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TABLES OF HYDROGENIC PHOTOIONIZATION CROSS-SECTIONS
AND RECOMBINATION COEFFICIENTS

A. BURGESs

Summary

The cross-sections for photoionization of a hydrogenic atom or ion initially in the state #/ are
tabulated to 3 significant figures for n=1(1)20, /=0(1)n— 1 and a wide range of energies of the ejected
electron. The hydrogenic radiative recombination coeflicients for a Maxwellian distribution of electron
velocities are tabulated to 4 significant figures for n=1(1)20, /=0(1)z—1 and electron temperatures
T=o0to .

1. Introduction

A knowledge of the photoionization cross-sections and recombination coefficients of hydrogenic
atoms and ions is of importance in many problems of astrophysics and plasma physics, see e.g. Aller (1),
Seaton (2), Bates and Dalgarno (3) and Kolb and Griem (4). Closely related quantities also occur in
the problem of the atomic capture of mesons, see Martin (5).

One astrophysical problem of particular interest is the calculation of the intensities to be expected
in recombination spectra. For such calculations on the hydrogen recombination spectrum see Searle
(6), Burgess (7) and Pengelly (8). The hydrogenic recombination coeflicients are also of use in the
calculation of recombination spectra of more complex atoms and positive ions (see Burgess and
Seaton (9) and Pengelly (10)), since many of the excited states of the atom or ion are very close to
being hydrogenic.

The major difficulty in the determination of photoionization cross-sections and recombination
coefficients lies in the calculation of the electric dipole moment matrix elements for the bound-free
transitions #n/—kl'.  These matrix elements may be expressed exactly in closed analytic form (Gordon
(x1)), but the expressions are complicated and difficult to evaluate directly for some ranges of the
parameters due to cancellation, hence previous computations have usually either covered a fairly small
range of parameters (see e.g. Karzas and Latter (12)) or introduced some simplifying approximation
(sec e.g. (7)). Here we use a method involving simple recurrence relations satisfied by the exact matrix
elements which enable them to be evaluated rapidly and to high accuracy.

The photoionization cross-sections have been calculated for all levels nl with # <20 and for a wide
range of energies of the ejected electron. The corresponding recombination coefficients, for a
Maxwellian distribution of electron velocities, are tabulated for effectively the complete electron
temperature range o< 7'< oo, It should of course be understood that the results are not strictly valid
for T— o since relativistic effects are not taken into account. The range of levels, # < 20, which the
tabulations cover, was chosen to be the same as in the tables of bound-bound transition probabilities
given by Green, Rush and Chandler (13) which is the most complete tabulation to date. A tabulation
in terms of the separate orbital angular momentum states for # > 20 would be largely superfluous since,
in cases of physical interest, collisional transitions between the separate / states of a given # appear
to dominate in this region (Pengelly and Seaton (14)). For tables of the hydrogenic recombination
coefficients summed over /, see Seaton (15).

2. Photoionization cross-sections and recombination coefficients

We consider first the ionization, by photons of energy Zv, of a hydrogenic atom or ion initially in the
state specified by the principal quantum number # and orbital angular momentum quantum number /.
The ejected electron energy &% in units of the ionization energy of hydrogen Iy is given by the energy
conservation condition /v = (22/n®+ k?)Iy;, where z is the nuclear charge number. For an ensemble of
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such systems, the number of ionizations per unit volume per unit time is F,d(hv)N,a,,(k?) where
N, is the number density of absorbing atoms or ions in state nl, F,d(hv) is the flux of photons in
the incident beam having energy lying between ~vand v + d(hv), and where a,,(k?) is the photoionization
cross-section which for a hydrogenic atom or ion may be written in the form (see Burgess and

Seaton (16))

an,(k2)=<"ﬂa>n—2 S 0w, (1)

3 /22141
where :
O, 1, 1) = (1 + 123 g (1,15, 1P (2)
with
2 o0
gl 0) = 5 | Pu(rrFur) dr, (3)
0

and where [’ is the orbital angular momentum quantum number of the ejected electron, I_ is the greater
of land I', k is &/, « is the fine structure constant and a, is the Bohr radius. In (3), P,;(v) and Fy(r)
are respectively the initial and final radial wave functions of the electron, which satisfy

[ 22 T (R “

and are normalized such that

Pnl(r)P'n’l(r)dr=8mz' (5)

oft——s38

and
| FuFatr) dr=mpae— 2, (6)
0
In (1) we have (4mua?/3)~8-5594 x 10*cm?. The photoionization cross-section is sometimes

expressed in terms of the bound-free oscillator strength df (k,#)/d(k®) or the bound-free Kramers—
Gaunt factor gi;(n,«x). We have the relationships

(k) =4w2aa§%’ (7)
2l+1 _b4maad n gr(n, )
EI( n? > anl(kZ)_ 3'\/502—2 (I +ﬂ2kt2)3 . (8)

Next, we consider radiative recombination to level #/ of a hydrogenic atom or ion. The number
of such recombinations per unit volume per unit time is given by N,V «,, where IV, and [V, are the
number densities of the electrons and recombining ions respectively, and where «,; is the recom-
bination coefficient. With a Maxwellian distribution of velocities corresponding to a temperature
T°K, we have (see (9))

12,82 12
anl=<M>zy_2z z I(n,l,ll,t), (9)
3 ne o p<ix1
where
In, L1, t)=1 y f (1 4+ 72220 (n, I c, I')e—vd(i?) (10)
0
and
22Rhe 15478
_Rie 15789, (11)
with
t="T[10%2 (12)
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Tables of hydrogenic photoionization cross-sections and recombination coefficients 3
and where R is the Rydberg wave number and k& is Boltzmann’s constant. In (9) we have
(2mY2ata2c[3) ~2-8128 x 10715 cm3sec™.
For convenient tabulation we define the function

O, LI, ty=I(n,,l't), t<1

=tI(n,L,I',t), t>1 (13)
which has the property that it remains finite for all ¢. In particular
O, LI, 0y=1_ |g(n,1;0,l)2 (14)
and
O(n, LI, 0)=15789 L f (1 + ntPg(n, 1; i, )2 d(i2). (15)
0

