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INVESTIGATION OF THE DESORPTION OF DEUTERIUM FROM
THE TITANIUM SPONGE

JURAJ PIVARC, Bratislava

INTRODUCTION

In the past few years great attention has been paid to the desorption os
gases from the surface of various substances in the solid state. The authorf
of the articles dealing with the desorption chose, for the most part, such sub-
stances as absorption solids that the given gas only adsorbed. The purpose
of those papers was to confirm the theory of desorption worked out and treated
by various investigators and summarized and supplemented by P. A. Red-
head [1] and G. Carter [2, 3]. )

The aim of the present paper is to investigate the desorption from a substance
(Ti-sponge) which not only adsorbs, but also absorbs a given gas (Ds), to
determine the interval of activation energy from the deso rption of deuterium
from the Ti-sponge and to compare it with the corresponding energy values
for hydrogen measured in communication [4], and to find whether it is possible
to determine the desorption with the aid of the equation

Q.SA
5 = 702 ™ exp (— @/RT) (1)
e
for « = 1 or for = 2: where; n; — the number of atoms sorbed by the site
with energy @; in time ¢: ¥y — constant characterizing the vibration frequency
of the absorbed atoms along the normal to the absorbed surface: B — gas
constant: I' — temperature of the absorption solid sufrace.

Besides, the author also deduces the resolution of the technique used for
measuring the two sites @; and Q; 4+ AQ; from the discrete spectrum of activa-
tion energies in case one proceeds in the analysis of the spectrum from Eq. (1)
for = 1 or for x = 2. A similar relation for x = 1 was derived in paper [2].
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DESCRIPTION QF MEASURING EQUIPMENT

The equipment used for easuring the desorption curves is also employed
for the production of deuterium-titanium targets [5]. The functional diagram
of the equipment is to be seen in Fig. 1.

The equipment consists of ;

a) A high-vacuum pumping set, composed of a rotation pump — 1 and
a diffusion pump — 2, a trap — 3 cooled by liquefied nitrogen.

b) A regeneration flask — 11 ending in a ground joint jacket NZ 70, the
lower edge of the ground joint being ground-in forming with the flange of
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Fig. M Functional diagram of the equipment for measuring deuterium desorption from
the Ti-sponge. 1 — rotation pump, 2 — diffusion pump, 3 — trap, 4 — oil pressure-gauge,

5 — Dewar flask,16 — brass Hange, 7 — current reducers, 8 — current supplies, 9 —
target, 10 — target heating coil, 11 — regeneration flask, 12 — Penning gauge, 13 —
mereury pressure-gauge, 14 — deuterium tank, 15 — resistor pressure-gauge, 16 —

heating coil, 17 — current supply, 18 — Si-ampule with Ti-sponge, 19 — current reducers,
20 — Ti-absorption solid flask, 21 — brass flange, 22 — P05,

23 — electrolyzer, 24 —
washing-bottle.
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the flask closure — 6, via a rubber lining put in the groove of the flange,
a vacuum-tight joint. In the upper part of the flask a mercury or iol pres-
sure-gauge is joined to the vacuum system via a glass cock K 2 and a ground

“joint NZ 12. The glass cock K 2 permits to admit air into the regeneration

flask if the vacuum system is operated only via the glass cock K 1.

c¢) A Ti-absorption solid flask — 20, also ending in a glass ground joint
NZ 45, whose lower edge is ground-in so as to form a vacuum-tight joint
with the flange of the flask closure — 21 provided with a groove for the rubber
lining. In its upper part a Penning gauge — 12 of a combined vacuum meter
and a Pirani pressure-gauge — 15 are located.

d) A section formed of a system of glass cocks K 3, K 4, K 5, a needle valve
K 6, a deuterium tank — 14, and a deuterium purifier ending in a ground
joint NZ 35. The ground glass joint is filled with P205 — 22 by which the water
vapours of the admitted gas are absorbed. In the upper part of the tank
bulb a mercury pressure-gauge — 13 or a thermometer of s combined vacuum
meter is placed.

e) An electrolyzer — 23 composed of a glass cock K 7 and a washing bottle —
24 via which Oy passes during the D,0 electrolysis.

f) A Ti-absorption solid heating system. The Ti-absorption solid is heated
by radiant heat from an alternating current heated kanthal coil — 16. The
coils are fixed in two opposite points on a ceramic rod with the aid of a piece
.of tungsten wire, by a Ta strip arranged so that the contact points of the
coils with the Ta strip do not touch the ceramic rod directly. In the reverse
case, overheating of the coil occurs in the points of contact. Along the coil
of the heating system a silica ampule — 18 is placed, with a 2—3 g Ti-sponge
as absorption solid. The temperature of the sponge is measured with a Ni-NiCr
thermocouple via an opening made in its bottom part.

g) A target heating system arranged in the same way as the heating system
described in paragraph f).

