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ABSTRACT 

Branching ratios in hydrogen-like atoms due to  electricdipole transitions are tabulated for the 

initial principal and angular momentum quantum number n'L', and final principal and angular 

momentum quantum numbers nL. In Table 1, transition probabilites are given for transitions n'P' + n, 

where sums have been made with respect t o  P. In this table, 2 6 nf< 10, 0 6 2' < n'-I, and 

1 < n < n'-1. In addition, averages with respect t o  P' and sums with respect to  n, and lifetimes are 

given. 

In Table 11, branching ratios are given for transitions n'Pt-+n, where sums 3ve been made with 

respect to P. In these tables, 2 6 n'< 10 ,0  < P' 6 n'-1, and 1 6 n < nt-1. Averages with respect to 

P' are also given. 

In Table 111, branching ratios are given for transitions n'P'+nP, where 1 < n < 5, 0 6 P < n-1, 

n < n' 6 15, and 0 < P' < n,, where n, is the smaller of the two numbers n'-1 and 6. Averages with 

respect to P' are also given. 



I. INTRODUCTION 

Excited states of atoms tnd ions on formed frequently in labratoiy and astrophysical plasmas. 

The important processes leading to  the atomic excited states are the radi~,tive and dielectronic re- 

combinations in plasmas, electron capture by ions through the charge e)tchange collisions with 

atoms and ions, and collisional excitation of atoms and ions with electrons and heavy charged or 

neutral particles. The dominant transitions for cascading of thc excited states a n  the electric dipole 

transitions. It is convenient to have tables of values for the branching ratios for these transitions 

between the important initial and final levels. This tabulation is being done here for the case of the 

hydrogcn-like atoms. 

In Section I1 calculation of the branching ratios are formulated and in Section 111 thne tables 

are given. 

In Table I transition probabilities for a number of initially excited hydrogen-like atoms whose 

range of quantum numbers are described in the abstract are given. This table is an extension of a 

similar table given by Bethe and ~alpeter' , and is given here not for its novelty, but for its differences 

with similar tabulations. Related quantities, the squares of the radial integrals in the matrix ele- 

ments of the electric dipole moment for various transitions, have been tabulated extensively by 

Green, Rush, and  handler.^ However, these tabulations are for transitions of the type n1P'+ nQ, 

and various sums and averages with respect to n, P, and P' are not given. Similarly, Hiskes and 

~ a r t e 9  tabulate transition probabilities for transitions of the type n'Q1+ nQ and nlP'+ n. They also 

give lifetimes of various excited states nlQ' in graphical forms. As a result, some numbers given in 

Table I are repetitions of the numbers and graphs given by Hiskes and Tarter. 

Tables I1 and I11 are completely new, and give branching ratios between various transitions and 

their sums and averages. 



The values for the branching ratios for the low-lying level, cm d y  be obtained using the 
known valuea of the atomic electric dipole momenta for wioua tnndtiona. However, when the 
initial state b a highly exdted state, due to numerous ways that the electron cm lwch lower 
lewla, the calculation becomes cumbenome. Tables I1 and 111 deviate thh difficulty by tabulating 
branching ntioa between different excited ~tatsl. Table If giver branching ratios for tnndtiona of 
the type ntP'-* n, and avsrcrger with respect to P'. Table 111 gim branching ratios for transitions of 
the type n'P1-+ nQ, and averages with reapact to P'. The range of the quanhun numben covered ue 
given in the abstract. 

Tables presented in this paper arc for an isolated hydrogen-like atom free of any perturbations. 
However, states with high n values are very e&f y perturbed by small electrostatic fields, which split 
the n2-fold hydrogen-like degeneracy into a number of "Stark states" (first order Stark effect). 
This can drastically change the selection rules and branching ratios. Thus it is possible that the re- 
~ults ~reknted  here may correspond to a situation which is not realizable experimentally. In a 
forthco!ning paper, transition probabilities and branching ratios between Stark levels of hydrogen- 
like atoms are tabluated and prwated. 

