medium on which radiation reflects 1s optical momabsorbing, a
total reflection 1s obtained and in the spectra ranges where the medium 1s absor-
bing the radiation is partially absorbed so that there will be an attenuated
total reflectance spectrum (ATR)

The polymeric film thickness can be determined from the interference
fringes in the specular reflection spectra The spectral ranges (2000 —2600) cm™—1
and (3200—5000) cm™! should be used, where most polymers do not produce
absorption bands that overlap the 1interference fringes.

From IR radiation reflection spectra performed at an ¢, angle of inci-
dence on the polymeric film, assuming that thisfilm is transparent, and with
the aid of the refractive index n the film thickness can 1s calculated by ea-
suring the number of interference fringes N which occur on the spectral range

Because, as 1 most cases, in the relationship for computing the film
thickness

N
d= —Tr 7
2(vy — va) '\/"]’; — sin? g ( )

the film refractive index value is not always accurately known, we suggest
the use of measurements made at two incidence angles ¢ and @g,
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By measuring the number of fringes N and M 1n the spectral ranges Av

and AV’ from the specular reflectance spectra, recorded at two incidence angle
901 and g, the film thickness for each individual case can be found

4= d= M

2AY an — sm? g4, ’ 2AV an — s111” @y

(8)

Because the measurements are made i spectral ranges which partly overlap
each other, we consider that the film thickness and refractive index are the
same for both measurements By eliminating the refractive index between the
two relationships (8) we obtatn the fim thickness

g1 \/ MRAYE — N2AY? )

2AVAY sin? g, — SIN? @y

The relationships (8) can also be used to find the average value of

the film refractive index on the common Ay and AV’ spectral range. By clumi-
nating the film thickness between relationships, (8) and (9) we obtain the
refractive index as

n— a\/M‘Astm2 o0 — NzA:’2 S @gq (10)
M2Avz — N2Av'E '

Expermmental. The copper, nickel and OLC 45 steel samples on which polymeric films have
been deposed, have been cut from bulk metal to the dimensions of 45 x 22 X 5 (mm) and then
ground and polished with abrasive paper up to 12 gramn The surface has been further polished
with No 2 ,,Prest” Italia metallographic paper

The sample was washed 11 water and absolute ethyl alcohol The (PS) polystirene and (PMMA)
poly(methylmethacrylate) films were deposited from the polymeric solutions in benzene and trichlo-
romethane during spinning the samples, under conditions sumilar to those reported by other authors
[5, 6]

The IR reflection spectra have been recorded with UR-20 (Carl Zeiss Jena) spectrophotometer
in natural light In order to record the specular reflection spectra we used the specular reflectance
attachement for 20° and 55° mcidence angles

ATR spectra at 45° and 53° mcidence angles have been obtamned with ATR umt KRS-5-
crystal

Results and discussions. The reflection spectra can be used to identify
the polymer on a metallic surface due to the resemblence with the transmi-
ssion polymer spectra The reflection spectrum of the polymer film on the
metal can be considered Iike a transmission spectrum because the radiation IR
crosses the polymer film twice as a result of the reflection on the metal sur-
face The ATR polymer films spectra although they are not real absorption
spectra ressemble very much with the transmission spectra if they are regis-
tered 1n certain conditions [4].

We used the graphical method in order to determine the metal optical
constants We plotted on the same graphic the reflectivity variation curves

as the absorption coeffictent % 1n accordance with the relations (4—6) for

different values of the refractive index # The curves family R = f(k) obtained
for the incidence angle of 55° 1s presented in figure 1. These curves have been
plotted on the basis of the values given by Vasiték [3] TFrom this.plot the
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Fi1g 1. The reflectivity wvariation curves depending on the absorbtion
coefficient for different values of the refractive index # at the incidence of 55°.

pairs of values n and £ corresponding to the reflectivity value from the reflec-
tion spectrum for the respective incidence angles are obtained. The same way
is used for the pairs measurement performed at the incidence angle of 20°.

Then, the two pairs of curves # = f(k) are represented on the same graph,
like in figure 2. The cross point of the two curves has as coordinates the

two optical constants of the surface # and & corresponding simultaneously
to the pairs of values of the reflectivity measured at the two incidence an-
gles. The complex refractive indices
of the metals determined in this way
in the range IR at 2200 cm™ are:

© = 1.96 —1.8.7 for copper, n=
= 2.16 — 1-5.3 for nickel and

# =263 -i48 for steel OLC — | 2
—45. The values obtained are in ac-
cordance with those reported in the
literature [4]. 0

In the same manner the optical 1
constants of the polymers films from
the ATR spectra, obtained in the
range IR at 2200 cm™ were deter-
mined as follows: # =124 —1.0,02 0 5 10 B K
for the polystyrene film and # =
= 1.2 —i.0.01 for the methyl poly-
methacrylate film. —

The polymer films thickness was Fi1g 2 The curves n = f(k) corresponding to the

A " " ! measured reflectivity for steel OLC 45 at V==
determined with relation (9) by using 7 2200 cm 1,

o}

55° 20°

3 — Physica 2/1988
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F1g 3 The specular reflection spectrum of the film of PMMA on the steel OLC-45 at the inecr-
dence angle of 20°

the reflection spectra of the polymer films on the metals In Fig. 3 the range
(1600—5000) em™ from the specular reflection spectrum of the polymers films
of PMMA on OLC~—45 steel is presented For the film of PMMA, the film thick-
ness obtained on the basis of the proposed calculus relationship is of 4,2 pm
and the refractive index of the film computed with the relation (10) has the
value #; = 1.15. The error in calculating the film thickness is of about
02 pm if the spectral range between two interference bands is measured with
a better accuracy than 50 cm™. Because the interference bands are measured
in the spectral range where the film does not present absorption bands, (&, =
= (), in the relations (7—10) only the real part of the film refractive index
#i, = m, — 1k, can be considered.

Conclusions. The IR reflection spectra of the polymer films on the metals
are similar to the transmission spectra of the polymers and therefore they
can be used for polymer identification on different solid supports.

The optical constants of the metals can be determined in the IR range
from the specular reflection spectra at two incidence angles

The polymer film thickness 1s obtained from the interference bands im
the specular reflection spectra of the film on the metal. The calculation of the
film thickness, based on two spectroscopic measurements at two incidence
angles, avoids the necessity of knowing the film refractive index in the investi-
gated spectral range.
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IMPURITIES DISTRIBUTIONS IN TOKAMAK PLASMAS

T. A. BEU and M. VASIU

Recesved  November 3, 7986

ABSTRACT — In ligh temperature low demsity tokamak plasmas, radiation coolng
by mmpurnity atoms an be can important energy loss mechanism [1, 2] since radiation
1s not reabsorbed The coupled set of time-dependent diffusion equations for iomized
impurities 1s solved 1n conjunction with a simple model for neutral mmpunities The
resultant density distributions are used in the subsequent computation of the related
energy losses Results are presented for oxygen.

Introduetion. The ideal magnetically confined fusion plasma would consist
only of hydrogen isotopes, helium ions and the neutralizing electrons, well
separated from the material walls of the reaction chamber by suitably shaped
magnetic fields. In practice, high energy plasma particles leak across the mag-
netic field, strike the walls and liberate wall material, which diffuses into the
plasma, where the impurity atoms (such as carbon, oxygen, iron, nickel, molyb-
denum) are ionized and excited. Jonmization and excitation are accompanied
by radiative decay and radiative and dielectronic recombination which lead to
unwanted energy losses in addition to the bremsstrahlung radiation. These
radiation losses lead to the cooling of the plasma [1, 27.