Both heating systems permit to reach temperatures of the heating units
ranging between 600 and 800 °C

METHOD FOR MEASURING DESORPTION CURVES
AND RESULTS OF MEASUREMENTS

Before being put in the flask — 20, the Ti-sponge was left to corrode in
H>S04 heated to 80—90 °C for 4 to 5 minutes, whereupon it was washed in
two beakers with boiling distilled water and in two beakers with methyl
alcohol. After being dried on filter paper, the sponge was put in the Ti-ab-
sorption solid flask and after exhaustion of the entire desorption space to
a pressure of 1075—10-6 torr deaeration followed together with that of the
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entire heating system for 1.5 to 2 hours. Deaeration was performed so that
the pressure in the desorption space of the sponge did not exceed 5 x 10-5__
8 X 1075 torr. After deaeration, the heating of the Ti-sponge wag stopped

fied nitrogen. After this, deuterium was filled into the Ti-sponge space to the
required pressure (x 100—150 torr) from a tank — 14 Through the heat
from the kanthal coil of the heating system — 1¢ the sponge was heated in
the deuterium atmosphere to 500—600 °C, By reducing the heating current
of the coil the temperature of the sponge dimished through gradual natural
cooling to 25—50 °C. The cooling set, in only if the absorption of the sponge
at the given temperature stopped, i. e. if no change of the levels could be
observed on the oil or mercury pressure-gauge, respectively. The process

about 40 to 50 minutes, the pressure drop in the sorption space was measured.
From this pressure drop the deuterium atomic rate (i. e. concentration) of
the Ti-sponge was calculated from the relation

N = 4.27 Vy/n, . @)
where; m — weight of the saturated Ti-sponge in mg: V,, — amount of deute-

rium in cem of the saturated sponge and converted to normal conditions.

Vidp 273
760 273 4 ¢

[eem], (3)

where; ¥, — sorption volume of the Ti-sponge: dp — deuterium pressure

drop in the sorption space of the Ti-sponge after its saturation: ¢ — room
temperature,

nitrogen. Desorption was caused by heating the sponge to 500-—660 °C.
The procedure during heating was as follows: The temperature of 150 °C
was reached in about 3 minutes. A further temperature rise wag linear with
time. Every second the temperature of the Sponge rose by .5 °C. At g tempe-
rature of 550—600 °C, heating was stopped. The dependence of deuterium
pressure p in the desorption space of the Ti-sponge on time ¢ and temperature
7, which were measured, is illustrated in Figs. 2 and 3. The maximum error
In the measurements of pressure p was 5—10 %, while in the temperature
measurements it made 25 %> and in the time measurements .06—.3 9

Curves 1 and 1’ correspond to the desorption from a Ti-sponge of weight
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Fig. 2. Dependence of the pressure p
[torr] of the desorbed deuterium on the
temperature of the Ti-sponge T [°C]. 1 —
deuterium desorbed from a Ti-sponge
weighing m; = 1.8620 g and having the
deuterium atomic rate N; — 33; 2 —
deuterium desorbed from a Ti-sponge
weighing m» = 1.8620 g and having the
deuterium atomic rate Ny = .29; 3 —
deuterium desorbed’ from g Ti-sponge
weighing mg = 1.6596 g and having the
deuterium atomic rate N = .60.
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Fig. 3. Dependence of the pressure p
[torr] of the desorbed deuterium from the
Ti-sponge on time ¢ [minutes]. 1/ —
deuterium desorbed from s Ti-sponge
weighing m; = 1.8620 g and having the
deuterium atomic rate Ny = .33 28 —
deuterium desorbed from . a Ti-sponge
weighing ms = 1.8620 g and having the
deuterium atomic rate Ny = 29; 3 —
deuterium desorbed from a Ti-sponge
weighing mg = 1.6596 g and having the
deuterium atomic rate N3 — .69,