11. FORMULATION 

The electric dipole transition probability for the initial and final states i and f is given by the 
Einstein's A coefficient:' 

where < i IL I f > is the electric dipole moment, A E/R, is the energy difference between the 
levels in rydberg, and a and a, arc the fine structure constant and the Bohr radius. For the case of 
the hydrogen-like atoms (1) reduces to 

x C l < n h 1 ~ 1 n ' ~ ' r n ' > l 2  
mm' 

where n'P' and nP represent the principal and angular momentum quantum numbers of the initial 
and final states, p is the reduced mass, and Z is the nuclear charge of the atom. m and m' are the 



magnetic quantum n u m k n  of the final and initial s ta ta ,  and I <  nQ m I U r 1 n'Qt m' > I ' ia the square 

of the electric dipole moment for the atomic hydrogen. 

The branching ratio due to the direct tmndtion between ntQ' imd n19, which we call KnQ, n'f'), k 

given by 

However, many transitions from n'Q' to  nll take place by the transient electron passing through 

the intermediate states n"Q" before reaching nL. Let us designate the branching ratio due to all 

possible transitions by (nP, n"P" ). Then if the values of (nll, n"Q" ) are known for all values 

of n "L" up to n" < n'-1, the value of & (nQ, n'Q' ) is obviously given by the following fonnula: 

Of usefulness are also the branching ratios obtained by averaging BT (nP, n'P' ) with respect to  

P' and summing with respect to P: 

In practice, for a given nP Equation (4) is used to calculate fiT (nQ, n'Q' ) for n' = n + 1, keeping 

in mind that & (nP, n + 111' ) = @(nP, n + 1P' ). Then (4) is used successively to obtain the total 

branching ratio for any desired n'11'. 



In evaluating & (dl, n 'a' ) the vducs of the dipde mornenb between n't' md nQ ur: neodsd. 

 ord don^ ham given a @nerd formula for the electric dipole moment matrices in termr of a h y p e  

pometric ttnction. An alternative delivation wil l  be &en below where thow matrlar are given in 

terms of finite rums over allpebmic expredons. 

For convenience let m and m' represent from now on the absolute values of the magnetic 

quantum numbers. This could be done nince the electric dipole moment is invariant with respect to 

the change of sign of m and m'. Using the expression for < nll m I exp (iq r ) 1 n'P' m'> , (Ref, S), 
h h 

we find with strrrightfomard algebra 

Niq) ['- 
'a- 1 

6 ( m )  <nhlnn ,m><n 'n ;mln 'P 'm> < n n , m ~ ; * ~ l n ' n ; m >  

where is an arbitrary vector, n 'nim and n nl m are the parabdic coordinate quantum numben of 

the initial a+ final states, < n n, m I nfm > are elements of the transformation matrix between 

the spherical and parabdic coordinates eigenstatcs. This matrix is related to the Wigner's 3j symbol, 

The relation was first discovered by park! and later rediscwered by ~ughes? and Barut and 

Kl~inert .~ It is given by 



Finally, 

p i -  

n, t n - m -  1 - n , , n ; - n ' - m -  1 - n i p  

Equations (7) to  (9) can tie combined with 

ICnQml - r In 'Q1m'>  I '  = 3 1 < n Q m l ~  * r  U l n ' ~ ' r n ' > ~ *  (10) 

to  obtain values of the square of the dipole moments neccssay for evaluation of A(nP, n'P' ). Thm, 

Eqs. (3) - (6) can be used t o  find values of fl(nP, n'P1 ), flT (nP,n'P1 1, & (nQ, n' ) and & (n, n' 1. 

It should be noted that while A (nQ, n'P' ) increases linearly with the reduced mass of the 

hydrogen-like atom under consideration and increases as the 4th power of Z with nspect to the 

nuclear charge 2, the branching ratios are independent of these parameters. 