Eqations. The model adopted for the neutral impurities assumes that
these flow into the plasma at thermal velocity V, and their density, #,(7),
decreases rapidly through iomization as the impurities penetrate the plasma.
Using the coordinates indicated in Fig. 1 we have

2r w2 o,
nolr) =2 ( o { adcos g exp [— %, { a,(p')m(p')dp'] (1)
1] —7tf2

where #n is the average number of neutrals leaving the unit area of the walls.
MKS units are used throughout the paper, except where specifically mentioned.
a; 1is the ionization rate for the neutrals and #, is the electron demsity. ¥V,
is approximately given by the following expression

Vo =4 X 1070(T o/m.)*?
where T, is the temperature of the neutrals in ¢V and m, is the mass of the
impurity.
The density distributions of the ionized impurities are calculated by taking
into account classical and anomalous diffusion and the ionization-recombination
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da. D,

Fi1g 1 Coordinates employed 1n the model for neutral impurities

process The radial density distributions are then given by the following set of
coupled differential equations:

‘%k— + % 7;97 (r®y) — n,[(1 — Su1) gty — (g1 + Be)?s + Brt1Mer1] = Sp1%,047
(2)

k=12, ..., NST,

where 7, is the impurity ion density in the % th ionization state, «, is the
tomzation rate for the passage from the (2 — 1) th state to the kth state
and (, 1s the total recombination rate for the passage from the % th state
to the (& — 1) th state. NST represents the total number of ionization states
and 8 1s Kronecker’s symbol.

The flux of the impurity ions in the % th ionization state is given {4, 5]
as

Q, = —ypDp0mor + ywWm (3)

on the assumption that the impurity ion density is low enough for the effect
of mutual collisions to be neglected. The Pfirsch— Schluter diffusion coefficient
D, and tbe inward diffusion velocity due to friction with plasma ions W, are,
respectively, given by

Dy = (1 4 g%)pkvs (4)
— 1o 14T,
Wk - ka ! ny dr 2T, dr )’ (5)
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where yp and yp are the anomalous factors. The safety factor g, the Larmor
radius p, and the collision frequency of impurnty ions with plasma ions v,
are defined as follows:

v By

7= Ry Bp

2 — 625 x 1087 Ir
i % B m

vy = 2765 X 10~ (m,)V2k2 In Ayf(m,To")

Here R, is the major radius of the reaction chamber, B, and B, are the toroi-
dal and the poloidal magnetic fields, respectively, #, 1s the plasma ion density,
In A, 1s the Coulomb loganthm, T, is the plasma ion temperature and 7,
is the 1mpurity ion temperature in e}/ The effective ionic charge of the plasma
1s defined as follows

NST
Z :(n'; + } : kznk)/ns
k=1

and according to charge neutrality

NST

n,=mn, — Y, kn,

k=1

The diffusion coefficients depend on the impurity 1on temperature 7,
for which we use a simple model -

const (B =0)
Ty=T, for 7, < t, (k #0)
min [T, Trey + (T, — Tra)7./7e] for 7,0 > 7,(k# 0?,

where t, = 1/(t44+1 + Bi)#. and t, = 1/2v,. We used the 1onization rates given

by Lotz [6]
NSS Qg [ 1 PEY  bFexp (cf) P}
_ LA DRI fulll It e 0 ALY el %
=67 25 [Pf/n E( T,) PHT 4 E( r, T )]
where

Ey(%) = Sexp (—9)/y1dy

is the exponential integral, P¥ 1s the binding energy of the electrons in the
2 th subshell (in eV), g% 1s the number of equivalent electrons in this subshell
and af, b} and ¢} are fitting constants tabulated in ref. [6] NSS stands for
the number of subshells considered

Taking into account the radiative recombination rate [8] and the dielec-
tronic recombination rate [9], the approximate expression for the total recom-
bination rate is B, = p; 4 f¢
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Equations (2) are solved under the following boundary conditions :
[”0(7’)]r=rp = given constant

[#4() )=, =0, k=1, 2, ..., NST,
[3_”"] —0, k=12 ..., NST
or {r=0

and in considering the time-dependent cases one adds the imtial conditions
w=o0r) =u(r), k=12, ..., NST

The energy losses by iomization, recombmatmn, bremsstrahlung and exci-
tation due to the presence of the impurities are approximately given by

NST

B =16 x 1071 5% nny o0 (P + 2 T + b
k=1
NST

Pu:c =16 X 10_192 g‘nenkkae:
k=1
P, =15x% 10—382‘n2:r"2

NST—1
P,=173 x 10Ty, 2 7, E C e‘{p( 1;")
k=1 [
1.0 —3

]
N
ng,n; (x1018/m3), Z

-

Te, T, (keV)

0 02 C.4 06 08 10
r/ p

I'1g 2 Input piofiles for i, T, and 7., output profi
les for n, and Z
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where P,; 1s the excitation potential. The coefficients ¢; are tabulated in
ref. [5].

Equations (2) were approximated by simple finite difference schemes

Results. Calculations were made for oxygen impunty ions. Fig 2 presents
our input profiles for the electron density #,, electron temperature T,, plasma
ion temperature 7', and the output profiles for plasma ion density #, and for
effective ionic charge Z Our input data correspond to a typical experiment
in the hydrogen plasma of the ST tokamak.

I1g 3 shows the resulting impurity density profiles The figures attached
to each curve denote the iomzation state of the impurity (the neutrals are
labeled with O, the simple ionized oxygen with 1, etc) Fig 4 gives the radia-
tive energy losses obtained with the impurity density profiles of Fig 3. Our
results seem to agree fairly with those of Tazima et al. [5].

The algorithm and the program based on it have been presented 1 a
previous paper [10]

102 -
8
a
£ o]
o
c
~
o
&
10°
]0"1' 102':
101+
-2 ’
10 Y S (0] I TS T TR N SN A S G
02 04 06 08 / 10 0z 0L 06 08 10
' r rp l‘/rp
Fig 3 Output oxygen impurity density profiles. Fi1g 4 Radiative energy losses obtained

with the impurity density profiles of fig 3
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ESR AND THERMAIL ANNEALING STUDIES OF y-DEFFECTS IN
Na,SeO,

I. BARBUR* and L. STANESCU*

Recerved  November 6 1986

ABSTRACT. — ESR study of y-urradiated Na,SeO, m powder form indicates the
existence of SeO, , SeOz and SeO, radicals The identification of radicals 1s made
on the basis of their g tensors The radical SeOj appears in ESR spectra at 77 K
only The activation energies involved in process of recombination of SeO, and SeOj”
radicals are evaluated

Intreduction. Sodium selenate belongs to a large class of substance as
NaNH,SeO,, X,5¢0,, wich presents ferroelectric transition [1—2]

This paper presents ESR investigations of vy-irradiated powder of sodium
selenate Na,SeO,, at both room temperature and 77K The study of the ther-
mal annealing of deffects produced by gamma irradiation in Na,SeO, in the
range of temperature from 60°C to 170°C 1s also presented.

Experimental. Paramagnetic centers in Na,SeO, were produced by vy-1rradiation of the samples

to a ®Co source for 100 hours

Electron spin resonance (ESR) spectra were recorded by a JES-3B type spectrometer, in the
X band, by direct detection usmng a magnetic field modulation of 100 kHz The temperature in
the resonant cavity was controlled usmng a JES-VT-2 type installation and measured by means of
a copper-constantan thermocouple The samples of Na,SeO, were used in powder forms

Results and diseussion. Gamma-irradiation of Na,SeO, produces paramag-
netic deffects 1dentified as SeO;, SeO3, SeOj. The 1dentification of the species
is based on the g-factors and the hiperfine coupling constant of 7Se (I = 1/2).

The ESR spectra of this species m powdered Na,SeO,, at 300 K and
77 X are shown in Fig. 1. The values of the g-tensor obtained from analysis
of these spectra are given in Table 1

Table 1
g tensor for Se07;, Se0; and SeO, radieals m y — irradiated Na,SeO
g
Radical T(K)
8xx 8yy 8zz
SeOT 300 19970 2 0272 2 0073
: 77 19949 2 0260 2 0088
SeO- 300 20136 20136 2 0025
3 77 20181 20181 2 0015
- 300 - — —
Se0, 77 (A) g = 19660, (B) g = 20356

* Umversity of Clup-Napoca, Depariment of Phystcs, 3400 Clug-Napoca, Romania
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Gyy 8y, (1

I Se0,
I Seo;
(A,B) Se0;

F1g 1 ESR spectrum of powder Na,SeO, at 300 K and 77 X

At room temperature the principal line (II) 1s atributed to the radical
SeOz, which has been detected earlier in K,SeO, [2, 3] and NaNH, - SeO, -
- 2H,0 [4]

According to our measurements, the g-tensor is axially symmetric for
this radical.