my = 1.8620 g and the deuterium -atomic rate N1 = .33: curves 2 and 2’
to the desorption from a Ti-sponge of weight ms = 1.8620 g and N, = .29,
and curves 3 and 3’ to the desorption from a Ti-sponge of woight mg — 1.6596¢
and N3 = .69. From the measured dependences p = P(t) the curves of the
desorption rate N/N,, — J@,T) were calculated, where N — - dn;/dt),
Nw = (— dny/dt), and T, — temperature at which the desorption nmao
is maximum. In the calculation we assumed that the duration of desorption
4t is longer in comparison with the characteristic pumping ﬁ.mgw 7 [1]. This
assumption was confirmed by our measurements; A¢ ~ 12 minutes, v ~ 2 -»
— At > 7. According to (1] it follows that N/N, ~ DlPmaz .
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Fig. 4. Dependence of the desorption rate Fig. 5. Dependence of the Cesorption rate

N/Np, [rate units] on the time ¢ [minutes], N/N,, [rate units] on. the time ¢ [minutes],

calculated from the pressure values plotted  calculated from the pressure values plotted
in Figs 2 (1) and 3 (1). in Figs 2 (2) and 3 (2).

In Fig. 4 the normalized desorption rate calculated from the pressure
values plotted in Fig. 2 (1) and Fig. 3 (1') is illustrated: in Fig. 5 the norma-

(2) and Fig. 3 (2"), while in Fig. 6 the normalized desorption rate calculated

1. No adsorption occurs in the desorption cycle in the very Ti-sponge,
2. sorption on the wall of the Ti-absorption solid flask is negligible,
3. sorption in the individual parts of the heating system is negligible.

RESULTS AND DISCUSSION

When elucidating the physical principle of desorption, we proceed from
the fact that the atoms of the sorbed gas in the sorbent bind a certain energy
@: given in keal/mol. This energy is called activation energy of sorption and
activation energy of desorption, respectively. The lowest value of this energy
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Fig. 6. Dependence of the desorption
rate N/N, [rate units] on the time ¢
[minutes], calculated from the pressure
values plotted in Figs 2 (3) and 3 3.
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for the lowest concentration of hydrogen sorbed in Tj is 19 kecal/mol [4].
With increasing hydrogen concentration, its value rises, but only in those
cases where the shape of the Tj crystal lattice corresponds to the a-phase [6].
In the Ti two-phase region the energy @; does not depend on the concentration.
The energy value in this region depends only on the temperature. With the
temperature rising it increases from 27 to 43 kealfmol. In the B region, its
value also rises with the temperature from 26 to 44 keal/mol. We may assume
that a similar range of values of binding energies holds also good for deuterium
sorbed in Ti. From the desorption curves illustrated in Figs 4 to 6 it follows
that the maximum amount of sorbed deuterium (~ 80 9) is desorbed in
the temperature range between 200 and 500 °C. The lowest temperature at
which desorption could be identified was thus 200 °C. To this temperature
there corresponds [1] — from the dependence (), — J(B: Tm), for g =1 °K/s —
an activation energy @, — 30 kecal/mol. To the temperature of 500 °C there
corresponds the value Q; — 47 keal/mol. From the course of the desorption
curves it is also evident that if for the temperature at which the maximum
derorption occurs we take the value of 331 °C, desorption from the deuterium-
saturated Ti-sponge can be determined by Eq. (1) for z = 1. From the measure-
ments it follows that maximum desorption occurs most probably at the tempe-
rature of 331 °C, ,

The spectrum of activation energy ¢; can be continuous or discrete, In
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the analysis of the desorption spectrum performed for the case of discrete
distribution of activation energies it is necessary to know the resolution
power of the measuring technique. According to [2], the value of this resolu-
tion can be characterized by the ration @/4Q;. For z = 1 (see Appendix I)
we have for the resolution value : :

@ 1 —36RK
A4Q; 3RK ~
for 2 = 2 (see Appendix II);

Q 1 —42RK
4Q;  42RK

where K — constant, K e (14.8; 18.5> °K mol/keal, for Be1: 1000> °K/s
(f =dT/at — heating rate).

If RK ~ 3 x 10~2, we obtain forz = 1 the valu 10.2 and for = 2 the value
6.9. For Q; = 40 keal/mol e. g., the difference between the sites we can distin-
guish is in the case of z = 1 3.9 keal/mol, and in the case of z — 2 it is
5.8 kcal/mo.