111. RESULTS 

Rcmlb are dnn in Figuse I and Tablm I thrmgh 111. In Figurn 1, the branching ratios PI 

between the initill status n' 10, Y = 09, and the find statw n < n' u e  given u Rrnctions of n. To 

l o w  the vdation of 4 wnw n, i s  &own as a contjnuour h c i i o n  of n, although i t  has no 

meanin8 for n d n t e ~ r  vdws of r, 

It is interesting to  note that, except the case 1' - 0, the lu+r  the angular momentum, the 1- 

the branchiq ratio. This is consistent with the lifetimes of the excited s t a h  for different P' when, 

except for P' 0 case, the s t a b  with largest P' have longest lifetimes (Hiskes and ~ a r t c f i  and Table 

I). Physically what it means is that states with high P' values have fewer chmds  at their disposal 

for decay. and Uve longar. In particular, a state with P' n'-1 has a single channel for decay (cf. 

Ep. (I I)), and has the longest lifetime. Ihe  branching nth for all transitions to the ground state, 

exap t  the states with 8' - n' -1, are Jess than writy due to the metastable state 2s. 

In Tables 1-111 th: initial or the upper states arc designated by primed, and the final or the lower 

states are dcsignuted by unprimed letters. fn Table I transition probabilities arc given for the 

transitions ntP'+ n, when sums have been made with respect to P. The principal quantum number 

n' ranps from 2 to 10, and P' and n take 1 W r  podble values. Avera~s  with rcspect to P' 

are designated by "Mean". and sums with respect to n a n  detignaad by 'Total''. Similarly. the 

lifttine of each excited state n l '  or n' is given. 'IXc transition probabilities of an hydrogen-like 

atom with a rcduad mass p and an effective charge Z i s  obtained by multiplying the numbers given 

in Table I by a factor pZ) ,  in accordance with Eq. (2). 

In Table 11. the branching ratios for transitions n'P'+ n, when sum have k e n  made with 

respect to P, am given. Similarly. the transitions n'+ n designated by "Mean*', when averages m 

made with respect to  P', a n  given. Ranges of n'rP', and n e n  the same as in Table I. 



As is s e n  in the table, the branching ratios for transitions in which I' n' -1 A n  equd t o  unity. 

This is due to  the fact lhat if we assume n" = n'-I, and n"' = n"-I, then the state with II' = n'-1 can 

only decay into the state n" , !I" = n " -1, and then t o  the state n"' , I"' = n "' -1, etc, It follows 

that 

4 (ng, n'a' n' - 1) 6 (i?, n - l), (1 1) 

as it should be. 

In Tables 111 A through I11 0, the branching ratios for transitions n'Qf+ nP, and their averages 

with respect t o  P', a n  given. In these tables 1 < n 6 5,0  < P < n-1, n < n' < 15, and 0 < 9' < n,, 

here n, is the smaller of the two numbers n' -1 and 6. 

For the final states 9' where 6 < Q' < n'-1 for which the branching ratios arc not listed in the 

tables a crude estimate for the branching ratios could be obtained by interpolating the values of 

these ratios between values for 2' 6 given in the tables and 9' - n'-l given by (1 1). Similarly, the 

branching ratios for n' >IS can be crudely estimated by extrapolating the branching ratios for 

n '< IS. 

All the excited states of the hydrogen-like atoms decay by the electric dipole transitions except 

the 2s state. Then the sum of the branching ratios of an initial state to  the Is and 2s stat !s should be 

equal to unity, as is verified in the tables. 
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. 
n Lifetime 

1 2 3 4 5 Total (set) 

20 0.0 0 m 
21 6.27+8* 6.27+8 1.60-9 
Mean 4.70+8 

30 -b-- 0.0 
31 1.67+8 2.25+7 1.90+8 5.27-9 
32 0.0 6,47+7 6.47+7 1.55-8 
Mean 5.57+7 4.41M 1.00+8 1.00-8 

40 0.0 2 . 5 8 4  1.84M 4.42+7 2.26-7 
41 6.82+7 9 . 6 7 4  3.41M 8.13+7 1.23-8 
42 0. 2.06+7 7.04M 2.77+7 3.61-8 
43 0.0 0.0 1.38+7 1.38+7 7.25-8 

