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ABSTRACT

AN EXPERIMENTAL DETERMINATION OF THE DECAY ENERGY OF

BA131 anp TElll

The energy for the decay by electron capture of
Bal3l ang Te121 was measured. For BalBl, the ground state
energy difference between Bal3l and ¢sl3l was found to be
1160+8 Kev. This was determined by finding the decay ener-
gy to the 1046.5 Kev state by measuring the L to K-capture
ratio for the transition to that state. Log ft values are
glven for the different transitions. A value of 0.22%.03
was measured for theoLK/ (l+wkT) conversion coefficient
for the 123.7 Kev transition. The decay energy for the
decay to the 575 Kev state of Tel?l yas found to be greater
than approximately 400 Kev. Evidence is presented to show
that the 1130 Kev transition is in coincidence with a low
energy gamna-ray. It 1s also postulated that the 506 Kev

transition is to the ground state.
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I. INTRCDUCTION

A, BTATZEELT CF PROBLENM

Accorcding to nucleur systematics, the ground stute

4
energy difference between the two nuclei Bal3l .ng Csl’l

is about 1.7 kev. However, on the basis of recent log ft
measurenents, 1t is thought that the value for this energy
difference is too large (1). The present work has attempted
to mewsure the transition energy for the decay by electron
capture of Buldl to Csl3l, It was also observed thut no
experimental determincation of the decay energy of Tel2l nea
been made. Slnce the methods used for tae Ealdl pmeasurements
could e eusily udanted to Tel2l the estublishment of the Tel2l
to s5b1el trunsition energy was also made a part of this work.
The decay energles determine the forbiddenness of the
transitlions. Let the comparitive or reduced half-11fe be
defined as f(4E,4)t wiiere AE 1s the transition energy, Z is
the atomic nuuber, and t 1s the half-life. The function f
takes into account the efiects of trunsition energy, aid nuclewur
ciharge on the nalf-life. The ft product should be rougnly
constant for all transitions of the same degree of forbidden-

ness. For electron capture tne function is
£(8€,2) = L T (Nx 9P AEK" + N Y AE S+ )

7 1s the Dirac

(]

where n is tne number of electrons in the shell,
reusawl wave function, and AEg i§ the transition energy minus

the binding energy of the K electron (2). If capture of LII

and higher snhell electrons 1s neglected, f becomes
flag,2) = L1m (9P A€ + 9 A €u)

For 4<60, the function muy be further simplified by assum-



ing that (BEpLy - AEg)<<4Eg so that

fi= Tt (92+ gt )AES
or finally, log ft= logTh+ log 9. 4 loq()* N:/g2)+log A€+ og T
Thus by knowing AEg, 1, &1,1» and gg, it is possible to cal-
culate the log ft. Actually, the last three quantities are
available in the literature so that only a knowledge of the
transition energy 1s needed. The log ft values can be dil-

vided into the following groups (3):

TRANSITION PROBABILITY LOG ft SELECTION RULE PARITY CHANGE

super-allowed 3.5 AJ=0 no
allowed 5t1 AJ=0,138[=0 no
l-forbidden >6 AJ=0,13412=2 no
first forbidden Tl AJ=0,1 yes
second forbidden 13 AJ=2,3 no
third forbidden 18 AJ=3,4 yes

Thus by measuring the log ft for an electron capture decay,
it will be possible to assign a degree of forbilddenness to
its transition, which may in turn give information about

the spins and parities of the nuclear states involved.

B. THEORY OF ELECTRON CAPTURE
1. GENERAL
In general, in nuclear reactlons it is possible to 1g-
nore the electrons exlsting outside of the nucleus. How-
ever, in the process of electron capture, these electrons
play a major role. Here a nucleus decays by capturling an

atomic electron. This type of nuclear reaction can be char-



acteri.ed vy
P *~+ e’—» D'iv
2 - 2-t
wihere P and D are tire purent and cdau_hter nuclel, 1s a
neutrino, and Z and A are the atomic muss and number. In
tne sreclific case 1n which tne captured electron 1is from
the K snhell, the process is called K-cazture.