3. Bound-free dipole matrix elements

We require to evaluate the dipole radial integrals (3). Writing

p=2zr (16)
2., (P)=2_1£2Pnl(7) (17)
T alp) =312 (r), (18)
we see that
@& U+x) 2, (=i (2]
l:d—P2 Pt +5+{ K® ] Z o)) ~° (19)
| 2.4002,0)dp =5, (20)
0
[ 7 i) 7 i) do= (=), (21)
0
and thus &,,(p), F ,(p) and
N . \
gl 1) = 5 [ Pulo) 7 ulo) dp (22)
0
do not explicitly depend on 3. We may in fact write explicitly (x1)
(n-i—l)' 2p I+1  g—oln . ) ff
2.(p)= /\/———(n =11 ———(2“_1)’1 I+1—m;2l+2; - (23)
and
7
?Kz(P)=JW 1;[ (x sy 22N ( l ), e\ Fy(l+1—ifw; 20425 —2ikp). (24)

N.B. The bound state radial functions, and hence g(%,[; «, "), differ by a phase factor (—1)"~'~! from
those used in (16). This phase is convenient for present purposes (i.e. integer values of 1) since
g(n,I; k,1") then turns out to be always positive.

The integral (22) may be evaluated by choosing suitable integral representations for the confluent
hypergeometric functions in (23) and (24), changing the order of integration to perform the integration
over p first, and then expressing the resulting integral in terms of hypergeometric functions. The result
has been given by several authors, notably Gordon (x1), Biedenharn, McHale and Thaler (17) and
Alder and Winther (z8).
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After simplifying, we have

7
gl e, I'=1+ 1)=\/7T (n+1)! T (1+5%32)
§=0

2(n—I—1)(1—e2r

2
n \l.+1%P l:-- Earctan (nK):I
X 4 Y (25)
I+ n2? 4n?(2l + 1)! =
where
et .
V. e (A D o] . AT
L= <n—|—i17> [2F1<Z+I myl—in; 214 2; n—in)?
_ (n+in\? _ iy sl — 4min 6
<n—in> 2F1<Z+I nl+1—in; 2042, (n—z'n)2>:| (26)
and
i\ n—l—1 ¥
y_= (221 Fy(l—t—n l—in: 2l: =40
_ <n+i77> [2 Wil—1—n,l—in; 2l; i)
_ (ntm)? T o], 4T
<n—i77> 2F1<z+1 0, I—in; 2, (n—in)2>:| (27)
with n=1/k.

Since the hypergeometric series involved in equations (26) and (27) terminate after a finite number
of terms, all the required g(n,/; «,1') could be calculated from (25) directly. However, this procedure
is not suitable in general, because of the large number of terms occurring in the series when n—1[ is
large; also, for some ranges of the parameters, there is gross cancellation between the terms of the
series (see below). The following alternative procedure was adopted.

We note that for given z and «, the following recurrence relations connect matrix elements having
different values of / (see (17), (18)),

2ny/ [ = (1= 1)1+ Pe®] g(n, 1 — 25 w,]— 1) = [4n2 — 412+ (2] — 1)(1 +#2?)]

xg(n,l—1; i, l)—2ny/[m2 = B][1 + (I+ 1)%2]g(n, [; &, [+ 1), (28)
2ny/[n? = Bl[1+ (I—-12] g(n, 1 — 15 i, 1= 2) = [4n2 — 412 + 120+ 1) (1 + n2x?)]
xg(n, 1 ke, I—1)—2ma/ [0 — (I+1)2][1 + 2] g(n, 4+ 1 ; 1, ]). (29)

Also, we note that when /~#, only a small number of terms occur in the hypergeometric series in (26)
(27). In particular, when /=n—1, n—2 the expressions (25) to (27) simplify to give

gn,n—1; o, 1Z)=\/5(21;TT)! 4 (4n)re=2n, (30)

7

TT (1 +s22)

. _ s=1 exp [2n—2«~larctan (nx)] '
gmyn—1; k,n)= . o e g(n,n—1; o,n), (31)
gmn—2;kc,n—1)=4y/(2n—1)(1 + 223 g(n,n—1; K, 1), (32)
. I 1+n%? )
g(”»n‘l,'ﬂ”—z)—% mg(’%n—l,'ﬂ”): (33)
. _n_4t—1)(1+n%?) [ 2n—1 . _
gmyn—2; kK,n—3) ™ - (72_2)2K2g(n,n I, k,n—2). (34)
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Equations (28) to (34) completely define the set of matrix elements required.
A set of equations alternative to (28) to (34) which in many respects is more convenient may be
obtained by putting

gl k1= \/( (n+l)1)' : (1 +5%2) (2n)—"G(n,l; «,1") (35)

and obtaining equations analogous to (30) to (34) defining G(n,[; «,I') for I=n—1,n—2. The
quantities G(n,[;«,l") then satisfy the recurrence relations

G(n,l—2; k,l—1)=[4n2— 42+ (2] - 1)(1 + n?*)|G(n, [ —1; &, ])

— 4?2 —P)[1+ (I+1)2%2)G(n, [; , [+ 1), (36)
G(n,l—1; k,l=2)=[4n>— 4P+ 1(2l+1)(1 + )]G (1, [; &, — 1)
—qn?[n? = (I+ 1)2][1 + 222G (n, 1+ 1; &, [). (37)

Since repeated use of (36) and (37) obviously does not involve division or the evaluation of square roots,
this scheme is very suitable for fast computing. The only drawback is that, for large #, severe scaling
problems may arise due to the very rapid variation of G(n,[; «,!") with L

4. Computational details

(1) Photoionization cross-sections.—The matrix elements g(n, [; «, ") were generated, for n=1(1)20,
I=o(1)n—1,I"=1% 1 and n%* =0 to 40-96 at convenient intervals, by applying the above equations in the
following manner. (For convenience we describe the procedure in terms of the set of equations (28)
to (34) throughout; it is obviously analogous if the set defining the quantities G(n,[; «,1") is used
instead.) First n was fixed, « set equal to o, and (30), (32), (33) and (34) used to calculate g for the two
largest possible values of [, i.e. (n—1) and (n—2); then (28) and (29) were apphed repea‘redly to obtain
g for smaller values of I.  Keeping  fixed, « was then varied and the calculation repeated, this time using
equations (31) to (34) then (28) and (29) repeatedly as before. Finally the whole procedure was
repeated for different values of #.