Mean 1.28+7 8 . 4 2 4  8.99M 3.02+7 3.31-8 
50 0.0 1 . 2 9 4  9.05% 6*45+6 2 . 8 4 4  3.52-7 
51 3.44+7 4 . 9 5 4  1.7948 9*26+6 4.21+7 2.38-8 
52 0.0 9 . 4 5 e  3.39M 1*54+6 1.44+7 6.96-8 
53 0.0 0.0 4.5448 2 . 5 9 4  7.13M 1.4007 
5 4 0.0 0, 0 0.0 4.26+6 4.2648 2.35-7 
Mean 4.13+6 2 . 5 3 4  2.2048 2.70+6 1.16+7 8.65-8 

60 0.0 7.3546 5*07+5 3*58* 2.68% 1 . 8 7 4  5,3507 
61 1.97+7 2 . 8 6 4  1.0348 5*40* 3.39% 2.4SW 4.08-8 
62 0.0 5.15+6 1.88M 8.84% 4,8@+5 8.4OH 1.19-7 

I 
63 0.0 0.0 2.1548 1*29+6 7,35+5 4 , 1 7 4  2.40-7 
64 0.0 0.0 0.0 1*37* 1,11+6 2 . 4 8 4  4.08-7 
65 0.0 0.0 0.0 0.0 1 . 6 5 4  1.65H 6.08-7 
Mean 1 . 6 5 4  9.74+5 7.79+5 7.72+5 1.03+6 5 . 2 1 4  1.93-7 

Table I 
Transition Probabilities in Atomic Hj'dtogsn in ac'' 

11 



Table I (continued) 

Lifetime 7 
n 

n1P' 1 2 3 4 5 6 7 8 Total (-1 

70 0.0 4.596 3.136 2.17+5 1 .626  1.27+5 1.28+6: 7.83-7 
71 1.24+7 1.806 6.49+5 3.37+5 2.12+5 1.49% 1.554-7 6.45-8 
72 0.0 3.136 1.15+6 5*456 3*10+5 1 .966  5.33* 1.88-7 1 73 0.0 0.0 1.21+6 7.3445 4.386 2. n+5 2.6546 3.77-8 
7 4 0.0 0.0 0.0 6.466 5.48+5 3.806 1.5746 60 35-7 
75 0.0 0.0 0.0 0.0 5.09+5 5.33% 1.04+6 9.60-7 
76 0.0 0.0 0.0 0.0 0.0 7.41% 7.416 1.35-6 

Mean 7.576 4.396 3.366 3.04% 3.256 4.566 2.62+6 3.82-7 
80 0.0 1.426 1.046 8.11+4 6.87+4 9.05+5 1-10-6 
81 8 ,266  1.206 3*066 1 2*07+5 4.34% 2.24+5 1.40+5 9.82+4 7.41M 1.044-7 9.59-8 
82 0.0 2.05+6 7.56+5 3.596 2.04+5 1,32+5 9.14+4 3.6046 2.70-7 
83 0.0 0.0 7.54+5 4.616 2.78+5 1.786 1.196 1.79+6 5.59-7 
84 0.0 0.0 0.0 3.646 3.146 2.28+5 1.58Yj 1.06+6 9.41-7 
85 0.0 0.0 0.0 0.0 2.3445 2.586 2.1045 7.02+5 1.42-6 
86 0.0 0.0 0.0 0.0 0.0 2,18+5 2.81+5 4.98+5 2.01-6 
87 0.0 0.0 0.0 0.0 0.0 0.0 3.73+5 3.7345 2.68-6 
Mean 3.87+5 2,226 1.65+5 1.43% 1.39+5 1.56+5 2.27% 1.44+6 6.35-7 