Electron capture competes with positron emissicn
when the mass of the parent atom 1s greater than the mass
of thie daugnter plus two electron rest masses. For lignt
nuclel, the energcy separation between stutes of neilzshboring
lsotars 1is usuwlly so large that positron wncd electron
capture decay are almost assured. On the otier hand, for
heuvy nuclides sauller zuss difierences tend to prohibit
positron decay. For very heavy lsotopes, alpna decay 1is
sometimes seen to compete with electron capture. 1In some
nuclei, K-cupture 1s eunergetically lagossivle. These
nuclel cun still exhibit L-capture, however.

The cupture produces & hole in tlhie electron shell.
Tris 15 soon filled by higher shell electrons dropring
down to fill trne vacuncy. X-rays «re eunitted which are
characteristic of the 1isotore. They cun be used to show

that an electron cupture has tiken pluce.

2. ELECTROL CaAPTURE EMERGY

a. MaAS33 DIF-LERENKCE



It 1s possible to measure the ground state energy dif-
ference between the the parent and daughter (ie., the tran-
sition energy) in several different ways. Probably the
most direct method would be to measure the atomic masgs dif-
ference 1n a mass spectrometer. In this method, the transi-
tion energy 1s gilven by

AE = M(2) - M(i‘))
where N{Z) and M(Z - 1) are the atomic masses in units of
mocg, of the parent and daughter, and AE 1s the transition

energy.
b. POSITRON END POINT ENERGY

A second method involves the measurement of the end
point of the positron spectrum for transitions between
known initial and final nuclear states. 1In this case, the
transition energy 1s given by (2)

AE= Wp + £4 +1
where Wb is the end point energy of the positron spectruam
In units of mocz, and E; 1s the binding energy of the ato-

mic electron that 1s ejected with the positron.
c. INTERNAL BREMSSTRAHLUNG

The capture process also results in an abrupt change
in the charge of the nucleus, decreasing it by one posi-
tive unit. Thils forces the nucleus to adjust its charge
distribution. When the atom thus alters its dipole moment

it can emit an x-ray photon which is called an internal
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bremgstrahlung photon. Thls radiation differs from the
radlation produced when a charged particle 1s accelerated,
the latter belng known as external bremsstrahlung.

The reaction energy in electron capture 1s shared
between a bremsstrahlung photon and a neutrino. Thus the
internal bremsstrahlung radiation produces a continuous
spectrum of energies. The upper energy limit, 1in units
of mpe2, 1is glven by (4)

Wp= ag + (I~ Ex]
where Wy 1s the upper 1limit of the bremsstrahlung, AE 1s
the transition energy, and (1 - EK) 1s the energy galned
in capturing a K electron (the rest mass energy minus the
binding energy of the electron). If the upper limit of
the bremsstrahlung can be determined, then 1t 1s possible
to calculate the transition energy from the above relation.

The energy distribution of the bremsstrahlung is (8)

N(W)d W = €(W) 5 g (wpmw) dw

where N(W)dw is the number of photons in the energy inter-
val between W and W+ dw, wp i1s the upper energy limit of
the photong,c is the fine structure constant, and C(W) 1is
a complicated function of W which, for small values of
W, can be considered a constant C. Thus Wp can be found
by making a Kurie type plot of (N/WC)% vs. W and locat-
ing the intersection of the plot with the W axils.