The x1al value of the g-tensor g, = g,, = 20181 is greater than for SOz
(g =20036) and 1s atributed to the large value of the spm-orbit coupling
constant for selenium [4]
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Fi1g 2 Annealing isoterms for SeO;

| The radical SeO; has also been observed 1n a vartety of y-irradiated sele-
nates and selemites [2—4]

The g-tensor for SeO; shows rhombic symmetry and there are not great
differences between g-values at the room temperature (300 K) and at the low
temperature (77 K).

The radical SeOp was first observed in y-irradiated K,SeO, at 77 X [2].
The radical disappears by warming the sample up to the room temperature
and it has been used as a probe for studying the ferroelectric transition in
K,5e0, [3], NaNH,SeO, - 2H,0 [5] The ESR spectrum of SeOj, at room
temperature, 1s masked by the radicals SeO; and SeO3 According to our
measurements (Fig 1), two rhombic components A and B of the radical SeOf
are observed at low temperature (77 K) The g-values of these components
(Table 1) are 1n good agreement with the same values observed for SeOj 1n
NaNH, - SeO, - 2H,0 [4]

1,-1,. _
L -los
031 1, Sely

02\ : / ——
=

!
50 100 15¢  {iRin)

I'1g 3 Annealing isoterm for SeO5
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The temperature stability of the radicals SeO; and SeOz was studied 1
the temperature range from 60°C to 160°C by measuring the varnation of the
ESR signal (amplitude of the line) at different temperatures In Fig 2, the
value I, — I;,,/1; is plotted against time, where I, is the initial amplitude of
the component for SeO; and I;, is the amplitude after t minutes of heating.
Figure 3 represents the annealing isoterms for SeO; .

No changes 1n the intensity of the ESR lines were observed for both SeO;”
and SeQ, radicals, below 98°C

By increasing the temperature, a continuous decrease of the signalisobser-
ved corresponding to the recombination process of the radicals

The activation energles in the recombination process of SeO; and ScOj
radicals were calculated using a phenomenological method [6] and are 0 265 eV
for SeQz and 0.195 eV for SeOs.

By investigation of the structural changes which appear 1 Na,SeO, at
the transition point evidenced by the properties of the SeO; radical, the stu-
dies of the possible incommensurate state in Na,SeO, are in progress

REFERENCES

1 Aleksandrov, K S, Aleksandrova, I P, Zherebtsova, I, I, Zaitsevar-
M P, Anistratov A T, Ferroelectrics 2, 1 (1971)

Atkins, P W, Symons, MCR, Wardale H W, J Chem Soc, 5. 5215 (1964)
A1k, KX, J Phys Soc Japan, 29. 379 (1970)

Ramani K, Sritnivasamn, R, Mol Phys, 44, 125 (1981}

Ramani K, Srinivasan, R, Proc Nucl and Solid State Phys Symp, (DAE), Ban-
galore, G, 16, 367 (1973)

Cdlusaru, A, Barbur, T, Ursu, I, ,Chemical Effects of Nuclear Transformation”,
Vol. 1I, TAEA, Vienna, 239—313 (1965) .

[S N ]

o



STUDIA UNIV BABE$—BOLYAI, PHYSICA, XXXI, 2, 1986

MAGNETIC PROPERTIES OF COBALT CADMIUM—BORATE OXIDE
GLASSES
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ABSTRACT. — The results of magnetic investigations on xCoO(l — #) [2B,0, CdO]
glasses with 0 < » <{ 50 mol %, are reported These show that the cobalt 1oms, are
i bivalent state The atomic magnetic moments of Co** ions decrease from a value
of 5 173 up for the 3mol 9% CoO to a value of 3.893 pp for 50 mol 9% CoO. These
variation can be attributed to a statistical average of the cobalt distribution states,
The magnetic susceptibility data suggest the appearance of the magnetic superexchange
mteractions for x = 5 mol %,.

Introduction. Juza e al. [1] reported magnetic investigations on a
series of cobalt alkali-borate glasses by varying the alkali-metal oxide (Na,O,
1i,0) content If has been determined that the atomic magnetic moment of
Co?t ion decreases when the alkali-metal oxide concentration increases The
decrease in the magnetic moment takes place at about the same content of
the alkali-metal oxide at which the colour of the glass changes. Verhelst
et al [2] have reported that the cobalt aluminosilicate glasses show Curie—
Weiss behaviour with large negative paramagnetic Curie temperatures and reveal
a very noticeable trend in the magnitude of the atomic magnetic moments as
a function of composition. We have investigated the cobalt 1n lead-borate [3}
and potassium-borate [4] oxide glasses, keeping the B,Oy/PbO and B,03/K,0
ratio constant In these glasses, the cobalt ions are in bivalent state, having
the atomic magnetic moments constant in agreement with those obtained by
Egami e al [5] for cobalt phosphate ozide glasses.

Experimental. In order to obtain further information on the magnetic behaviour of cobalt
ions 1n oxide glasses, we have 1avestigated the » CoO (1 — #) [2B,0; - CdO] glasses, with 0 < » <
< 50 mol % Imitially the glass matrix 2B,0, . CdO was prepared by muxing HyBO; and CdCO,
and then melting this admixture 1 a sintered conrundum crucible, usmng the technique previously
reported [3,4] After cooling, the glass matrix was crush2d and resulting powder mixed with CoO
efore final melting at T = 1200°C for 1 . The structure studied by X-ray analysts did not reveal
any crystalline phase up to 50 mol % CoO

The magnetic measurements were made between 80 K and 320 K, using a Faraday type
Dbalance

Results and discussions. The temperature dependence of the reciprocal
magnetic susceptibility of the various glasses is presented in Fig. 1. For the
glasses with a CoO content < 3 mol %, the Curie law is observed. This suggests
‘that up to 3 mol 9, in these glasses, the cobalt ions are magnetically isolated.
For a CoO content higher than 3 mol %, the reciprocal magnetic susceptibility
obeys a Curie—Weiss bebaviour, with a negative paramagnetic Curie tempera-

* Unwersity of Cluj-Napoca, Department of Physics, 3400 Clw-Napoca, Romamsa
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Fig 1 Temperature dependence of the reciprocal magnetic susceptibility.




MAGNETIC PROPERTIES OF BORATE GLASSES 47

ture For these compositions, the —
high temperature susceptibility data
indicate that the cobalt i1ous in the
glasses undergo negative exchange 1
interactions and are coupled anti- _
ferromagnetically The antiferro- X So-
magnetic order is formed at a short =«
range only and may be described ¢
by the so-called micromagnetic type o
order [4] A simiar conclusion was
reached for Co®* ions in alumino- 30l Vi
silicate [2] and potassium-borate P
[4] oxide glasses : / |

The composition dependence of .
the paramagnetic Curie tempera- 4
ture, 0p, 1s presented 1 Fig 2. qL
The absolute magnitude of the
values of 0p increases almost -
nearly for x> 3mol % In gene- (53 TN
ral, the exchange integral increases % [mol% Co0]—e
together with the concentration of
the transition metal ions in the
glass [6] This reflects a gradual
increase 1n the magnetic interactions in the system and is due to the increa-
sing of the number of cobalt 1ons which are participating in these interactions.

To determine accurately the values of the Curie constants, C,;, and atomic
magnetic moments, w,, corrections due to the diamagnetism of the glass
matrix and CoO were taken into account, The composition dependence of the
Curie constants, C,, and of the atomic magnetic moments, u,, are presented
in Figs. 3 and 4. For the glasses with % > 5 mol 9, the experimental values
obtained for Curie constant, which are proportional to the ion concentration,
increase with cobalt ion concentrations but less rapidly (Fig. 3).