90 0.0 2.146 1.44+5 9.80- 7.10+4 5.45+4 4.41Y 3.6844 6.62+5 1.51-6 
91 5.7943 8,446 3 .046  1 .566  9.67+4 6.79- 5.0844 4.0344 7.3546 1.36-7 
92 0.0 1.426 5.24+5 2.49+5 1 .426  9.10+4 6.41+4 4.7644 2.54+6 3.94-7 
93 0.0 0.0 5.066 3.10+5 1.876 1 .216  8.28Y 5.8944 1.2746 7.90-7 
94 0.0 0.0 0.0 2.296 1.98+5 1.45+5 1.05+5 7.4844 7.5245 1.33-6 
95 0.0 0.0 0.0 0.0 1.30+5 1.466 1.25% 9.6044 4.9745 2.01-6 
96 0.0 0.0 0.0 0.0 0.0 9.68+4 1.32+5 1.2445 3.52+5 2.84-6 
97 0.0 0.0 0.0 0.0 0.0 0.0 1.04+5 1.5945 2.63+5 3.81-6 
9 8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.04+5 2.0445 4.91-6 

Mean 2.146 1.22% 8.91+4 7.46+4 6.91- 7.07- 8.2444 1.2345 8.45+5 1.18-6 





Table 11 
Branching Rations in Atomic Hydrogen for Transitions in 'P' + n and n' + n 

\ n 
n'l' 1 2 8 4 5 

20 0. 00 
21  1.00 

Mean 7.50-1 

30 1.00 1.00 
3 1  8.82-1 1.18-1 
38 1.00 1.00 

Mean 9.61-1 7.06-1 

40 9.51-1 6.33-1 4.16-1 
41 8.81-1 1.61-1 4.20-2 
42 9.70-1 7.76-1 2.54-1 
43 1.00 1.00 1.00 

Mem 9.65-1 7.50-1 5.50-1 

50 9.35-1 5.28-1 3.28-1 2.27-1 
51 8.81-1 1.75-1 5.09-2 2.20-2 
52 9.60-1 7.05-1 2.44-1 1.07-1 
53 9.89-1 9.19-1 7.30-1 8.63-1 
64 1 . 00-1 1.00 1.00 1.00 

Mean 9.72-1 8.00-1 6.33-1 4.95-1 

60 9.28-1 4.81-1 2.87-1 1.95-1 1.44-1 
61 8.82-1 1.81-1 5.49-1 2.47-2 1.38-2 
62 9.55-1 6.72-1 2.37-1 1. 08-1 5.82-2 
63 9*84-1 8.80-1 6.59-1 3.30-1 1.76-1 
64 9.95-1 9.64-1 8.79-1 7.16-1 4.46-1 
65 1.00 1.00 1.00 1.00 1.00 

Mean 9.77-1 8.40-1 6.95-1 5. n-1 4.64-1 
A A 



n 
n'l '\ 1 2 3 4 5 6 7 8 

70 9.24-1 4.50-1 2 , 6 4 1  1.76-1 1.88-1 9.91-2 
71 8.88-1 1.98-1 5.n-2 2.60-2 1.48-2 9.61-8 
73 9.52-1 6.64-1 2.82-1 1.07-1 5.M-8 3.67-2 
7a 9 .a-1  8.57-1 5. s5-1 3.10-1 1.73-1 1. 02-1 
74 9.m-1 @.a-1 8.19-1 0.18-1 3.98-1 2.41-1 
76 9.98-1 9.81-1 9.38-1 8.55-1 7.17-1 5.11-1 
76 1.00 1.00 1.00 1.00 1.00 L O O  

U 9.82-1 8.68-1 7.44-1 6.31-1 5.38-1 4.45-1 

80 9.21-1 4.40-1 2.50-1 1.64-1 1.1'7-1 9.05-2 7.26-2 
81 8.82-1 1.87-1 5.85-2 2.68-2 1.62-2 9.95-3 7.10-3 
82 9.51-1 6.43-1 2.29-1 1.06-1 5.99-2 3.73-2 2.64-2 
83 9.79-1 8. dQ-1 6.69-1 2.98-1 1.68-1 1.03-1 6.63-2 
84 9.91-1 9.30-1 7.85-1 5.69-1 3.61-1 2.81-1 1.48-1 
85 9.96-1 9.70-1 9.02-1 7.82-1 6.16-1 4.41-1 3.00-1 
86 9.99-1 9.90-1 9.66-1 9.18-1 8.40-1 7.25-1 6.63-1 
87 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Mean 9.85-1 9.91-1 7.82-1 6.80-1 5.86-1 6.06-1 4.32-1 