The ratio of the total number of bremsstrahlung pho-

tons to the numberﬂof K-captures 1s (4)
fN(W)/N‘_ dw = /g wp*
[%4



(@)

wnere L, 1s tre numver of K-cuptures. a gragh of thls
function vs. thne photon end point energy 1s given in Fig.
1. 3Since the rutio is proportional to ng, it will be
eusler to measure experimentally the transition energles

for K-captures of high W_..
g
d. L/K ELECTCL CaPTURE RATIO

In general, it is also possivle for a given nucleus
to capture electrons Irom one of the L sub-ghells 1nstead
of frou the K shell. It cun be ghown that the ratio of
the number of Ly-captures to tie number of K-cuptures can
be used to determline the decay ener_;y ol an electron

capture reaction. according to Rose (5), the ratio of

the probubilities of Ly to K-cupture is gilven by
Pz — (__*:_.‘ )1 &.’.)L
Px T« Ik
wnere 4y 1s the energy of the 1 neutrino, a 1s the exchance
correction, and ¢; is the Dirac rodial wave function of the
i shell, winose value can ve deterizined from the literuture (3).

The neutrino eaergy 1s glven by g=AE - E; wiere Ej is the 1

1
snell binding energy. The avove relations yieldAE as
AE = w where « = | PLt [dx \2
1= 4L Pk \9ux

A graph of this relation vs. the LI to X-capture rutio is
glven in Fig. 2. The variwuole u is determined from the
experiment.

II. EXPEZRIVELTAL SETUP

The first attempt to obtuln tne transition energy of
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Figure 1. Ratio of the number of bremsstrahlung photons
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9
131 involved the measurement of the endpoint of the
bremsstrahlung spectrum. The spectrum in coincidence with
a ground state gamma-ray transition was deslred. Fig. 3
is a block dilagram of the experimental arrangement used,
and Fig. 4 1s a simplified decay scheme of Bal3l (1).
Sodium iodide crystals, three inch by three inch diameter
were employed as detectors. The two crystals were mounted
on Dumont type 6363 photomultipliers. The pulses from
the phototubes were fed to cathode followers which drove
coaxlal cables connected to the amplifiers. A multichannel
pulse height analyzer recorded the results of the experi-
ment. As seen in Fig. 3, the pulses from each detector
were also used in a coincldence circuit., The cathode fol-
lower outputs were sent to Cosmlc Radiation Lab linear am-
plifiers. One of the signals was then passed through a sin-

gle channel analyzer to a Cosmic Lab Multlple Colncidence
Unit. The other slgnal went directly to the colncidence
unit. The single channel analyzer was adjusted so that

it allowed only the desired gamma-ray pulses to pass.

Thus the coincidence circult would gate the multichannel
analyzer so that it would record pulses only when a gamma-
ray of the desired energy was present.

By introducing an artificial delay in one branch of
the circuit, it was possible to record the accidental
colncidences. If the counting rates 1n the two detectors
are denoted by Ny and Ny, the accldental colncidence rate
1s given by 2TINjNpo where T 1s the resolving time of the

coincidence circuit (7). The individual counting rates



Figure 3. Zlock diagram of experimental arrangement for
measuring internal -bremsstrahlung spectrunm
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Figure 4. Simplified decay scheme for Bal3l,
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Ni are glven by Ny=Neps where N 1s the actual singles
caunt rate, e 1gs the efficlency of the detector for the
radiation of interest, p 1s the peak to total ratio,
and g8 1s the so0lild angle subtended by the detector. By
subtracting the spectrum of accidentals from the coin-
cidence spectrum, 1t 1s possible to obtaln the spectrum
of true coincidences. This corrected spectrum should con-
taln the internal bremsstrahlung spectrum. The results
of these experlments are presented in the next section.
The second attempt to measgsure the transition energy
involved the determination of the K to L capture ratio,
Essentlally the same experimental setup was used as in
Fig. 3, which was explained above. Since the spectrunm
in coincidence with an. x-ray was desired, a 6 millimeter
gsodium lodide crystal with a thin beryllium window was
used for the x-ray detector. This thin window was con-
slderably more efficlient in transmitting the low energy
x-rays than the aluminum window of the three inch crys-
tal employed in the bremsstrahlung measurementgs. The
results of the K to L ratio measurements were recorded
by a Nuclear Data Transistorized Multichannel Analyzer,
which proved to be highly stable with respect to gain and
zero level shifts. This property was used to advantage
on the long runs necessary to obtain reasonable statis-
tics in the coincidence spectrum.