(ii) Recombination coefficients.—The form of the integrals (10) would immediately suggest the use of
the Gauss-Laguerre method for their evaluation. However, this method would require a fresh calcu-
lation of all the matrix elements g(#,[; «,!") for each value of ¢; so that, since a large range of values of
temperature was to be covered, the less powerful Newton-Coates method was used.

The values of ¢ used in the tabulation were chosen to be powers of 2 (¢ =27, with p= —6(1)6) since
this enables a large temperature range to be covered and greatly reduces the number of exponentials which
need be calculated in evaluating (10).

Examination of Table I shows that the integrand in (10) is always monotonically decreasing (approxi-
mately exponentially, except for ¢ = o) so that it is desirable successively to increase the interval in «2
as «? increases. Using the scheme described above for the evaluation of the quantities g(n,/; «,1'),
the integrals were evaluated for the following values of «*: «k2=o(h)4h(2h)12h(4h)28h. .. 2’”/’)Kma\,
where «2  =4h(2™t1—1). A five point integration formula (Boole’s Rule; see Buckingham (19))
was used over each sub-range «*=o0(k)4h, k2 =4h(2h)12h etc. The starting interval /# and the range

K2 . Which may vary with » but not with /, were chosen to ensure adequate convergence and accuracy
of the integrals. The integrands decrease most rapidly for large / and small z‘(# 0), so /» was chosen to
be sufficiently small to give the desired accuracy in this region. Similarly, «? Ko WS chosen sufficiently
large to ensure sufficient convergence in the most slowly decreasing case, i.e. [=o0, ¢ large (s o).
Aiming for at least four-figure accuracy, the values finally adopted were: Z=o0-00025/n; m =26 for
n=1, m=25 for n=2, m=24 for n=3,4, m=23 for n=5,6...9, m=22 for n=10,11...16, m=21
for n=17,18...20.

Due to the very slow convergence, the case of / small, ¢ = cc required special consideration. Exami-
nation of equations (28) to (34) shows that in equation (15) the integrand ~ («*)~'-32when k— . The
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range of integration for #= oo was therefore extrapolated by fitting the integrand to a series of the form
A [k¥+8 4 Ay [kB 4+ ... This form appears to give a very good fit; in all cases two terms proved
sufficient.

5. Description of tables
In Table I we give the quantity ©(N, L; «, L") (see (2)) asa functionof N, L, L' = L + 1 and X, where
X=N%2
In Table IT we give the quantity ®(N, L, L', ) (see (13)).
The values of ® and @ are given in the usual floating point decimal form, e.g. 5°4395, — 4 denotes
0'00054395-

6. Checks and ervor estimates

(i) Tablel.—Eachindividualstep of the calculation wascarried out to an accuracy of about 8 significant
figures so that the values of g for [=n—1, n—2 (equations (30) to (34)) should be accurate to about 7
significant figures. Extensive checks by hand computation showed this to be the case.

The main source of error lies in the repeated use of the recurrence relations (28) and (29) (or (36) and
(37)). All the values of g are positive, so that the danger lies in loss of significant figures due to cancel-
lation between the terms on the right-hand side of (28) and (29). The rate of build up of error with
this type of recurrence relation depends essentially on the rate of increase (or decrease) of the terms
as we go along the sequence. If the terms increase rapidly in the direction in which the sequence of
terms is obtained then the error involved will be small, and vice versa. Inour case the sequence operates
in the direction /[=n—1,#—2,...2,1,0. By referring to Table I it is seen that for small # the terms
increase along the sequence, while for larger # they increase very rapidly at first, continue to increase
over the major part of the sequence and then vary slowly over the last part. Also, the rate of increase
is greater when « is larger. We would thus expect that for the region of large n, small / and small «,
there would be small but appreciable build up of error, while outside this region the error should be
negligible. Thus in addition to carrying out the usual random spot checks it is necessary to make
careful independent checks for the region nx 20, [~ o0, kxo.

Random spot checks were carried out by evaluating g directly from equations (25) to (27)*.
Equations (26) and (27) were first cast into the following form which is more convenient for computation :

_f 1Hink \"1 4m x(n—Il-1) .
Y+—<—_—> I—{2n+ zl+3 [27— 1 +n(2]+ 3)ix]

—I+41ink

21+ 3 g ?f [2n p+1z(zl+2+p)z;<]}_j:2|: oty :I}’ (38)
_f 1Hime \* 2 4n I x(1+h':<) T
I+ lik 2! (m—I+1—g)[1+ (I+g—1)ix]
e pz"l‘" el p+PmK)H[ 2l+¢ ] (39)
where x= — 4n/(1 + nir)?.

These spot calculations checked with the tables to within less than one in the fifth significant figure
except for the region of nlarge, /smalland ksmall. Inthis region severe cancellation occurs in evaluating
the series in (38) and (39) so that the spot calculations are no longer sufficiently accurate. We are thus
left solely with the problem of checking the table in this special region.