4Q; diminishes if RE and g, respectively, increase. To obtain a higher 4@,
between the sites, it is more advantageous to heat the sample on which the
desorption is tested with a low B rather than with a high one. From [1] it
follows that the value of the maximum desorption rate N is proportional
to . Diminution of B thus leads to a low desorption rate. In this case it is
necessary to measure the desorption with a more sensitive apparatus. In
order to be able to E@@mﬁ.@Lﬁw@\Q.wmowwmowﬂém‘Ed‘m&ﬂumwm\m:mmawnogmmm
between sensitivity and the desorption rate.

(4)

; (5)

CONCLUSION

deuterium (~ 80 %) is desorbed in a temperature range of 200 to 500 °C.
To this range correspond according to [1] from the dependence Q; — S8, Tw),
for # = 1°K/s activation energies of 30—47 keal /mol. From the course of
the desorption curves it can also be seen that if we take for the temperature,
at which the maximum desorption occurs, the value of 331 °C (from the measu-
rements it follows that the maximum desorption occurs most probably at
331 °C), the desorption from the deuterium-saturated Ti-sponge can be deter-
mined by Eq. (1) for z — 1.

242

Besides, the method of deducing the relations characterizing the resolution
power of the measuring technique for # — 1 and z — 2, is delt with. It has
been found that the relation for resolution, derived for z — | in communica-
tion [2], can be approached by introducing (1 — .8RK) instead of ~\5H in
Eq. (19a). From the relation for the resolution of the measuring technique
it follows that for Q; — 40 keal/mol and RK ~ 3 x 102 the difference between
the sites that can be resolved from each other is 3.9 keal/mol for z — 1, while
5.8 keal/mol for x = 2.

APPENDIX I

Let T, be the temperature at which the desorption rate N, — “1Np,
for a site with the energy Qi (maximum desorption rate being at temperature
Twm) and Ty and T, the corresponding temperatures for a site with the energy
Q: + 4Q;. According to Fig. 7, giving the typical dependences of the de-
sorption rate on temperature (on time), we get for the two energies ¢); and
@ + 4Qs;

(Te = Tm) + (T — To) < (T — T), (6a)

-

Fig. 7. Typical dependences of the de-
sorption rate on temperature and time,
for two desorption energies. Tp nad T
are temperatures at which the desorption
rate is maximum, while 7, and T., are
corresponding temperatures at which the
desorption rate drops to l/e part of the
maximum desorption rate.




or

N:as S E N:E\a. < N:S‘S“ avv
respectively.

Let ni be the total number of atoms sorbed by a site with the energy @;.
Then, through the integration of the left-hand side of Eq. (1) for z = 1 from
fio to ny, and of the right-hand side from Ty to T', we obtain for one energy
site @; and for 7' = 7T, + B¢, if we consider that (see [1])

T

Yo v\ch 5
M exp (— @/RT) dT = WQ‘ [T2 exp (— @i/RT) — TG exp (— Qi/RTy)], N
i

T,

the equation

dn; yoR
M«u = T YoNio exp{ — I\&«l hﬂ,.m €xp A’ Q«\.WNJ —

— T exp (— Qi/RTy)] exp (— Qi/RT).

Hence for the desorption rate at temperature 7', ;

e (— QJRT L
T = — yonexp (— Q, exp{ ———
a ). YoNip €Xp i/ 1£Tm) exp 50

X [Ty exp (— QJRTy) — T2 exp (— @:/RTo)]},
and at the temperature T,

/ Q\\S. A \ v ch -
T} T —vormoeexp (— @;/RT,) exp | — L~
at ), YoTio €Xp ¢) €Xp 0;

X [T exp (— Qi/RT's) — T2 exy (— Q/RT)]} .

Since (dny/dt), — e dni/dt)m, we get through substitution of the already
mentioned rates, neglection of T§ exp (— Qi/RT,) against T, exp (— Qi/RTy,),
and through logarithmic calculation upon adjustment;

; R
@ " Q; Y
RT, RT, 5Q:

(7% exp (— Q/RT.) — T2 exp (— Qi/RT)]
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respectively

;w %1% _ g Mm@ oxp (— QRTw) x
X A{(Te/Tm)? exp [(T},} — T;)Q./R] — 1. (8)
By solving Eq. (1) for the maximum desorption rate and for = 1, we obtain
Ty, exp (— Qi/RT'n) = Qif|Ry,. (9)

Through substitution into (8) and the introduction of substitution

2= (T, —T;)QR

and
(Te/Tm)? =~ (T7;} —T;Y 2T 4 1 = 2Twm 2RIQ; 4 1
we obtain
—2=2— (Tmz 2R|Q; + 1)ez. (10)
According to [1]
Tm = K@, (11)

for pe(1: 1000 °K/s.
Through substitution of (11) into (10) we obtain

—2z=2— (2RKz | 1)e,
or

2+ 2 = e (2RKz + 1), (12)
respectively.