131

The Ba~““was obtalned in the form of Ba(N03)p from

Oak Rldge Natlonal Laboratory. It was reactor produced
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from a sample of 23% enriched Bal30, By standard radilo-
chemical procedures, the BalBl was separated from Cesium
contaminants. The separated material was made into a
disk source of dlameter 0.6 cm., which was mounted in
the center of an aluminum holder of dimentions 6.5 by 9.0
cm.

The Tel2l was obtained from Brookhaven National Lab-
oratory where 1t was cyclotron produced. It was also pur-
ified by radiochemical procedures. The Tel?l yag deposited
on a 3.6 cm. long strip of gold foil, which was then mount-
ed on an aluminum holder as described above. This source
was allowed to age for about 12 half-lives to reduce the

amount of the 17 day actlvity which was 1initially present.



III. SXPERINELNTAL KESULTS
. 131
D

A. D

RESULTS

T T NranTo Y

Tt Lt et Tty ITITT A TV
1. INTERDIAL Cilckal3siRanilULG EXPERINZEILS

The first attexct to measure the decay energy of Balll
inveolved tre determination of the endpolint of the internal
bremsstruhlung spectrun in colncldence with a ground stute
transitlon. With reference to the decuy scheme in Fig. 4, it
was possible to use tie 1046.5, 619.5, or the 372.8 Kev
ground stute transitlons. If the transition energy to the
1045.5 Kev state 1s assumed to be of the order of 200 Kev,
then the graph in rig. 1 snows that the rutio of the nucber
of Dbremsstranliung pnotons to tne numver ol K-captures 1§ of
the order of 1cr5 for thils trunsition. For the other trunsi-
tions of 1interest tne ratio is of the order of 10'4. This
extrewely low procduction rate, cou:led with the fact thut
thhe photons would nhave an energy dlstribution, made the deter-
mination of the endpolnt izmposcsible. Data wecre tuken for
each of the ground state transltions rentioned above, but the

low energy portion of the bremsstrahlung spectrum was complete-
1y masked by second crder effects such as gamma-ray sumning

in the detectors. Absence of any high energy bremsstranlung
would tend to support the assumption of a decay energy consi-

derably less than tre 1.7 Mev postulated by systematlcs.
2. L/K CAPIURE R4TIOS

an attenpt was nmade to obtain tne decay energy by
finding the K to L capture ratio. If Py 1s the fraction
of electron captures that procecd by K-capture, wg is the

14
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K fluorescence yleld, sy 1s the detector solid angle, ey
1s the detector efficiency for K x-rays, Ng_x is the num-
ber of gamma-ray x-ray coincidences, and Ng is the num-

ber of gamma-rays detected, then
Na-k
N
where Pg 1s defined by the relation P
| - Nk + NL+Nut = 1+ A_.':i—

P\( NK P‘
Here N; 1s the number of captures to the 1 shell, a 1s the
i

exchange effect correction (8), and the factor A is to
account for capture by Ly and higher shells. Solving for

PLI/PK in terms of experimentally measurable quantities

o (NoSstnsx ) Lo
A ( Ng—k ! T

According to Brysk and Rose (6)
Pur _ (ﬁi‘_)l (Q_L_I.)L
AP = | 4« 9k

where g;; and gg are the Dirac radlal wave functions, and

—

q; 1ls the energy of the neutrino (AE - E;), where Ej 1s

the 1 shell binding energy. Thus the transitlon energy

can be obtained in terms of tabulated constants and exper-

imentally determined numbers. The results for Bal3l follow.
Fig. 5 1s the spectrum in coincidence with the Cesium

31.64 Kev K x-ray (with accidental coincidences removed)

and Fig. 6 1s a singles spectrum (with background removed)

corrected to the same time as the colincldence run. Both

spectra were analyzed by using standard "stripping" tech-

niques, beginning at the high energy end. The following

experlmental numbers were obtalned.