* Since the preparation of these tables, calculations by Karzas and Latter (12) have been published. Their
tables cover the range # <6 of the present Table I. Their method of computation is essentially equivalent to the
use of equations (25) to (27) cast into real form.
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For this region of 7~ 20, [~ 0, k>0 two independent checks were carried out. (@) If we put k=0
in equations (38) and (39) all the terms become real and we have

v (K:O):(_I)n—lwlé}n{zﬁ_{_ (n=1=1)(—4n)(2n—1)

o (2l+3)
Vemoy= (—apore iy G2
@ g e St W)

To overcome the difficulty of cancellation, (40) and (41) were calculated using double-length arithmetic
(i.e. ~ 17 significant figure accuracy for each separate operation). Comparison of these double-length
caleulations with the single length check calculations shows that the double-length calculations should
finally be accurate to about 8 significant figures. These checks show that for nx 20, [z 0, k¥ 0 the table
is in error by less than 4 in the sixth significant figure. (&) It is precisely in this region that the asymp-
totic expansions (7)

1+1 1j2
IT (1 +46%3)
g1 1+ 1)~ 163479 | AZh | U1 k)5
L Tl =577
§=0
{1+ 0172824 + 51+ n262(51+ 6)1(1 +n22) "Hn =2+ O(n—2)}, (42)
L 12
1T 1 =52
g(n1; k,l—1)~ 163479 | 3= nY8(1 4 n2k?) =53
TT (1+5%%)
§=0
x {1—017282[5+ 1 +123(50 — 1)](1 + 2% 22+ O(n—2)} (43)

are valid. Insufficient terms of the asymptotic series are available to enable the table to be checked to
full accuracy. However, it is satisfying, since this is an entirely independent check, that the table agrees
with the asymptotic series to within the error to be expected in the latter. For example, for #=20,
=0, k ~ o the two agree to within ~ 2 in the fifth significant figure.

(i) Table II.—Assuming from section (i) that the integrands in (10) are accurate to at least 5 signi-
ficant figures, it is a relatively easy matter to check the accuracy of ®(i,1,/',2). Extensive checks,
especially in the region of large / and small ¢ and of small / and large # (see section 4 (ii)), using varying
intervals and ranges of integration, showed the integration errors to be less than 1 in the fifth significant
figure.

Both Tables I and II were checked against previous calculations (7), (x2) and no systematic errors
were discovered.

On the basis of the above set of checks it appears that Tables I and IT are accurate to within one in the
last figure given. In order to avoid typesetting errors the tables have been reproduced directly from the
computer output.
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o,
" Table | @ (N, Lix L")
L
©,
1
i L 0 1 2 3
B
1
e L 1 0 2 1 3 2 4
e X
L
e.000 7:3652, ©
0,005 763678, o
0,010 741722, O
0,020 6.9859, o
©e040 6.6334, ©
e.08c 549939, ©
0.160 409432, O
1 05320 34765, o©
0:640 1.9053, ©
10280 7:4789, =1
3.560 260334, =I
5e130 309700, -3
16340 6,0072, =3
360480 760096, =4
400960 8.5625, ~5
0.000 443167, 0135973 I | 5.7556, o
0,005 4e2721, o] 3+3556s "1 |5.6678, o
0.010 4.2281, o 35146, ~I|5,5816, o
0.030 4el420, o 304345, "I | 5.4143, O
0.040 349770, o] 32813, =1 ]lc5.0987, o
0s080 36735, o 300125 ~I ) 4.5353, o
0,160 342566, o 25293 I [3.6283, o
2 00330 32.3889, o T+8433s "I |3.4131, o
0e640 1.4770, o) 10611, ~I | 71,2008, o
1280 649099, -1 | 4:3623, =2 | 4.0409, -1
3.560 243405, =1 | 1.1893, =2 |8,7660, -2
5120 507867, =3 | 21150, =3 | 1,2607, =2

104240 1.0943, =2 | 25617, —4 | 11,3982, -3
200480 1.6788, =3 | 2.2860, 5| 1,0421, ~4
40.960 2.2039, =4 | 1+6340, =6 | 7.0032, =6

0e000 3.2688, 503368, =1 [ 4.8031, 1.0674, =I| 38425,
06005 32358, 362750, =I | 447449 1e0521, =I | 377709,
00010 3620633, §e2142, ~1 | 4.6876, 160371, =1 | 37130,
9s030 31397, 500954, =1 | 405757,

0.080 247939, 404549, =1 | 3.9741, 8e5281, =2 | 2.9438,
0.160 364123, 37600, =I | 33249, 6.8982, ~2 [ 22931,

3 ©s330 1.8446, 247545, ~1 | 243943, 46581, =2 ] l.4511, o
00640 1.1664, 0| 1.6118, =I [ 1+3557; 203455, =2 [ 66130, -I
1,280 507093, =1 | 6.9263, ~2 | 54883, ~I [ 77739, =3 | 19257, 1
3¢560 200933, =1 | 2:0780, =3 [ I.4950, =1 1.5541, =3} 343596, =2
Se130 5.8035, =2 | 443362, =3 | 247376, =3 | 1.8572, ~4 | 3.5785, =3

10.340 T.2582, =2 | 64455, ~4 | 3e5344s =3 | 14149, =5 | 25156, =4

304480 2.2167, =3 | 7.0802, =5 | 304422, =4 | 7.5719, =7 | 1e2820, =5

40.960 342954, -4 | 6.0452, ~6 | 347013, =5 3.1257, =8 [ §5er501, =7

o o o
o ) o
) o o
o o] I.0079, =1 | 35888, o

0040 30179, o0 448687, =1 | 443625, ©0| 9.525I, =2 303558, o
o ) 0
) 0 )
) I

Q

662732, =1 | 420037,

0e160 240093, 4+4238, =I | 2,8596, 163349, =1 | 347694, 2.2686, =3 ] 136423,
4 ce330 1.5379, o | 3.2485, ~I | 3.1305, 942267, —2 | 1.9003, 104379, =2} 8.2265,
ce.640 97646, ~1 | 1.9148, =1 | 1.2664, o 448635, =2 | 948745, ~1 | 6+4828, =3| 3.4406,
1,380 448408, =1 | 843884, =2 | 5.6031, =1 |1.7526, =2 ) 3.4677, =1 | 18001, =3} 8.6909,
34560 1.8288, =1 | 246266, =2 | 1,7376, =1 | 4+0036, =3 | 9.6126, =2 | 27856, —4| 13319,
5e130 503588, =2 | 593435 ~3| 3.7386, =2 507067, =4 10340, ~2 | 203793, ~5 96543,
10240 1.2603, =3 | 9¢9631, =4 5.7308, =3 | 542666, =5 |g.1219, =4 | 12048, =6] 46375,
300480 2304473, =3 | 1+27X4s =4 645546, =4 | 33687, =6 |5,6429, ~5 | 400242, =81 I.5013,
400960 40,0149, =4 | 102606, —5| 5.9001, =5 | 146143, =7 | 2,6479, =6} 98343, 10 306060,