The experimental values obtained for the atomic magnetic moments, g,
therefore decrease from value of 5.173 pp for 3 mol % CoO to a value of
3.893 p for the 50 mol 9%, CoO (Fig. 4). A similar conclusion was reached by
Verhelst e al [2] in their study of Co?* in aluminosilicate glasses. These
values are higher that the values of the magnetic moment of Co?* ions in free
ion state: pez+ = 3.87 pp when only the spin moment is active. When, in

addition, there is full orbital contribution, we have p = g J JJ + 1) =6.63ps,
with g; = 1.33 for Co?* ion with electron configuration 347 in 4Fy, ground
state [7]. The experimental values for high-spin Co?* complexes lie between
4.4 pp and 52 pp [8].

Our results suggest that the cobalt ions exist in divalent state in 2B,0;-CdO
glasses, as was also observed in alkali-borate [1] phosphate [5] and alumino-
stlicate [2] oxide glasses.

It can be shown from the energy level diagram of Co?* ion [1] that a
lower magnetic moment is to be expected for the octahedral coordination (A4

F1g 2 Composition dependence of the- paramag-
netic Curze temperature
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ground state) than for the tetrahedral coordination (I" ground state). The
observed magnetic moments in our glasses must be the result of a statistical
average of the cobalt sites distribution [1]. Thus, at the lower CoO content
the tetrahedral coordination prevails, while at the higher those of the octa-
hedral coordination. In the intermediate concentration range a statistical ave-
Tage over these coordination types 1s present. Similar results have also been
evidenced for Ni?* ions in the lead-borate oxide glasses [9]. But we do not
exclude the presence of one type of coordination of Co?* ions for which the
local distortion varies at different CoO concentrations [10].

It 1s interesting to remark that in the case of Co?* ions in lead-borate [3]
and potassium-borate [4] oxide glasses, the atomic magnetic moment is inde-
pendent of cobalt ion concentrations.
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ABSTRACT. — The paper presents a method of growing photoconductive PbSe thin
films on glass substrates by chemical deposition, using sodmm selenosulfate as sele-
nmm 1on source, and lead citrate complex The influence of reaction conditions on the
film quality 1s investigated Films obtained usmng this method are as good as those
using selenourea

Introduction. The detectton of IR radiation at room temperature in the
spectral range of 3—4 pum may be achieved by photoconductors with maxi-
mum optical absorption in this range The use of PbSe films as high sensitivity
IR detectors 1n the above mentioned spectral range, in gas-analyser type or
other electrooptical devices 1s but one of the numerous applications which keep
up continous sctentific and technological interest for these films

For the mentioned spectral range the specialised reference maternal reco-
mmands PbSe films deposited on substrates by one of the following methods:
vacuum evaporation, epitaxial deposition or chemical deposition from aqueous
solutions (1, 2, 3)

The purpose of this work was to prepare PbSe films 1 a chemical way
by homogenous precipitation on glass substrates from aqueous solutions. The
formation of PbSe films from these solutions on a substrate, 1s determined
mainly by the manner of carrying out the chemical reaction between Pb2+
and Se?~ 1ons When the reaction is developing slowly enough, the controlled
formation of the films takes place This may be accomplished by the severe
regulation of component concentrations

In order to stabilize the comncentration of Pb%* 1ons they are taken in
the form of stable complexes (as oxalate-, tartarate-, or citrate complex) 1n
an alkaline medium (pH 10—11). There are two basic methods to achieve
homogenous precipitations, which differ in the agent that furnishes selenium
ions FEarlier this used to be selenourea, or its denvatives (4, 5), and later
sodium selenosulfate (6)

This latter method was used for the carrymg out of the present work.
The paper deals with the technology of producing PbSe films by chemical
deposition using sodium selenosulfate as a source for selenium 1ons

II Experimental details. IT 1 Preparation of sodium selenosulfate Sodum selenosulfate solu-
tion of a given concentration may be obtammed by solving elementary selentum in a sodmum sulfite
solution [7,8] The solubility of selentum at a certain temperature 1s pioportional to the concen-
tration of the starting sulfite solution (1n the range of 0,2—2 M)

At a constant temperature and at a certain value of pH the ratio of SefS0O;~ in the solution
is constant Higher values of pH increase selemmum solubility in the solutions of sulfites

The concentrations of the solutions prepared by us were in the range of 0,05—0,15 M

* Inststute of Isotopic and DMolecular Technology, 3400 Cluy-Napoca, Romansa
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11.2. The deposution of PbSe fulms from solutions comtawmng selenosulfate.
Fofanov and XKitaev (6) have analysed the deposition conditions of different
metal selenides from aqueous solutions containing sodium selenosulfate

Using sodium selenosulfate Glistenko (9) et al. obtained mirrorlike films,
but the obtaining of any photoconductive films, by this method, was not
reported The procedure described in the present paper made it possible to

obtain photoconductive PbSe films Some physical properties of these films
are reported in (10, 11)

The deposition of PbSe films from aqueous solutions may be achieved
after the following diagram

LEAD ACETATE SOLUBLE LEAD b Se
SOLUTION COMPLEX
Sopiuy pH SELENOSUL -
S SETTING | fATE SOLUTON

Diagram Technological diagiam for PbSe film deposition from
aqueous solutions

The concentration of the prepared lead acetate solution was 0,1 M, the
same as the concentration of the sodium citrate A lead citrate complex has
been prepared by pouring together these two solutions and setting the pHata
chosen value with 1 M ammoma solution The calculated amount of sodium
selenosulfate solution was added to the complex, and after mixing, this con-
stituled the deposition bath for the previously cleaned glass substrates.

The growth of PbSe films on the glass substrates has been accomplished
in a sumple laboratory setup shown in Fig. 1 A laboratory vessel (2) contai-
ning the lead complex solution with the value of pH previously set 1n the range
of 9,5—11,5 1s placed on a magnetic stirrer (1) with heating facility. The
solution 1s heated to 60—80°C, after which the previously cleaned glass subs-
trates (3) are mtroduced The 24 X 24 X 0,17 mm substrates are fixed on spe-
cial supports After the substrates have been introduced the sodium selenosul-
fate solution is added either continously using the burette (5) or all at once,
depending on the experimented variant :

The thermostatation of the reaction mixture 1s used also at lower tem-
peratures and longer reaction times In this case the reaction vessel 1s placed
in the enclosure of an ultrathermcstat

A tipical composition of the reaction mixture we used consists of the
following amounts of solutions in a vessel of 150 ml.

50 ml lead complex solution

40 ml distilled water

'
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Fi1g 1 Laboratory setup for chemical deposition of PbS= films on glass substrates

3—5 ml 1 M NH,OH solution (depending on the chosen pH)
15 ml sodium selenosulfate solution

Deposition time ranges from 5 to 60 minutes When thermostating the
reaction mixture at lower temperatures (1.e. 30—40°C) reaction times of several
hours were used

IIT Results and discussions. Using the procedure described above, we
obtained films with a good quality In order to control deposition technology
we have studied the influence of some factors on the quality of the films obtai-
ned

— the addition time of sodium selenosulfate solution: at tempzratures
near 80°C, and pH 1in the range of 11,0—11,5 reaction spz2ed 1s relatively
high The continuous addition of the selenosulfate solution favourized the for-
mation of adherent and quite thick films When using reaction times up to
60 minutes the thickness of the deposited films ranges from 0,4 pm to 1,6 pm
It was found that adding the selenosulfate solution all at once at lower pH
values (10—10,5) immediately triggered the process of precipitation even at
the temperature of 13°C

— deposition time has a direct influence on the thickness of the films
obtained Under identical conditions films of 0,4—0,5 pm were obtained in
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30 minutes, while in 60 minutes film thickness reaches the value of 0,9—
—1,4 pm. )

— the pH value of the solution the thickness of the film strongly depends
on the pH of the solution It increases with the stronger alkalimity of the
solution, but optimum deposition takes place only in the range of 10,5—11,5

— geometrical conditions and the stirmng of the solution 1t was found
that the thickness of the films depends on the position of the substrate holder
relative to the sense of rotation of the liquud in the vessel. Due to the inclu-
sion of the larger crystallites formed in the volume of the solution, the two
faces of the deposited substrate are not identical. The face which is protected
from including the crystallites formed in the volume of the hiquid 1s of a better
quality.