Ng-1046.5 = 6079 % §9 Niou6.5 = 360056 & 600
exSK = 0.026%,00> wy =0.876t,00%5
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The constant a is given by the relation®

a= 1+ H/z
A value of 1.07 was used. The decay energy to the 1046.5
Kev level by thls method was found to be 97425 Kev. Thus
the ground state energy difference between Bal3l ang csi3l
was found to be 1143#25 Kev.

It is apparent that certain errors will be introduced
because of the uncertainty in the fluorescence yield,de-
tector efficiency, and solid angle measurements. In many
cagses these errors can be eliminated. If the 1sotope has
two or more levels which decay to the ground state, it
may be possible to find PLI/PK ratios for both transitions.
According to Fig. 2, valid results may be obtained for
levels to which the transition energy 1s of the order of
500 Kev or less. By taking the ratio of these ratios, the
efficiencies, solid angle, and fluorescence yield cancel,

giving a more accurate experimental result. 1In this case
._EE'_ - Nk—l N:.
Pea = Ng-2 N,

where Pyq 1s the probabllity of K-capture to the first

state, and Pgp 1s the K-capture probability to the second

state. Thls can be solved to glve

(i&'x‘) ’ = [ ral (qu/gx)l{%“/‘kk)xl 'B ,
i aA(

% x Pxi /P gumk)l
from which the decay energy can be found by the relation

o) _ AQE - Eux

(?; ), T AE —Ek

*This relation is, strictly, only for Z<20. The val-
ue used was obtained by extrapolation.
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where the snell binding encrgles wre tubulated (3).
The 1046.5 Kev stzte was used as state 1 and the 61C.5
Kev stute wag used us stute 2. The expericental numbers
for the 612.5 stute are

L‘.K—619 .5 = 21488+150 N619;5 = 114878921050
The value of (qLI/qK)2 for capture to the 619.5 Kev state
was found to te 1.050 by successive approximations. This
gave a value of 1.390 for (qrjp/ag)y for capture to the
1046.5 Kev state. The decay energy to the 1046.5 level
by this method was found to be 113t 8 Kev. Thus the ground

1321 131

state energy difference between Ba and Cs was found

to be 11590r*8 Kev.

3+ CONVERSION COEFFICIENT MEASUREMENTS

It i1s possible for an excited nucleus to decay by not
emitting a ganma-ray photon. One such process 1s known
as internal conversion. Here, the energy of the excited
nucleus is transferrcd internally to an atomic electron,
which 1s ejected with the transferred energy minus the elec-
tron binding energy. The fraction of K electrons which are
converted, to the number of emitted gamma-rays 1s called
the K conversion coefficlent and 1s designateda . The
fraction of total transitions going by K converslon 1s
d‘K/ (1+ep) where d ¢ 1s the total conversion coefficient
@y=x+dt~ ). Following the emission of a K converslon
electron, a K x-ray may be emitted. These x-rays can pro-
duce coincidences with those gamma-rays which are 1n cas-

ce.de with the transition which 1s internally converted.
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Thus certain gamma-ray peaks may be enhanccd 1n the coin-

cidence spectrum. The number of coincidences will now be
d .

where the second term arises as a result of the conversion

Xx-rays. The above relation can be solved to yield
\$otT NT €k SkWk

The data teken in the previous section can be used to give
o,/ (ltotg) for the 123.7 Kev transition by finding the
enhancement of the 922.9 Kev gamma-ray peak which is in

coincidence with the 123.7 Kev transition. Thus

(o&k ) _ Nau.g-k - PK(;O%S)
1+T 132 Nqn" €k Sk Wy .