06000 3672379 © 0] 200183, =1 | 402179, o] 37660, —2| 34102,
00005 2.6962, o 6.2006, =1 | 3.9592, O 149909, =I | 441596, o] 37035, =2 | 23651,
0,010 2.66g0, o 61291, ~1 | 3,9153, o0 19639, ~I | 4.1023, o] 3+6422, =2 | 2.3309,
0.020 23,6158, o 509896, =1 | 3.8295, o 19113, ~I |3.,9906, o | 35234, =2 242356,
0e040 2.5141, O 507234, =1 | 3.6656, o | 18115, =1 |3.7788, o 3+2997, =2 2.0763,
0.080 2.3273, o 502378, ~I| 3.3656, o 16312, =I |3.3966, o] 2.9021, =3 17973,
o o} o
o

o

c000QO0O0

(]
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Table | — continued
L 0
?
L 1 0 2 1 3 2 4
X
00000 2,3833, 6.8152, =1] 34458, Ol 2,7661, =1 | 39797y ©| 844200, =2 | 3.2890, o
00008 3.3589, 647364, =1 | 344081, ©0| 32,7296, =1| 3.9304, O] 8.2894, =2 3.3380, o
00010 243349, 6.6588, =1 ] 303717, ©|] 3.6936, -t | 38819, o B.1613, =2 | 3,1880, o
0020 23,2881, 605072, =I| 303004, O] 23,6236, =1 | 37871, o] 7.9123, =2| 3.09067, o©
00040 2.1984, 662181, =1| 3.16423, O 2.4907, =1 | 3.6067, O] 7.4425, =2 | 29071, ©
9,080 2,0338, 546912, =1| 3+9147s ©| 2,3503, =1 | 3.3785, o[ 6.6028, -2 | 2,5789, o
e.160 Te7544s 48087, ~1| 3.4924, ©O0| 1.8538, ~1| 2.7315, o 5.2501, =2 | 2.0499, O
Ce330 1o3412, 305359, =1 | 248731, O 11,2987, =1 | Ye.9513, o 344384, =23 1.3411, o
0e6 40 8.5100, 200929, ~I | 1.1464, O] 7,0297, =2 | 1.0881, o] 1.6462, =3 | 6.4007, ~I
1280 443313, 9002688, =2 | 5e3113, =1} 2,6624, =3 | 43740, ~I| 5.0565, =3 | 1.9516, =t
3.560 1.6171, 2¢9725, =3 | 17771y =1 | 6.6128, =3 | 1.0955, =1 ] 90711, =4 | 304558, =3
§el30 408702, 700263, =3 | 403585, =2 | 1.0641, =3 | 1.7872, =3 ]| 9.2955, =5 | 304838, =3
10e340 1.2022, 1.2709, =3 | 74266, =3 1.1374, =4 ]| 1e9015, =3| 546910, ~6] 21011, =4
200480 264975, 1.8005, =4 | 946970, =4| 8.4523, ~6 ]| 1+3947, =4 | 3.2610, =7 | B.2575, =6
40960 444250, 2.0120, =5 98472, =5| 466300, =7 | 7e5470, =6 63872, =9 | 2.3173, =7
00000 241471, 71418, =I|3+0439, © | 3.3444, =1 | 346540, o | 1.2951, -1 [ 3.5020, o
' 000§ 31351, 700593, ~1| 300118, o | 3,3011, =1 3.6114, O | 12759, —=I | 34538, o
0.010 3.10313, 649779, =1 [3e980r, o0 | 3,2586, =1 345695, O Le2571, =1 [3.4063, o
00030 240607, 6.8191, =1 ]2.9181, O 3,1755, =1 3+4875, ©0 | 1.2204, ~I | 33139, O
0.040 1.9793, 6.5163, =1 1247997, © | 3,0179, =1 | 3e3313, © ) TeI511, ~I |3.1385, o
0.080 1,8300, 509646, ~1]|2.5826, o0 | 3,7324, =1]|3.0461, o0 | 1.0269, =1 ]|2.8219, o
0.160 165769, 540410, =I]2+2150, O | 23,2607, —=1|3.5674, o/ 8.2537, =2 ]3.3015, o
%.330 13035, 37100, ~I[1.6741, © | 1,5976, =1 {18753, o0 5+5200, =2 | 1.5789, o
0eb 40 76227, 22019, =1 1.0384, O | 8,7990, ~2|1.0894, o] 3.7482, ~a |8.1765, =1
1,280 307873, 98203, =3[ 4.9345s =% | 35,4431, ~2 | 4.5888, =z [ 9.0351, =3 | 2.8391, =1
24560 I.4532, 3+1980, =3 | 1.7291, I | g,0486, ~3| 1+¢3077, =1 | 1.8006, =3 5.9388, =2
5el20 404373, 7¢7808, =3 404565, =3 | 1,5869, =3 | 24493, =2 | 2.1213, -4 | 72836, =3
100340 161277, 144775, =3 | 85608, =3 1.8987, =4 ] 340385, =3 | Te51904, =5 | 53444, =4
300480 344547 202521, =41 13458, =3 | 1,586, =5 | 25866, =4 | 7.03713, =7 | 2.5037, =5
400960 406161, 2.7632, =5 ) 144957, ~4 | 9.8638, =7 | 1.5946, =5 3.2689, =8| 8.1261, =7
00000 19721, 734155 ~I ) 247438, 0| 3.7940, =1 | 3.3499, o0 1.7053, ~1 304612, O
05005 169517, 742566, =1 | 347151, O 3.7456, =1 | 3.3122, o0 1.6807, =1 | 3+417L, ©
04010 1.9315, 71730, ~1| 2.6867, o0 3.6980, =1 | 343753, ©| 1.6567, =1 | 343736, ©
0.030 1.8921, 700097, =I| 2.6313, o] 3.6051, =1 | 303037, o] 1.6099, =1 | 3.2888, o
00040 1.8168, 6.6986, =1} 2.5253, O] 3.4287, —1] 3.0644, o] 15214, =1 ]| 3+1375s O
0,080 ¥.6788, 601317, =1 | 2,3310, O 30091, =1 | 3.8115, o] r.3623, -t 32.8347, ©
0.160 14451, 561832, =1 2,0020, o 2.5802, -1 | 23857, o] 1.1033, -1 203484, o
0,330 I.10II, 348171, =1 | 145177, ©]| 1.8346, =1 | 1.7657, o0} 7.4859, =3 | 16593, ©
0.640 649586, 203698, =1 | 9.4784, =1 | 11,0228, ~1| r.0519, ol 3.8303, —a| 90604, =1
1.380 324597, 160173, =T | 445713, ~I| 400956, ~a | 446365, =1 ) 1.3218, =a | 3¢4308, =1
a2.560 I.3248, 343487, —2| 146491, ~1| 1.1206, =2 | 14228, —1| 2.,8466, =3 | 821499, ~3
Selao 400730, 8e3124, ~3| 444684, =3 )2.0939, =3 | 2.9584, =2 3.7379, ~4] 1e1701, =3
04340 1.0537, 146338, =3 943307, =3 247343, ~4| 401613, =3 | 300484, =5 | 10161, =3
30.480 343690, 246331, =4 | 144675, =3 | 2.5536, ~5 | 40333, =4 | r.6125, =6} 545779, =5
400960 406643, 3e4602, =5 | 1.8150, =4 | 1.7503, =6 | 2.8002, =5| 5.8780, ~8| 20738, =6
0,000 1.8361, 7.4618, —1[ 365112, O 4e1471, =1 30869, o 2,0662, ~1 | 3.3386, o
0e005 1.8169, 743756, =1 ]| 24850, © ] 4.,0948, =1 30530, O] 2,0373, =1 | 3.2882, o
0.020 147980, 702906, =1 | 204591, O | 440433, ~1| 32196, o] 2,0089, =1 | 3+2485, o
06020 I1.7611, 741246, =1 3204085, © | 349428, =1]| 349543, O0f1.9535, =I | 31710, ©
0.040 1.6g06, 6.8085, ~1|3+3317, O | 307519, =~1| 3+8296, o 1.,8486, ~1 | 340333, o
0.080 1.5613, 602326, =1 | 31344, O | 3.4060, ~1| 2.6015, o© 1.65994 =1 | 207543, ©
ce.160 1.3427, 502692, —1| 18343, o0 | 3.8330, =1 ]| 3.2165, o L3515, =1 243048, o
0.330 1.,0215, 348823, -1 1.3937, 0| 2.0236, =1| 1.6540, o0 g.2695, =3 | 1.6603, o
0.6 40 6644145 2.3119, =1 |8.7396, =1 | 1.1384, =1 | 20015, o 4.8395, =2 903968, -1
1.280 3.1868, 71,0400, ~1| 42473, =1 | 4.€372, =2 | 45513, =3 | 1.7315, =3 | 327739 =1
3.560 1.2223, 304506, =2 | 1+5614, =1 | 143077, =3 | Te4723, =1 | 3.9558, =3 | 9.8904, -2
50130 307663, 8.6929, =3 | 43814, =3 | 2,5641, =3 ] 3¢3153, =3 | 5.6595, =4 | L6123, =2
10.340 9.8578, 27505, ~3]9°5627s =3 | 305871, ~4]5¢1677, =3 {5.2416, =5 | 16174, =3
30.480 2,3669, 29342, —4 | 16339, =3 | 3.6514, =5 ] 56066, =4 360877, ~6 | 1.0241, =4
490960 406239, 400811, ~5]|2.1883, ~4 | 3.7456, =6 | 403369, =5 | 1.3459, =7 | 403315, =6
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3 3 6 5 7 6 8