90 9.20-1 4.29-1 2.41-1 1.56-1 1.10-1 8.36-2 6.70-2 5.56-2 
91 8.82-1 1.89-1 5.94-2 2.73-2 1.55-2 1.01-2 7.21-3 5.49-3 
92 9.49-1 6.35-1 2.27-1 1.06-1 5.86-2 3.70-2 2.56-2 1.87-2 
93 9.77-1 8.34-1 5.53-1 2.89-1 1.64-1 1.01-1 6.72-2 4.65-2 
94 9.89-1 - 7.62-1 5.41-1 3.42-1 2.20-1 1.47-1 9.94-2 
95 9.95-1 9.62-1 8.78-1 7.39-1 5.64-1 4.01-1 2.81-1 1.93-1 
96 9.98-1 9.82-1 9.43-1 8.69-1 7.60-1 6.22-1 4.80-1 3.51-1 
97 9.99-1 9.94-1 9.79-1 9.50-1 9.03-1 8.33-1 7.36-1 6.06-1 
98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Mean 9.87-1 9.08-1 8.14-1 7.20-1 6.34-1 5.55-1 4.86-1 4.22-1 

I 
I 



n 
nOtO , 1 2 3 4 6 6 7 8 9 

100 9.19-1 4.21-1 2.34-1 1.60-1 1.06-1 7.89-2 6.24-2 5.17-2 4.40-2 
101 8.02-1 1.90-1 6.00-2 2.76-2 1.56-2 1.01-8 7.19-3 5.49-3 4.38-8 
102 9.49-1 6.30-1 2.26-1 1.06-1 5.84-2 3.67-2 2.63-2 1.87-2 1. 44-2 
103 9.78-1 8.28-1 5.48-1 2.84-1 1.61-1 9.97-8 6.65-2 4.73-2 3. a - 2  
104 9.88-1 9.14-1 7.47-1 5.22-1 3.30-1 2.18-1 1.48-1 1.00-1 7.11-2 
105 D.84-1 9.66-1 8.62-1 7.11-1 6.32-1 3.76-1 2,8591 1.89-1 1.34-1 
106 9.97-1 9.77-1 9.27-1 8.37-1 7.12-1 5.67-1 4.88-1 3.25-1 2.36-1 
107 9.99-1 9.89-1 9.64-1 9.18-1 8.46-1 7.48-1 6.31-1 5.19-1 8.97-1 
108 9.99-1 9.96-1 9.87-1 9.68-1 9.384 8.88-1 8.31-1 7.47-1 6,4001 
109 1.00 1.00 1.00 1.00 1.00 1.00 1. 00 1.00 1.00 

Mean 9.89-1 9.22-1 8.39-1 7.53-1 6.73-1 8.98-1 5.31-1 4. ?l-1 4.14-1 
C 



Tables 111. Branching ratios &I (d, n'L') and / 3 ~  (nIP, n') for 1< n < 5,0 < L < n-1, n < n' < 15, 
and 0 < IP' < n, where ns is the smaller of 6 and n'-1. 