The following experimental data were used.
Ny _gp0.9 282755 Nooo. 7 =128675+360
eysSg = 0.021x.002 Px(1046.5) = 0.74to0.15

From these data, the fraction of K conversion electrons is

0.29 for the 123.7 Kev transition.

The number of 1046.5 coincidences is given by

 Ni-soues = Niovps @i Sk Pecioye. sy

By taking the quotient of this expression and the expres-

sion for the number of 922.9 Kev coincidences, the rela-

tion for the 123.7 Kev transition becomes
Sk — [ Nk~qarq  Niowes (P ) - P
(""dﬂ‘)(li.? - Nk-iove.s  Ngaar.q ) K (lowt.s) K{lo4e.5)
Thus the uncertalnties in the efficiencies, solid angle

and fluorescence yleld have been eliminated. The result
for thils method gives the fraction of K conversion elec-
trons for the 123.7 Kev transition as 0.22%.03. This
value 1s in good agreement with the value of 0.18%.04

which was found by Kelly and Horen (1) another way.



B. TElglRESULTS
The method of capture ratios to determine the energy of

decay by electron capture was applied to Telzl. The cor-
rected singles and coincidence spectra are given in Fig. 7,
and a tentative decay scheme in Fig. 8 (S). According to
this decay scheme, the 575 and 1130 Kev transitions are to
the ground state, Measurements were made using both of these
transitions. These data were obtained fot the 575 transition.

NK-575 = 1691011500 K575 = 426515012100 = 0.053

°k°k
From these data, a value of 0.12%,02 was obtained for P;1/Px.
As can be seen in rig. 2, this value falls on the flat por-
tion of the decay energy curve, hence the uncertainty in

the decay energy to the 575 Kev level is very large. At
vest, a lower limit (corresponding to Py1/Py=0.14) can be
established at about 400 Kev.

Examination of the spectra in rig. 7 1ndicated certailn
discrepancles 1in the tentative decay scheme., It can be seen
that the 506 Kev transition was not enhanced in K x-ray-gamna-
ray coinclidences relative to the 575 Kev transition, as
would be expected from the tentative decay scheme, Since the
70 Kev transition would be expected to be highly converted,
it can be concluded that the 506 Kev transition is to the
ground state,

Measurements witnh the 1130 Xev transition showed that it
is enhanced in coincidence. Thus it must be in coincidence
with a low energy (»30.5 Kev) highly converted transition.

All trese conclusions are incorporated in the proposed de-
cay scheme, Filg. Q.

21
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Figure 8. Tentative decay scheme for Tel21,
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Figure 9. Proposed decay scheme for Tel2l,
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IV, COIICLUSIOLS

For Ba13l, two values were obtained for the electron
capture decay energy to the 1046.5 Kev state by slightly
different methods. The results were O7*25 Kev and 113+§
Kev. These results agree quite well with the value of
117410 Kev which was recently reported for this transi-
tion by Robinson (10). Using my value of 113 Kev, the
following results were calculated for transitions to the
other states, and thelr respective log ft values. Ener-

gles are 1in Kev.

LEVEL DECAY ENERGY LOG ft
1046.5 113 6.1
696.5 463 7.7
61G.5 540 6.3
372.8 787 6.9
215.8 QL4 7.2

On the basls of systematics, no parity change 1s expected
for these transitions. Thus the log ft values found show
that all these transitions are { forbidden. This is in
agreement with what would be predicted on the basis of
available shell model states. Measurement of thedky/ (14 %q)
conversion coefficient for the 123.7 Kev transition gave
0.22t.03. This result agrees closely with the result of
Kelly and Horen (1) who obtained a value of 0.18%.04 from
conversion electron measurements. This tends to support

the results of the decay energy measurements of the pre-

<y
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sent work.
The decay energy for the decay by electron capture

of Te121 to the 575 Kev state was shown to be greater than
approximately 400 Kev. It was concluded that the 1130 Kev
transition 1s in colncidence with a highly converted low
energy gamna-ray of energy greater than 30.5 Kev. It was
also concluded that, since the 506 Kev transition was not
enhanced in coincidence relative to the 575 Kev transitilon,
the 506 Kev transition is to the ground state. The 70 Kev
transition is then from the 575 Kev level. These conclu-

sions are presented in a modified decay scheme.
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APPENDIX: ERROR ANALYSIS