14618, =2 | 1.4618, o

104345, —2 | 1.4320, o

14079, ~2 | 144029, o

13563, =2 | 1.3467, ©

1e2598, -2 | 1.2424, o©

1.0504, =2 | 1.0613, o

8.2645, =3 | 7.8541, ~I

4494735 T3 | 445156, =1

23,0181, =3 | 1,7346, —-I

407679, ~4 | 3.8043, =2

58214, =5 | 403144, =3

346204, =6 | 2,5300, =4

1.2362, =7 | 8.,3079, =6

2.6015, =9 | 1,7086, =7

37842,-11 | 32,4544, ~9

307300, <=2 | 243872, 0 |6.0282, =3 8,6B06, -1

346654, —2 | 2.3462, © (5.9042, =3 | 8,4891, =1

3e¢b022, =2 | 2.3060, o | §5.7831, -3 83025, -I

304796, —2 | 2.2282, o0 | 545496, ~3| 7.9436, =1

342495, =2 | 2.0819, © | 5+1153, ~3!7.2794, ~1

2¢8425, =2 | 1.8229, o 4.3610, =3 |6.1377, -1

21993, =2 | 1.,4128, o | 3.2110, —3| 4.4290, =1

1e3687, =z |8.8155, =1 | 148214, =3[ 23.4285, -1

509826, =3 | 3.8659, =1 [ 6.7586, =4 8.5719, =2

1.5807, =3 | 1.0239, =1 [ 1.3689, —¢4| 1.6331, -2

2.2588, -4 | 144631, =3 | 143301, —§5| 14945, =3

16948, =5 | 1.0951, =3 | 6.0704, ~7|6.5069, =5
" 74013, =7 | 4+5157s =5 | 14059, =8| 1.4609, —6