1 2 3 4 5 6 Mean 

2 0.00 1.00 7.50-1 

3 1.00 8.82-1 1.00 9.61-1 

4 9.51-1 8.81-1 9.70-1 1.000 9.65-1 

5 9.35-1 8.81-1 9.60-1 9.89-1 1.000 9.72-1 

6 9.28-1 8.82-1 9.55-1 9.84-1 9.95-1 1.00 9.77-1 

7 9.24-1 8.82-1 9.52-1 9.81-1 9.92-1 9.98-1 1.0000 9.82-1 

8 9.21-1 8.82-1 9.51-1 9.79-1 9.91-1 9.96-1 9.99-1 9.85-1 

9 9.20-1 8.82-1 9.49-1 9.77-1 9.89-1 9.95-1 9.98-1 9.87-1 

10 9.19-1 8.82-1 9.49-1 9.76-1 9.88-1 9.94-1 9.97-1 9.89-1 

11 9.18-1 8.82-1 9.48-1 9.76-1 9.88-1 9.93-1 9.96-1 9.91-1 

12 9.17-1 8.82-1 9.48-1 9.75-1 9.87-1 9.93-1 9.96-1 9.92-1 

13 9.16-1 8.82-1 9.47-1 9.75-1 9.87-1 9.93-1 9.96-1 9.93-1 

14 9.16-1 8.82-1 9.47-1 9.75-1 9.87-1 9.92-1 9.96-1 9.94-1 

15 9.16-1 8.82-1 9.47-1 9.74-1 9.86-1 9.92-1 9.95-1 9.94-1 

"he fourth digit indicates the power o f  10 by which the entry should be raised. 



Table 111 B 
F i d  20 State 

- i 

0 1 2 3 4 5 6 Mean 

3 0.00 1.18-1 0.00 3.94-2 

4 4.92-2 1.19-1 3.01-2 0.00 3.48-2 

5 6.48-2 1.19-1 4.03-2 1.09-2 0.00 2.79-2 

6 7.20-2 1.18-1 4.61-2 1,6302 4.87-3 0.00 2.25-2 

7 7.60-2 1.18-1 4.78-2 1.94-2 7.70-3 2,4903 0.00 1.84-2 

8 7.85-2 1.18-1 4.95-2 2.13-2 9.49-3 4.08-3 1.40-3 1.63-2 

9 8.03-2 1.18-1 5.06-2 2.26-2 1.07-2 6.16-3 2.36-3 1.29-2 

10 8.16-2 1.18-1 5.14-2 2.35-2 1.16-2 5.94-3 3.04-3 1.10-2 

11 8.24-2 1.18-1 5.20-2 2.42-2 1.22-2 6.50-3 3.55-3 9.46-3 

12 8.31-2 1.18-1 5.24-2 2.47-2 1.27-2 6.94-3 3.93-3 8.24-3 

13 8.37-2 1.18-1 6.28-2 2.51-2 1.31-2 7.27-3 4.23-3 7.23-3 

1 4  8.41-2 1.18-1 5.30-2 2.54-2 1.34-2 7.54-3 4.46-3 6.40-3 

15 8.45-2 1.18-1 5.32-2 2.57-2 1.36-2 7.75-3 4.66-3 5.70-3 
& A . 



Table IIX C 
Final 2p S t r k  

- 

n ' \ 0 1 2 3 4 5 6 Mean 

3 1.00 0.00 1.00 6.67-1 

4 6.84-1 4.20-3 7.46-1 1.00 7.15-1 

5 4.64-1 5.61-2 6.65-1 9.08-1 1.00 7.72-1 

6 4.09-1 6.29-2 6.27-1 8.63-1 9.59-1 1.00 I 8.17-1 

7 3.80-1 6.68-2 6.06-1 8.38-1 9.35-1 9.79-1 1.00 8.50-1 

8 3.61-1 6.93-2 5.93-1 8.22-1 9.20-1 9.66-1 9.88-1 8.76-1 

9 3.49-1 7.10-2 5.85-1 8.12-1 9.10-1 9.56-1 9.80-1 8.95-1 

10 3.40-1 7.23-2 5.79-1 8.04-1 9.03-1 9.50-1 9.74-1 9.11-1 

11 3.33-1 7.33-2 5.74-1 7.99-1 8.98-1 9.45-1 9.70-1 9.23-1 

12 3.28-1 7.40-2 5.71-1 7.94-1 8.94-1 9.42-1 9.67-1 9.33-1 

13 3.24-1 7.46-2 5.68-1 7.91-1 8.91-1 9.39-1 9.64-1 9.41-1 

14 3.21-1 7.51-2 5.66-1 7.89-1 8.88-1 9.37-1 9.62-1 9.48-1 

15 3.18-1 7.55-2 5.65-1 7.87-1 8.86-1 9.35-1 9.61-1 9.53-1 



Tabla Rl D 
FinJSIBtmta 



Table m E 
Final Sp 8t.b 







Table III H 
FlW 4p 8trk 



Table III I 
Nnal4d State 



Table III J 
Mnal4f state 

1 2 3 4 5 6 Mean ' 