R~ 2 x 103 kecal/°K mol: for X, if we take the value 15, RK ~ 3 x 10-2,
We may thus assume that 1> 2RK|z|.
Eq. (12) is then reduced to the equation

z 4 2 = e?,
through a graphical solution of which we may obtain the values of z,
Z71~ 4+ 12 and 253 —18.

Thus there exist two temperatures 7T, and T,, before and after temperature
Ty. Their values can be calculated from the following equation:

T,! — 7' = 1.2R/Q; and T,} —T;! = 1.8RJq,.
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From the equation for z and from the equation for T = T - ft we obtain:

Q (1) _ % Te—Tn_Q plten

~

R \Tpe R T R T
For the energy Q;:
Abem = 1.2RTZ[BQ; (13a)
and for the energy Q; 4- 4Q;;
Atre = 1.8RTIB(Q: + 4Q)). (13b)
Whence
Aiem + Atmee = (3@ + 1.84Q)RK2/B. (14)

Abwm can be derived from the equations for the maximum desorption rate
for sites with the energies @; and Q; + AQ;.
According to (9)

exp (— Qi/RTm) = pQi/yoRT;, , (15)
exp [— (@i + 4Q)[RTw] = p(@: + 4Q)[yoRT},.
Dividing the second equation by the first and considering that
(1 + AQQN T/ T} ~ exp (T Tm )2AQi/Qu],
we obtain through logarithmic calculation of both sides and after adjustment;
— (T = TR — AQRTm = (AQiQi)T | T). (16)

If instead of (T'w/T'w)? we introduce similarly as in the adjustment of Eq. (8)
the relation

(Tof T )2 & — 2T — T, 0T + 1,
we obtain through the adjustment of Eq. (16)
T — T = TulAQuQ) @ + RTw)(@ + 2RTmAQyQ),  (17a)
respectively
At = (EAQBNL + RK(L + AQQ)Y( + 2RKAQ Q).  (17h)

Through comparison of Egs (6), (14) and (17b) we obtain the expression for
the site of the resolution value @:/4Q; . Hence the following holds:

3RK + 1.8(4Qi/Q))RK + 6R2K2(AQi/Q;) + 3.6R2K2(AQi/Q;) =
= (4Qi/@:) + REK(AQi/Q: + RK(AQi[Q)?, (18a)
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respectively

RK(3.6RK — 1)(AQQu)? + (6R2K2 + SRK — 1)(AQi/Q:) + 3BK — 0. (18b)

The solution of the quadratic equation leads to two roots, one of which is

positive and the other one negative. For the discriminant of the Eq. (18b)
we can write

Dy = (6R?K? + SRK — 1> — 12R*K*3.6RK — 1).

Since 4Qi/@ >0, [/D; > (1 — 8RK — 6R®K?) and the term in (4Qi/Qq)?
is negative, i. e. RK(3.6RK — 1) < 0 for all values K e14.8; 1855 °K
mol/keal ;

@i/4Q: = 2RK(3.6RK — 1)/{— (6R2K? + 8RK — 1) —
— [(6B2K? 4- .8RK — 1)* — 12R?K*(3.6RK — 1)]/2}. (19a)

For RK ~ 3 x 107 we have |/D;= 9517 and (1 — .8RK) = 9760. If

instead of ﬁ\uiﬂ we introduce the expression (1 — .8RK ), we obtain for the
resolution :

@/4Q; = (1 — 3.6RK)/3RK. {19b)
The derived relation (19b) is identical with the relation (4).