— the concentration of the reactants 1n order to control the dimensions
of the crystallites forming the deposited film we tried two methods

— the decrease of reactant concentrations

— the use of lower reaction temperatures
In these cases, 1n order to obtain the same thickness that resulted in the case
of undiluted solutions and high reaction temperatures it was necessary to increa-
se deposition time.

— the influence of temperature: at lower temperatures (30—40°C) the
reaction would not start easily, deposition is slow, and due to these reasons
longer reaction times of the magnitude of several hours must be used to achieve
a thickness of 1 pm

— the age of the solutions* 1t was found that the age of the solutions
influences deposition A newly prepared lead complex solution reacts rapidly
and produces thinner, mirrorlike films. A few days after having it prepared
reaction rate 1s lower and deposition produces thicker, good quality films A
month after its preparation the lead complex solution begins to show pheno-
mena of ageing, which result in thinner films of a poor quality.

IV. Conelusions From our experiments we may conclude that the chemical
deposition procedure of PbSe films is a complex process, which may be con-
trolled only if all reaction parameters are strictly kept under control

Sodium selenosulfate is prepared more easier than selenourea which asks
for organic sinthesis and the use of hydrogen selenide, a highly toxic substance.
Sodium selenosulfate has a greater stability in aqueous solutions than selenourea,
so longer reaction times can be achieved more easily.

The properties of the films grown by this method by using sodium sele-
nosulfat are. the qualities of the surface, its thickness, photoconduction, etc.
are as good as those obtained on deposited films using selenourea.

The most important factors conditioning the quality of the films are: pH
of the deposition solution, the concentration of the reactants, bath tempera-
ture, and deposition time.
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THE FERROMAGNETIC LINE IN POROUS RARE EARTH
GARNETS

D. JANCU# and D. STANILA*

Recetved  November 14, 1986

ABSTRACT — The paper shows how effective ferromagnetic linewidth, 1n polycrys-
talline Tb, Y, ¥b garnets 1s broadened by the presence of pores. This fact 1s 1mpor-
tant for the use of these garmets when are applied to microwaves filters 1in a larger
or smaller band of frequency in function of necessities.

Introduetion In polycrystalline garnets consisting of randomly oriented
crystallites, the angle between the applied field and the crystal axis, varies
through all values. The effect of this is broadening the resonance absorbtion line.
Similarly, the demagnetising effect, voids, stresses, which can be produced during
the sintering process, or inhomogeneous regions also broadens the resonance
[1]. In this paper we take into account only the dependence between the effec-
tive resonance linewidth and the average diameter of pores, [2] 1 polycrysta-
lline rare earths. The porosity of samples may be controlled by pressing the
material before the sintering process.

Preparation of samples. The powder of the constituent materials, rare earth
oxide R,05 (R may be Tb, Y or Yb) and hematite Fe,0; with three nine purity,
were mixed in the proper ratio with an organic liant, in water, for six houres.
Then the mixture was warmed up until complet elimination of water. Then
the obtained mixture was pressed at various degrees of pressing varying bet-
ween 20 and 100 Kgf/cm?.

After having pressed them, the samples were sinterised in an oxidant
atmosphere, according with the following thermal diagrame (Fig. 1). In this
way were obtained cylindrical samples of the two milimeter diameter and two
milimeter highness with different porosity.

Results. By the analysis of ferromag- ToC
netic resonance 1n a TEy; mode cylindrical
microwave (X-band) resonant cavity of rare
earth samples, the dependence of resomnance
linewidth versus volum of pores is presented
in Fig. 2. For small porositys, from the figu-
re, an almost linear dependence may be seen. 5007
Here the resonance line broadening is pro-
portional to the product of volume fraction

1000 +

of effective porosity, and 4=l the satu- > o : Fhours
ration magnetization [3]. For largér porositys, e S0 100 15
the low becomes almost nonlinear. Through Fig. 1. Heatmg diagram.

* Unwwersiy of Ciup-Napocs, Department of Physics, 3400 Clug-Napoca, Romania
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incorporation of the samples into the (X-band) microstrip line (Fig. 3) absor-
bed microwave power, in function of d.c. magnetic field, applied parallel
to the rare earth garnet samples axis, appear on Fig. 4, Fig 5 and Fig. 6.
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Fig 4. Absorbed power dependence as a function of the applied d ¢ magnetic fleld for the TbIG.
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A GENERATOR FOR LINEAR RECORDINGS OF SPECTRA

V. IONCU*, Gh. CRISTEA* and E. TATARU*

Rectwed November 14, 1986

ABSTRACT. — We have designed and set up a generator for linear sweeping of the
detecting-oscilators frequency used in the equipment for differential recording of Quad-
rupolar Nuclear Resonance (QNR) signals The generator can be succesfully used for
sweeping of the magnetic field and the frequency in the equipment with linear display
of high resolution Nuclear Magnetic Resonance (NMR) spectra At the same time the
generator has been proved as a first hand accessory i the equipment for the study
of the metal-dielectric-semiconductor (MDS) structures

General account. As it is known [1, 3, 7|, usually, the obtaining of a
linear varable voltage (LVV) is the result of charging or discharging of an elec-
tric condensor across a dipol The charging or discharging dipol is a circuit
which must ensure a charging or discharging current for the condensers The
principle scheme, most often used, for generation of LVV is presented in Fig. 1,
and is set up on an integrator of the analogic signal.

) .
-' C” U/ETI‘

. L o .
_—I:—_f o—{ ] Lo ’ P
W_a//) - -~ .. 3 . . ”t

Fi1g 1

If the imput signal is a direct voltage or has a rectangular form, the
output voltage is given by the integral of the imput signal

Ups = %S vt (1)

(o rmparotr
From (1) results that a constant charging

current is maintained during the whole active
course.

Combinations of integrating and compara-
ting circuits are used for the generation of /”7{7’ oror
linear variable voltage [4, 5, 6] (Fig 2). The UL AN
combinations can be performed with one or Fig 2

-

* Unzversity of Clup-Napoca, Department of Physics, 3400 Cluy-Napoca, Romanta
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more operational amplifiers. The comand of amplitude, period and shape of
the signal at the output of the integrator can be achived in several ways:

— The rectangular voltage supplied usually by the comparator, coman-
ded by the lével of the output voltage, 1s applied at the imput of the operatio-
nal amplfier. It depends on the elements of the circuit whether the LVV is
symmetric or asymmetric with respect to zero

— The 1mput of the integrator 1s fed with constant voltage and the return
to fhe 1mitial state is emsured by means of a comand device which acts like
a rely, or an electronic commutator which shorten, at a particular moment, the
condenser C discharging it in a very short time With such a comand of the
integrator a positive or negative LVV is ontained. (The discharge time is
neglijable as compared with the time of the useful course)

The time of the active course of usual LVV generators may vary within
a rather wide range, from 0,5 - 1077 s to 1800 s [2, 7]]. The upper limit of
this period of time (which 1s of interest for us) i1s determined by maximum
values of the capacities of the condensers with convenient size and weight,
by the maximum values of the resistens of the charging resistors (including the
losses) and by the minimum currents at which the active elements are still
satisfactory functioning [8, 9]. The integration precision is determined mainly
by the losses in the condensers which are small in condensers with synthetic
dielectrics (polystyrole, polycarbonates, polyetilenterephtalate) which have
Przot > 1012 Q.m.

The main problems we had to solve in order to set up a LVV generator,
having a long enough active sweepimg time and a degree of nonlinearity as
low as possible, can be summarized as folows

a) to build up a constant current generator with high imput impedance
and high stability of the suplied current,

b) to build up an electronic commutator for the condenser discharge which
shunts the integrating condenser as litle as possible during of the the active
course ;

c) to devise an integrating condenser of high capacity, with small loss
current, at conventent size and weight,

d) to find condensers having good time stability as well as against the
temperature variations,

¢) to ensure a long time stability for the functional parameters of the
apparatus and against temperature vamnations;

f) to reduce the external influences on the functional parameters of the
apparatus.