5 0.00 0.00 3.524 0.00 1.00 3.61-1 

6 0.00 1.38-5 2.564 3.34-3 5.54-1 1.00 4.45-1 

7 1.36-6 2.04-5 2.12-3 4.90-3 4.13-1 7.72-1 1.00 5.15-1 

8 2.72-6 2.43-5 1.90-3 5.83-3 3.48-1 6.61-1 8.72-1 5.75-1 

9 3.84-6 2.67-5 1.77-3 6.47-3 3.12-1 5.98-1 7.96-1 6.25-1 

10 4.75-6 2.85-5 1.69-3 6.95-3 2.89-1 5.58-1 7.48-1 6.67-1 

11 5.48-6 2.98-5 1.64-3 7.33-3 2.74-1 5.30-1 7.14-1 7.03-1 

12 6.07-6 3.08-5 1.60-3 7.64-3 2.63-1 5.11-1 6.91-1 7.34-1 

13 6.56-6 3.16-5 1.57-3 7.90-3 2.55-1 4.96-1 6.73-1 7.61-1 

14 6.97-6 3.23-5 1.55-3 8.12-3 2.49-1 4.85-1 6.59-1 7.84-1 

15 7.31-6 3.29-5 1.54-3 8.31-3 2.44-1 4.76-1 6.48-1 8.03-1 



Table III K 
Nnal 58 State 

1 2 3 4 5 6 Mean 

6 0.00 9.92-3 0.00 0.00 0.00 0.00 8.26-4 

7 9.82-4 1.03-2 3,174 0.00 0.00 0,OO 0.00 6.81-4 

8 1.63-3 1.03-2 5.414 1.95-5 0.00 0.00 0.00 5.52-4 

9 2.07-3 1.03-2 6.964 4.22-5 1.85-6 0.00 0.00 4.52-4 

10 2.38-3 1.02-2 8.08-4 6.30-5 4.62-6 2.40-7 0.00 3.764 



Table III L 
Final Sp State 

0 1 2 3 4 5 6 Mean 

6 1.44-1 0.00 5.35-2 0.00 0.00 0.00 1.14-2 

7 1.27-1 1.08-3 5.44-2 5.24-3 0.00 0.00 0.00 8.96-3 

8 1.15-1 1.79-3 5.38-2 8.52-3 7.584 0.00 0.00 7.12-3 

9 1.07-1 2.26-3 5.32-2 1.06-2 1.53-3 1.444 0.00 5.80-3 

10 1.02-1 2.59-3 5.26-2 1.20-2 2.17-3 3.294 3.37-5 4.81-3 

11 9.84-2 2.83-3 5.22-2 1.30-2 2.69-3 5.10-4 8.35-5 4.05-3 

12 9.55-2 3.02-3 5.19-2 1.38-2 3.10-3 6.724 1.37-4 3.46-3 

13 9.34-2 3.16-3 5.16-2 1.43-2 3.43-3 8.12-4 1.89-4 2.98-3 

14 9.16-2 3.27-3 5.14-2 1.47-2 3.70-3 9.32-4 2.374 2.60-3 

15 9.02-2 3.36-3 5.12-2 1.51-2 3.92-3 1.03-3 2.80-4 2.28-3 



Table III M 
Nnal Sd State 

5 6 Mean 

0.00 3.41-2 

0.00 0.00 3.13-2 

1.24-2 0.00 2.78.2 



Table III N 
Final Sf State 

Mean 



Table III 0 
Mnal 2g State 

Mean 

3.06-1 

3.76-1 

4.37-1 

4.92-1 

5.41-1 

5.83-1 

6.21-1 

6.54-1 

6.83-1 

7.09-1 
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