1.7554, =8 j1.1277, =6 | 1.8707,~10| I.9090, =8

209510,7I0 | 11,8925, =8 | 1.6230,~12| 1.6401,~10

6¢3108, =2 208433, ©|I1e7193, ~2| 1.6512, O | 2.5922, =3 | 50807, =1

62072, =2 | 2,8000, o | 1+6866, =21 11,6202, o] 2,534, =3 | 49603, -1

6.1057, =3 | 2.7575, © | 146546, =2 1.5898, o 244775, =3 | 428431, =1

500087, —21 246748, o0 |I.5927, 2| I.5310, o0 | 243686, ~3 | 4.6183, =1

55380, =2} 2.5186, 0| 144771, —2 1 I.4210, of2.1671, =3 | 4.2042, —~I

4.8790, =3 | 2.2386, o {I.2745, =2 1,2281, o Il.8210, =3 | 3+4990, =I

3:8280, -2 | 1.7855, o} 9.6045, =31 9.3822, =1 | 1.3039, -3 | 3e4621, =1

244463, =2 | 1.1741, 0| 5.6888, =3| 545246, ~I | 70220, ~4 | 13878, =1

I1.1332, =2 | 546304, =1 242771, =3} 2¢2267, =1 | 2.3776, =4 | 41777, =3

302148, =3 | 17091, —1 | 541997, =4 | 541244, =2 | 401458, =5 | 69155, =3

§5e1781, =4 | 29248, =2 | 59575, =5 | 5e9r04, =3 | 362208, =6 51084, =4

405231, =5 | 26856, =3 3+2974, ~6 | 3.2851, =4 | 1.0830, =7 | 1.6516, =5

2+2068, =6 | 1.355t, =4 | 92785, =8| g,2631, =6 | 1.7061, ~9 | 345357, =7

6.4631, =8| 402472, =6 [ 144709, =90 | 1.,4698, =7 | 1.4380,~11 | 2.1055, =9

1.2436, =9 | 7+8706, =0 | 1.4758,711 | 1.4753, =9 | 7+4487,~14 | 1.0818,~11

849347, —2 | 340281, ol 3.1503, =3 | 2.1799, O 8414923, =3 | 11034, O TI.1494, =3 | 29435, =1
847939, =2 | 249857, 0] 341035, =z | 241435, ©]| 7,9803, -3 | 10809, o] 1.1216, =3| 28679, -1
B.6558, =3 | 2.9441, o0 340479, =2 | 2+1077, ©| 7,8152, =3 |1.0588, of 1.0945, =3]3e7955, -1
843874, =2 | 2.8630, o] 20403, =2 240383, 0| 7,4970, ~3 | 1.0162, o[ 1.04236, =3[ 23.6568, -1
78316, =2 | 2.7092, o0 2+7386, =2 19078, ©|6,9056, =3 |9.3706, ~1 | 9.4710, =4[ 204027, -1
6.9794, =2 1204317, o 23832, =2 16758, 0| 5,8795, =3 |7+9942, =1 [7.8467, =4 | 19739, -1
55313, =3 (149765, o | 148258, =2 | 143063, O 4.3177, =3 | 548933, =1 544680, =4 | 1.3545, =1
36035, =2 [ 1.3464, o | Iev155, =2 | 843251, =1 3,4366, =3 |343456, =1 |2.7992, =4 6.7589, -2
1.7127, —2 | 6487230, ~1 | 467203, =3 | 36458, -1 840463, =4 | 102395, =I | 8:h655, =5 | 2.0155, -2
53131, =3 2e3061, =1 | 1.1805, =3 | 96855, =2 ] 1,7700, =4 | 244790, =2 | 1.3042, =5 | 28994, =3
943163, =4 | 405463, -3 | 15418, —4 | 143476, =2 | 1.6314, -5 | 303082, =3 |8.1229, =7| 1.7290, -4
91147, =5 | 449535, =3[ 1.0033, =5 | 9+2434, =4 |6.6837, -7 | 95280, =5 |2.0173, =8 | 441516, =6
5e1355, =6 (209874, =4| 343524, ~7| 32019, =5 | 1,2828, =8 | 148373, =6 | 2.1650,~10 | 43590, -8
t.7287, =7 | 1.0521, =5 | 64.2418, =9 | 640911, =7 | 1,2901,=10 | 148526, =8| I,1570,=12 | 203000,-10
307724, =9 [ 243530, =7 [ 741335,7I1 | 7¢0933, =9 | 7.7343,-13 [1e1122,-10 3e5800,=15 | 7.0680,-13
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£ \\
(o] T=400, 3
64 1827, 2
33 0238, 3
16 7:8a4¢, I
€ 42399, I
4 22559 i
3 $0368, I
3 T F:077s ©
/3 7.216, &
1/ 4 74385, ©
/8 70337, ©
/26 | 7346, o©
/32 76356, ©
1/64 | 7e.3%%t, o
o 7:363, ©
o0 1863, =2 6s133; © 90076, 2
64 £40231, 3 44179, © 70385, I
32 72037, X 31376 © 6,045, 3
5 42504, % 2513, © 4.879, 1
8 2,608, 1 1708, o 3647, 2
& 1.35%4, I t.061, o 8.505, 1
2 B.og7, o 60,093, =1 1.581, I
2 z 4-29%, © 3e.301, =L Ge853, O
e/2 40389, © | 3e445, ~I 10030, £
1/4 40202, © Fe52L, =1 1,080, 1
/8 40305, © | 35559, "L  EoTL4s I
1/16 4.381, © 3-578, —2 To232, I
/32 40314 O 3.588, =1 1,141, &
1/64 40316, © 108593, ~t 2146, I
@ 408317, © 32597, ~I 1,858, %
=5 2:.616, = 6,350, © 70428, 1% 6415, I 3+395, I
& - 4
54 Fo2l3 z 40336, © §+775% I 50012, =I 2:24%,
3§ gggqg; b gesza; [ 2.984, 2 §0531, =% 2,231, &
16 3:237, 3 2:7683;, o 40637, % 42953, ~I 1e949; X
8 2,958, I 2.0600, © 30630, £ 40363, =% 1.690, I
4 .13, 1 $o314, © 2,096, I 3.228; =1 263685, I
3 §.034, © 79978, =% £:333, & 2,279, =I 1.012, I
3 i jeI47s © 40584, =% 7753 © 1,463, =I 6:837, o
- /2 3388, © 4.883, =t 8,550, © 1.722, =i 8.445, ©