Description of the generatior. The principle scheme of the LVV generator
is prescnted 1n Fig. 3. It consists of the following functional blocks:

1) the capacity multiplier built on the operational amplifier 40, working
as an integrator; 2) the nominversor follower stage 40,, 3) the A0; compara-
tor, 4) the matching curcuit m TTL logic (Dy, D, H,); 5) the electronic
commutator T,, popeily comanded by the gioup consisting of the tact genera-
tor (H; H,), the bistabile I; and the commutator-comparator 40,, 6) the
constant current generator (40 T,), fed with a double stabilized voltage (I,
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is the second stabilizer); 7) the output amplifiers (40; AO,), which also
regulate the range of the output voltage.

The scheme of the stabilized voltage supply at o+ 15 V and respectively
at 45V is given in Fig. 4.

~ 220 £ /5

¢

L
/ 000/4/5

At the basis of the generator functioming lies the charging of the group of
C, — Cs condensers by the current supplied by the constant current genera-
tor and the obtaiming of vailable voltage of very low degree of nonlinearity
at the output of the operational amplifier 0;4 To get rnid of the influences
which the output load might have on the integrator characteristics its output
voltage is fed to the comparator 40; and to the output amplifiers A0, and
AO,, by means of the nommnversor stage follower OA, At the moment when
the voltage reaches the threshold level, established with the trimer P, the
comparator swiches To avoid the ,,anchorage’” of the electronic commutator
in an undefined regim we have introduce the state determmining group, consis-
ting of I,, H,;, H, and 04, which alows to take over the state from the data
immput ot the bistabile I; and transfering 1t to the eclectronic commutator 7T,
in the corresponding logic (closed or open) At the predetermined time the
commutator 7, alows the rapid discharge ot the condenser group C, — Cg
and taking again the work cycle
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The eapacity multiplier. Since the electrolytic condensers of high capacity
do not satisfy the requirments in 1tems c¢) - e) above, we made use of the
following trick. In the C; = C; group we have used polyester condensers whose
individual capacity does not exceed 2 uF, but together with the operational
amplifier OA4, forms a capacity multiplier. When the amplification of 04,
1s much biger then the unit (this requirement 1s easily fulfield by any operatio-
nal amplifier) the imput impedance of this scheme 1s

Z = Uy RiR, 1 R @)
I, R+ R, o€ R,-+ R,

where we supposed that only the C; condenser is introduced in circuit If one
choses R; > R; we have

Z, = Ry +—1 (3)

wC; —
J I-Ra

One can see from (3) that the imput impedance of the circuit consists of the
Ry resistor, of very snall value connected in serie with equivalent condenser

— Rl
C, 2 Cy (4)
of vary large capacity, whose reactance is X, = 1/C,0. The multiplier factor
is, evidently, the ratio R,/R; which can be made qute big

Naturally, the amplified equivalent capacity C manifests itself only in
dynamic regim In stationary regim the charge stored by the condenscr remains
equal to C,U,

In order to reduce the effect of the lagging current of the operational
amplifier the value of the resistor R, has been chosen equal to that of R;.
The value of the multiplier factor R,/R, may be modified according to the
necesities, by means of the P* potentiometer The value of the multiplied charge
is chosen by means of commutators K; — Kj.

Constant current generator. As for the chosen working variant a single pola-
nty of the output current is needed, we have bult the constant current (cc)
generator on the operational amplfier 04, and the MOS transistor 7,

The 1mput 1mpedance of the c c. dipol is of the order of hundreds of MQ,
ie 1n agreement with the requirement stated above, in 1tem a). In fact, the
stability of the cc. generator depends only on the refference voltage supplied
at the 1mput of the operational amplifier O4;, since I = E [R3;, For this
reason we have resort to: 1) a double stabilisation by means of the I, stabili-
ser, 2) mentaiming the gait-sourse voltage ata value near to zero, 3) usage
of some metal thin film risistors.

The electronie commutator. The rol of the electronic commutator 7T 1s
played again by a MOS transistor. During the time in which the gait vol-
tage is negative (—10V), and 1t coincides with the logic level I, at the output
Q of the bistabile I;, the C, condenser will be charging in a c.c. regime. The
very large drainesourse resistens (hundred of MQ) of the MOS transistor in
blocked regim 1s in paralel with the condenser, which strongly attenuates the
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sunting effect, as well as the alteration of the charging characteristic of the
condenser When the voltage across the MOS transistor jumps from the negative
(—10V) to the positive (4 10V) value, a value which 1s equal with the level ol the
logic H at the Q output of the bistabile, the transistor opens (the saturation
1s reached) and the condensor is rapidly discharging through 1t (the drain-sourse
resistence has low value) The charging time of the condenser 1s much longer
then the discharging time

As we have mentioned above, the TTL logic adaptor, the formation gate
H,, the bistabile I; and the tact generator H,; H,, have been introduced 1in
order to rnigurously determinate the states of the electronic commutator, in
agreement with the states of the A0; comparator as well as for an automatic
starting of a new integrating cycle

The tipping level of the comparator 1s regulated by means of the trimmer
potentiometer P; and was set to supply a maximum voltage of 45V at the
0A, output

The output amplifiers OA; and OA4, alow the selection of the variation
range of the output voltage, of maximum amplitude (10V), between —10V
and 410V The choice of the working domain 1s done by P; and P, potentio-
meters, while the level of the output voltage 1s selected by P, and P, poten-
tiometers

The amplitude of the linear variable voltage suplied by the generator is
adjustable whithin the range of +10V and sweeped during a period of time
between 01 — 4 - 10® s The generator also allows the control of the output
voltage amplitude, independent of 1ts sweeping speed The nonlinearity of the
output voltage 1s less then 0 159 for all amplitude and duration ranges
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ABSTRACT. — The paper presents the Bloch equations as bemng applied 1n magnetic
resonance spin imaging technique Both, constant field gradient and dipolar field where
used. The Bloch equations were resolved for the stationary and unstationary states
A special attention 1s accorded to the dependence on the dipolar field or on the
field gradient of the absorbted power, which also depends on the spin moment con-
centration :

Introduction. In a previous paper’we contributed to a study of EPR spin
imaging using, as aditional magnetic field, a dipolar field produced by a per-
manent magnet or by a coil, hdving a proper: magnetic' moment m In the
same paper we used also, a liniar field gradient for studying spatial EPR of
DPPH and a glass containing molibden paramagnetic ion [1].

In both cases the, Hamiltonian for an isolated spin in a magnetic field,
including dipolar,or gradient, is R

oo ‘ H =fiwyS; + kS - F -7 (1)

‘

where F is a tensor .comprising nme components and which for field gradient
is wrtten as :

(9B, 0B, 2By
P a0 ey T o
o 8By, 8By - @By
=1 5. o e 2
F + ox oy oz { (2)
3B; . 9B, 2B,
ox dy dr

The product F - 7 can be transformed into a vector field AB with three
components along the principal axis. When the main static field B= ;Bo
is added, the components AB,: and A1_§;,j‘can ‘be discarded provided that
By > |AB|. Upon examination of the relation (2) we see that discarding these
components is equivalent to retdiming the battom row only of F in Eq. (2),
and the product S . F becomes Sf, where the vector F has the compounents
F, = 0B,jox, F, = 0B,/dy, F, = dB,[0z. In the case of dipolar field the tensor

* Umvﬂs;ty of Cluy-. Napoca Department of ‘Physics, 3400 Clu] Napam Romania . v
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F from the second term of Eq. (1) becomes a vector field B; which 1s connec-

ted with the magnetic moment m by the relation, [2]

"Bd=ﬂ.[__”z+3.(.’_;;3'7] 3)
4w 73 I

where 7 determines the position of an 1solated spin If the magnetic moment m
is parallel with the main static field 2B, the relation of Eq (3) becomes