APPENDIX IT

Similarly as in Appendix I, through integration of the left-hand side of
Eq. (1) for = 2 from 74 to n; and of the right-hand side from 7' to 7', for
one energy site ¢; and for T' = T4 + ft, we obtain if we consider the validity
of Eq. (7) and the equation for the maximum desorption rate in this case,
i e. equation Ny = nifQi/4RT?Z,

W@ _ 710 Qs

ds Q%mON@ :l Q«\M.mwxwﬁw - quwv“_ + A%\Nqﬁvm x

X exp [(Qi/2R)(T}} — T)]}=. (20)

From the identity (dn;/dt), = e~!(dny/dt)m and from the expressions for
(dny/dt)e and (dn;/dt)m derived from Eq. (20) we obtain through the intro-
duction of 7' T, and T - T,

et = d{exp [(— Q2R)(T;! — T5Y)] + (To/Twm)? exp [(Qy/2R) x
X (T} — T2,
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respectively
4e = exp (— 2/2) + (Te/T'w)? exp (2/2). (21)

Since (T¢/Twm)? = 2RKz + 1 and (TefTw)* ~ (2RKz + 1)2, we can rewrite
(21) in the form;

4e = 2(2RKz 4 1) 4 exp (— 2) + (2RKz 4 1)2 exp (2).

If 2RK|z| €1, we obtain after adjustment and introduction of the substi- i
tution y = e? ‘ “

Y2 — 2(2e — 1)y +1=0.
The solution of the quadratic equation leads to the roots
y1= (2e —1) + 2/efe — 1) » 8.7,
ye = (2e — 1) — 2|/efe — 1) ~ .12. i
Whence
nn=Iny ~ 21, {
zz=Iny ~ — 2.1.

Unlike in the preceding case, it is to be seen that the values 2z; and zzare
symmetrically distributed with respect to the zero point =.

Thence
@QJRYT;! —T;YY)=21 or — 2.1
and
Atem = 2ARTE[BQ::  Alwe = 2.1RTZ[B(Q; + 4Q;). i
Whence
Atem + Atmee = 2.1RK2(2Q; + AQy)/B. (22)

Abmem 1s derived from the equations for the maximum desorption rate for [

" sites with energies @; and @; + A4@Q;. For x = 2 we obtain through derivation
of Eq. (1) with respect to time, through annulment of the equation and upon

adjustment :
exp (— Qi/RTn) = (Qi/yoRT7)(B/mo), !

exp [— (@ + 4Q)/RTw] = [(Q + 4Q:)/»oRT71(Bln), '
where n, is the total number of atoms sorbed by the site @; + 4Q;. Let
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us assume that ni = n,y, dividing the second equation by the first and consi-
dering that

(1 + AQi/Qi)(Tm| Tw')* = exp [(AQu/@i)(Tm/T'm)?]

we obtain through logarithmic calculation of hoth sides an equation which
is identical with Eq. (17a). In this case (x = 2) the relation for At, .y, is identical
with relation (17b). Through comparison of Eqs (6), (22) and (17b) we obtain
the expression for the resolution value Q;/4Q;. Hence

2.1(2Q: + AQ) K2R = (KAQi/f) [1 + RK(1 + 4Qi/Qu)]/(1 + 2RKAQi/Qs),

or

4.2RK + 8.4R2K2AQi/Q; + 2.1RKAQQ; + 4.2R*E2(AQ(Qy)? —

= AQi/Qs + RKAQ:[Q: + RK(4Q:[Q:)?, (23a)
respectively
RK(4.2RK — 1)(4Q/Q:)? + (8.4R2K? + 1.1RK — 1) X
X (4Qi/Q;) + 4.2RK = 0. (23b)

The solution of the quadratic equation leads, similarly as in Appendix I,
to two roots, one of which is positive the other negative. For the discriminant
of Eq. (23b) we can write

Dy = (8.4R2K? 4 1.1RK — 1) — 16.8R2K*(4.2RK — 1).

Since 4Qi/Q; > 0, |/Dz > (1 — 1.1RK — 8.4R?K?) and the term in (4Q/Q:)?
is negative, i. e. RK(4¢.2RK — 1) < 0 for all values K € < 14.8: 18.5) °K
mol/keal, we can write

Qi/AQ; = 2RK(4.2RK — 1)/{ — (8.4R?K? + 1.1RK — 1) —
— [(8.4R2K? + 1.1RK — 1) — 16.8R2K*(4.2RK — 1)J1/2}.
For RK ~ 3 X 102 we have ._\Mulm = .9337 and (1 — L.1RK) = .9670. If we

introduce the expression (1 — 1.1RK) instead of _\b|~ for the resolution,
we obtain

@Qi/AQ; = (1 — 4.2RK)/4.2RK . (24)
The derived relation (24) is identical with relation (5).
The author would like to express his gratitude to Prof. 8. Veis, Mr. J. S4cha
and Mr. 8. Bederka for helpfull discussions.
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