A suxzary of the forrulae used 1n evaluating ti.e errors
of the various cuwntities ceasured in tnls work 1s included
in tnis section. Thne numerical values of tiese errors are
also included.,

By standard rules for co.ubining independent errors in
products and guotients (11), the error in PLI/PK is found

to be 2 3 AA
(Agf.) - @)y (38)

4P\* _ (aNv Y, ANy-k)"+ Aénix)l+ (wa)tf(d—i)l
(P Ny Ny-k €wik Wk A

The error in the elfficiency 1lncluded error in me.surenent

where

as well ags guoted error in the tabulated efficiencies for
al crystals. Errors in Wy and A wre «3 listed 1in tue
literzture (3). Tne error in tie sizngles and coincidence
totuls 1lnclude stutisticul countiig error, bu.ckground
subtruction error und « correctlon ror uncert.inty ia the
peuk suwas (area under the curves). Ey alternating true and
accldentul colincidence runs ol equcl lengtn, errors due to
tne uncertulnty of tire hualf-life wcre minirized. The error
in tie decuy energy is obtuined from

- PL! \ 1
AE = E"I‘_ﬁe" where "L’\/TK_ ('QT(.;)

Tne errors in t:.e nuicerutor «rnd denomninztor of AE are not
independent (11) so,

ACAE) = a (€Eux - U Ex) 4 M

METEPA

|-
<y . >
Here [_A (Eu- 4 Elnl = (A E;.IY‘ + E/.\(uEh)] where

E(::_:) :;(AEK)’;_(AM)I

Ex “
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|
and 1 2\ o
E(Wu) il [A(Pu:/rn‘)]
A (I—M) = -0l =- ( ﬂklgu] + 5 |- PL;/‘_PK

In tie second zetinod of determining tie decuy enerl’;, AE

is glven by the rel.ilon
AE = Eua - (%LI/%K\ E«
|- ($/4x)

Hence tiie error iIn A4AE 1s

A(8€) = A[Ewr ~ Gu/gEa] A ($3/%%),

wiere |"(1'Lt/gk)‘ + [l_’-(ql-t/f{x)ul
. )
=) = * Y+l
[a(&)] = o von <lm)
ard 2

(A )1: [A(%lel.r Elﬁ}l t A(%i)t
8 “ki/ka A (9s/9e)?

An o [AATr A(“iy]l
- [ [Tfﬁ)

>

"

A Al b dur\? L i’_‘:l' B

_YT ) [(7;] #A(%5) ¥ 4(‘1"‘)’«
/b (@30’ G

K= y_lgﬂ_ K, = Neao-k

N(oqb N‘lo
Tie nurerical results for =zll t.eze error terms are suiv..ri.ed

in the following tubles:

[w3ULTS FCR CATURE R.ATIO DETERMINATICH

. ANy AN, AbkSc Aw 44 ALy 4@k altajr) | aca)
Transition N \N"-K €a Sk e -—A\ Er deien \_“PLI/P,‘ W—
1046 .03 03 .05  ,0057 .05 .000( 02 Yo | .a35
AT 05 0k

RESULTS3 rCR RaTIO CF CafTULZ RATIC3 DETERMILATION

A4uig), Alk/k)  AA A(S/g)  Alfu/#0. A€ )a(4E)

Golge), (k) A izl 9 G- /4x) ke | AE

<28 .0§8 .05 .02 .02 .o00 [ .07
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