= ™ (3 cos2f— 1)

4 3
and
3
L= B 2" o5 Bsin O (4)
d4r 3

in spatial transitions being important the first 1elation of Eq (4), conside-
nng agam that By >» B,

Bloch Equations of the Spin Sistem. We shael restrict our discussion of
imaging techmniques to mnominteracting, or weakly interacting spin system In
this case the spin magnetization behaves classically and 1s described by Bloch
equations [3] in which relaxation processes are added

We consider the vector form of the Bloch equations {4] The total magne-
tization vector in the laboratory frame 1s

M’ =k Z §; (5)
The Bloch equations in the laboratory reference frome becomes
M i
*=~(B.M, — B,M,)— ==
at ((B:M, ) T,
My _ \(BM, — B,M,) — % 6
o = Y(BM: — BM) — =7 (6)
am, _ W(BM, — BM,) — M, — M,
dt T,

where B,, B, and B, are the components of vector B which has the form
B = kB + B,(t) (7)
with Zeeman term field as
By=B,+F-7r

and M, being the thermal equlibrium magnetization The terms T; and T,
are the spin-lattice and spin-spin relaxation times respectively The radio
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frequency field El(t) rotates with angular frwquency o close to the spin Larmor
frequency and has the from

By(t) = 2By cos wt — 7B, sin ot (8)
The expanded Egs. (6) may be written compactly in the matrix form as
aM M,

M T+ (__) (9)
dt L
where M is maw a calumn matrix and the laboratory frame evolution matrix
L=N+Dis gibven by

' 1

— vB; vbB, sin o
T,
~ 1
= —~B —— B cos ot 10
L vB; T Y1 (10)
—yBysinowt — yB;cos ot — %—
- 1

where N and D are the nondiagonal and diagonal parts of the matrix L res-
pectively.

We define # to be the component of (M,, M,) which 1s in phase with
the B, field and v to be perpendicular component wich 1s 90° aut of phase.
In matrix form the transformation equation can be expressed as

[Mx] — U[“] (11)
M, v
where
U — [cos.mt — sin mt} (12)
—sin wf —cos wi

and by inversion of the matrix, we obtamn

R

Applymg this hnear tramsformation U~! to a new reference frame rotating
about the z axis at angular frequency « the Eq (9) becomes

U

L
v 1= Qlv
M, M,

M,

+ (14)

1
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where ¢ has the form

—— —Ao 0
Q — A(}) e —%- '_‘0)1 (15)
0 o, — %

The unknown simbols in thlS matnx are Aw) = w; — v, ©; = yB; and
=B, :
The steady—state conditions 1mply that u and v as well as M, are constant.
In this case we simply solve the equatiom

“
Qv |{+(7)=0 (16)
T Mx ;1 '
If we use relation (13> and the third Eq of (6), and making same simple

algebric mamnipulations, [5] the steady-state solutions of Bloch equations in
the laboratory frame are ’

M 1 M T Ty(we— @) 2B, cos wt + 2B, sin ot
‘ L(mo — )
M, =1 MoYT 2B, cos ot — Tylwg — o) 2B, sin wf ‘ (17“)
- 2 Liwg — @) .. [ .

M, = M, LE D = o
Loy — o)

where L(w) — o) = 1 — y2B2T, T, + T3(w) — m.)z. We see that stady-state solu-

tion depends of B; which contains a linear gradient field AB or a dipolar
ficld B,i

Energy Absorationin in Spatial Magnetie Resoranee. Let us analyse
power absorbed by sample form the B; field. The mean rate of energy absor-
btion, per unit volume of sample, which contames N spins, 1s given by

A —/B, aM N\ _ " yeB,M,T,’ (18)
< > 1 + T3} — )2 + y2BET,T,
If w, = o, namely yB; do not contams field gradient or dipolar field being

equal with B,, A goes through a maximum as would be expected The power
absorbtion can be expressed in terms of y'' susceptibility and 1t 1s find that -

A =2%B" o 9)

where

1 : T,

— YW 20
2 %o 1+ 2BiT T, + Tioy — w)? ( )
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%o is the equilibrium static susceptibility defined for the spin 1/2 case by
My _ Nt

o= B T r

We devive our expression for power absorbed containing the line shape function
g(w), [6]. The population change caused by induced transition between the
—1/2 and +41/2 states 1s

Pn, —mn_)=—y'Biglo) (n, —n_)=

»F-l'—-‘

— L yBig(o) [%(1 o2 — (122 = LB ] e

4

Since each of the net upward transition requires the absorbtion of a quantum of
energy hv we write

4=1 Yszg(w) “To By (22)

We see from this equation that energy absorbed depends of N, the number of
spins per umt volume. If now B, 1s changed by adding a field gradient or a
dipolar field we can map, using a computing system, the density of spins from
sample. In this case 4 becomes a function of w;, namely of B; and in the
same time it is a function of N.

If u and v as well as M, depend on time we have to aslve Eq. (14) which
is a dlfferentlal equation of Bernoullin type Noting with P(¢) the colomn matrix
of Eq. (14), it 1s helpful in considering the solution of Bloch equations in this
case, to split Q into two parts, i.e., Q = A + T, where the first term involves
no relaxation terms and from Eq. (15) is given by

0 —Aw 0
A =] Aw 0 —wy (23)
0 ©; 0

and the diagonal relaxation term is simply

S o 0"
T,
1
T = 0 - 0 (24)
0 0 1
L. T1_1

with these remarks, the Eq. {(14) becomes

aP(t) M,
= QP() + 5 (25)
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and the solution of this equation is

P(t) = e#E(f)y () P(0) + Mo(1 — E,) (26)
where E(f) is a relaxation type matrix given by
E, - 0 0
Et) =e¢Tt=| O E, 0 (27)
0 0 E,

B which E; = ¢~#T:, E, = ¢~#T: and y(f) =e- Tt g4t g0 since A and T do
lnot comute in general [7]. The term P(0) is the intral value of P(f) at#=0.
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TRITIUM ACTIVITIES IN CLUJ-NAPOCA RAINFATLIL,

1. CHEREJI*

Recesved  November 27, 1986

ABSTRACT. — A brief account 1s given on the method of analyzing tritium abun-
dences from the samples collected 1in Cluj-Napoca between 1978—1984 The measure-
ment results point to seasonal vaniations of tritrum concentrations, with maxima in
summer, as well as to a recurrent trend towards the level extant before the first

thermonucleary weapon experiences

Results of the measurements for 1978 —84 period are presented.

A proportional gas counting method is used for the measurement of low-
level trntium activities Firstly, the water samples are distilled to dryness.
“Then an isotopic enrichment procedure by electrolysis 1s apllied. The electro-
1ytic cells (cathode of mild steel and anode of stainless steel) containing 250 ml
of 1% NaOH solution are operated at the same current intensity and tempera-
ture After an adequate chemical treatment [1] a protium-tritium separation
factor B of 11—12 is obtained. The separation factor is calculated from the
relation Ig 8 = 1,41g «, where the protium-deuternum separation factor « is
measured by mass-spectrometry When the electrolysis 1s over the samples
are neutralized with PbCl, [2] and redistilled.

Completely labelled ethane is used as internal gas sample for the propor-
tional counter. The ethane preparation consists of three steps [3] :

(1) preparation of acetylene

2H,0 + CaC, —» C,H, + Ca(OH),
(2) water hydrogen conversion at 600°C
H,0 + Mg - H, + MgO
(3) ethane synthesis in the presence of Pd catalyst
C.H, + 2H, » C,H,.

In this way all six hydrogen atoms of the filling gas molecule arise from the
active sample. The counting sensitivity of 05 1 counter filled at 1 atm is
about 1 cpm/TU (1 TU = 1078 T/H). With a multifilar guard counter [4]
operating in anticoincidence and by shielding with 2.5 cm Hg and 15 cm Pb
the background of the sample counter is about 2 cpm. ;

The block diagram of the electronic equipment is shown in Fig. 1.

The count-rate from the tritium channel, total main counter and guard
counter are printed every 20 minutes. In a total counting time of 24 hours

* Inststwie of Isotopwe and Molecular Techuology, 3400 Clus-Napoca, Romeama
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rC

PRINTE

Fig 1

the accuracy obtaimned 1s about 189, for a sample of 25 TU and up to 8%
for a sample of 50 TU.

The results of the measurements are represented in Fig 2
In the first two years (1978—79) the tritium activities were monthly measured

and then only once for each quarter of the year. From these data we may
conclude the following

Firstly, it 1s easy to see the well-known seasonal variation of the activi-

ties, the summer values corresponding to a greater transport rate of the rain-
falls.
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Secondly, the most 1mportant fact is that the mean values up to the begi-
ning of 1984 are tending to the natural concentrations measured before H-bomb
explosions in atmosphere
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A MICROPROCESSOR SYSTEM IN DIDACTIC PURPOSE

G. VARGA*, G. D. POPESCU*

ABSTRACT. — Getting familiarized with the functioning and world-wide use of micro-
processors 1s often ressented with necessity The paper presents a microsystem which
can be used i educational purpose As units to be used together with standard chips
of a pP system some easy to build and mterpret circuits are described

Within the last years the microprocessors have continued to be used in
the most varied fields of activity. As it has become a basic element in physics
too, 1n the automatization of data processing and in the work principle of
measuring and control apparatus, the microprocessor must be known by its
future users — the students Here we present a simple system made with the
aim of illustrating the functioning of the microprocessor.

As a centra] processing unit (CPU) the Z—80 microprocessor has been used,
one of the most widespread and performant of the day Its inner architecture
(Fig. 1) as well as 1ts functional features (soft and hardware) have been dealt
with in many books of which we note [1—G6]. In the works [7, 8] are described
some systems in didactic purposes, namely that of learning the functioning

£-80 uP

COMMAND DATA BUS @
£XD CONTROL DATA BUS
tails @ INTERNAL BUS (8 B1T) (COMTROL ™ (gBIT)
Il
1 1
W7 — INSTRUCTIONS VAL J [_ UAL
N — REGISTER CONTROL ;
HRER<— BYS GENERAL
{0RE <— SYNCHR. REQISTERS
RD <
RD_ SPECIAL
WR = REBISTERS
® | STATES | lInsTruct] linsTRuct| |REGISTER| |iNcR.BaCR.
CONTROL| | DECODIE| | DECOBIE | | CONTROL LOBIC
ADDRESS
]
WANT > REGISTERS
B e | MEMORY
BUsART cverz ' Ly
RESET 1 oonTROL ‘
AT «— ADRESS BUS
RFIH < ] (56 BIT)
Fig 1
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75
ADDRESS BUS ({8 BIT) 1 1]
{"' 'L“: :"— "1 RESET I HEMORY | {'—l/o-;’,
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P ounr 11 SIGNAL cruy r 1
i | 1 GENERATOR] e 1- oM | RAM Pi0  JliNTERFACE!
i _; L I R R L i
ST T[T | T 1 [ ) B
DATA BUS (8 BIT)
' 1

COMMAND AND CONTROL BUS (16 BIT)

o B

Fig 2

and usage of microprocessors, also made up with some other types of wP’s.
The possibilities of getting into interaction with Z—80 are marked in Fig. 1
with (@ (control and command bus), @ (data bus) and (3 (address bus).
Consequently we proposed and achieved the system in Fig 2 The commercia-
lized component units are marked with solid lines, that is Z—80 CPU, ROM,
RAM and PIO. With interrupted lines are delimited the functional umits of
own conception whose brief presentation is dome in the following lines. Figure
3 shows the display unit on which by help of some 7-segment LEDs the contents

DEMUX :
442 CHARACTERS:
— | [—
D 11t i)
O U R (0 I VR I e o T
[ ADDRESS DATA POKT DATA
l ‘ | I I
8-BIT COUNT. DEGSBIF. (ROM) ,
I 493 4188
] |
o I"< ? . '
» [ MUX ] Mux MUux M| Mux
t 4454 4481 | 411 4454
IRERERER TTT T PETTTTT IRERELER

|

TO THE DATA, ADDRESS AND PORT A DATA

BUSES

Fig 3
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of address and data buses can be read together with the data at Port A access
of the PIO The display 1s made m hexadecimal system (common in the yP
technique) with the characters pointed on the right side of the illustration.
The characters are formed by a ROM memory which supplies the missing seven-
segment to four bit driver 1n hexadecimal code The activation of one of the

lines of the command and control bus (M 1,_MREQ, IORQ,_WR, RD, INT,
BUSRQ, BUSAK, HAI/T, RFSH, WAIT, MS, I0S, COMP, RESET and

NMI) is put mto evidence by the lightming of a LED drived by a logic inverter.
The pext umt, presented in Fig 4, 1s used in order to generate the command

signals RESET, NMI, WAIT and the general clock signal ® The switching
of X, enables us to get over to a manual clock running, where the ® pulses
are generated by help of key K; The solution adopted for the clock generator
takes mto account the Z—80 pP feature of not permitting a longer period
than Z2ps for the zero level of the ® pulse The TEST selector makes 1t possible
to stop operation running at the appealing to some lines of command and con-
trol bus specified in the figure The STEP mode implies the waiting of the
microprocessor at each machine-cycle, a state out of which 1t could be taken
by the hand actioning of K; (In this case K, must have the automatic clock
position). The K; switch serves to keep the processor in the WAIT state

v

PRttt

¥

Fig 4
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when the selection of the TEST mode 1s made By actioning X, the RESET
line 1s activated, that is the imtialization of the processor An identic circuit
1s employed to generate the NMI signal The circuit with transistor at the
output of the clock generator serves for obtaining the pulse shape required
by the producer Fig 5 gives both the memory selection and allocation circutt

grom——
D Q¥
¢ B s
=1 REQUEST
a —1 INSERT
& ; Ir T
| PGRT B T4 LS ©
244 .
1 +
Z-80 ‘
PIO
C | [ M S
- 7418 ] [ 741S
: PORT A 245 1 244 ——
- - —— °
DATA BUS , DATA
TO PORT DISPLAY INSERT.

Fig 6
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and the arcuit for the selection of I/O chips The selection 1s thus orgamzed
that 1t should permit the usage of the whole assembly as a developing system.
By help of the K switch, inaccessible from the front pannel, the MONITOR
programm contamned 1 ROM can be allocated i any zone of the memory.
The K’ switch 1s meant to match the selection 1in the case of some different
memory capacities (1 — 16 kbyte) In Fig 6 we show a modality of achieving
an interface adapted to the pursued purpose It allows for introduction of data
and nstructions in the memories and in the system by the two ports of the
PIO The access through the interface 1s software-commanded by the MONITOR
programm At last, Fig 7 exhibits the scheme of a circuit attended to the
debugging of the hardware piogrammes

It must be mentioned the use in the presented system of the low-power
Schottky TTL 1n order to avoid overloading of basic circuitry The achieved
implementation enables the system to be interconnected to other wP systems.
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CRONICA :

A special meeting of the PHYSICS DE-’

PARTMENT, held on December 19, 1986,
was devoted to the presentation of the
recent results obtammed by the members
of the department
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I Barbur and M. Cnisan, Incommensurate
structures and solitons in the ferroelec-
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sonant states for transition metals from
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magnetic resonance,
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nuclear transition; '

V Ioncuy, G Cristea and E Tataru, Gene-
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spectra;
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Electronic device for the measurement
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tivity of the semiconductors;

P Cloard, Manometric membrane of sib-
con germanium,

D G Popescu and G Varga, Microproces-
sor device for educational purposes;

G Crnistea, NMR applications 1n medical
research,

C Cosma, Environement radicactivity mn
the last period,

T. Ihescu, Data on interactions and mole-
cular dynamics obtamned from the pro?i-
les of the Raman spectra; )

F Koch and S Koch, The use of pocket
computers for the simmulation of the
radioactive processes;
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