1/ 4 3.246, o g6, =1 900939, © 1.g0I, =I 9.677, ©
2/8 36359, © 2813, =L 9.313, © 3,005, =I ’°°4§‘ 1
1/16 | 30383, o $2394, % 9.457, © | 3070, I I.098, i
1/32 ] 3.367. o 32366, =¥  Ge§53%, © | 3s¥03, =i :.tsg. :
2/64 ] 32.388, o §:33%5 I 9.56g, © 2,118, =t 1.138,
o 1.26g, ¢ 30337, =L 9.606, o 30835, ~I 1¢153, 1
<0 16770 & 52323, © 5.086, I G138, =1 2,615, 1 1,175 —1 8.0236;, o
- Te245y =1 7.851, ©
& e 3T 30943 ° 4:678, I 8.520, =X 344550 % -
z: g,ggf: 1 33334: o 4,046, & 8,050, =I 30129, : i.z;;, ; ;.izz. :
3 . =T 3133, o . = . ’
16 3.503s % 2.643, ¢© 3.288, % 7319, 332 : g9, Iaoer
fo z 2.943 o 30477, 1% 60296, =i 1.851, 9871, -
i B,gig: [ z.gzx: o 1716, I 56035, =1 10497 I 80646, _z 6.:53. z
2 4.856, o 8,319, =2 1.9092, I 30690, =I To113, I 70033, _a 5e :3' °
A4 H 3.567, © 4:898, =1 6.438, o 2.464; =X 7587, © 5.:1;, -3 3¢9 ;. °
/2 3,647, © 50446, =1 711y O 30034, =X 9e290, O 70006, _a g.g; » 9
£/ 4 2,683, o g.809, =2 70530, O 34429, =i 1,064, I 8.563, _a . 4;. °
1/8 3.707, o 6.026, =1 74763, © 3.393. -3 i.;gg. : 3.1;:. _: g:g;o: °
7361 3.716. ol 6e1g5, =3  7.884, o | 3.858, =1 0306, c043, -
§?§a sﬁ;ssi -3 §.208: -3 7.946, © 309445 =% 1335, I x.osg. _: g.xga. g
1/64 | 2.728, o 60245, =T 74977, © | 36990, “I 16350 1 1.106, 94378,
o 2.784, © 6.373, =% 8.009, © 490375 =% 1.265, 1.130, =I 9641, O
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) Table |l — continued
\ L o | 2 3
N L 1 0 2 1 3 2 4
t
© 1.588, a 44654, O  4.968, 1 f.005, o 23.438, 1 2.134, =L  I1.094, I
64 40433, 1 3511, o0 3.893, 1 9e450, =1 3e290, 1 2.086, -1 1.070, 1
33 3elio, 1t 2.998, © 3373, I 8.982, =1 3174, I 24043, -1 1,048, 1
16 34047, I 24407, © 3.746, 1 8e346, -1 1.992, I 1964, I 1,009, I
8 1e364, % 1,803, o 2,076, 1 70197, =1 1e731, I 1.832, -I 9e420, O
4 7360, o 1¢354, © Te444, 1 5873, =1 1.403, I 1.630, =1 84394, O
2 44083, o 8e111, =12 9e233y © 40418, =1 1.043, 1 1e354, =% 6993, ©
5 H 3,183, o 44906, =-I 50463, © 30040, =I 70069, © 1,033, =I 543479 O
t/3 2.373, Of 5599, =2 6.073, © 3e833, =1 8.751, o o429, I 70419, ©
1/4 2.336, © 6.098, =t 6.452, © 4474, —1I 1,004, I Y799, =1 9352, O
1/8 26355, O 60418, =1 6.666, o 40923, -1 1.088, 1 2.087, =1 1,086, 1
1/16 2.369, o 6.605, =1 6778, © 5e201, =% 1.138, 1 20279, =% 1,187, 1
1/32 24376, o 6s707, =I 64834, © 50359, —1 14165, I 3e394y =I 10247y 1
1/64 2+380, o 6+760, =1 6.862, o Sed4dd4, ~I 1el79, I 24458, =1 I.,280, 1
[} 34383, o 64815, =1 6.890, o 5¢532, =1 1194, 1 36526, =~I 14316, I
o0 £¢327, 2 44106, o 40230, I Ie.017, © 802304, I 3.764, =1 Is159, I
64 3.7L7, 1 3¢132, © 3e331, I 9¢616, =t 3,072, I 2¢709, =t Tel34, I
33 83.631, 1 2.691, o© 2.881, 1 96176, =1 1,967, 1 24658, =1 Te111, I
16 1.732, 1I 3.180, o 264350, 1t 8.478, =1 1,803, 1 24566, ~1 1.069, I
8 1,075, I I.653, © 1.781, 1 79475, ~1 1.569, I 20410, =I 9.988, o
4 6+303, © I1+169, © Te243y % 6,188, =1 14273, I 30166, =1 8.904, ©
2 3¢527, O 7.708, =t 7.982, o 40743, =1 9489, o 1.839, =I T7e424, ©
6 1 1,904, O 4.764, =1 427470 O 34338, =1 6.443, O I1e424, =1 5.681, o
1/2 2,002, O 50554, —1 §+302, O 40311, =I 76996, o 24019, =12 7890, o
1/4 24,066, o 6.162, =1 5¢659, © §5el50, =I 9160, © 2603, =t 94954, ©
1/8 3.104, 0| 6.579, =I §5.865, o 5e773, =i 9:979, O 3.085, =I t.156, 1t
1/16 3.135, © 6.835, =—I 5975, © 6,178, =1 1.044, I 3s425, =I I1.364, 1
t/3a 3,136, o 60981, =t 6.033, O 6,417, =1 1.070, I 30635, =I 1.338, 1
1/64] 2.143, o 70060, =I 6.060, o 60548, =1 1.083, 1 36755, ~I 1.363, 1
[ 34147, © 7el42, =1 6,088, o 6+689, -1 1096, I 34885, -1 I.401, 1
oo t.140, 23 3:659, © 34678, 1 9947, =1 1.985, I 30145, =1 14137, 1
64 303055 I 34813, o 20893, 1 9434, ™I 1.867, 1 34088, -1 I.113, I
33 30364, 1 2.437, © 2.510, I 90038, =2 1.773, 1 34035, =1 1,090, I
16 1500, 1§ 1979y © 3.050, I 8,381, =t 1.626, 12 20939, =L 1.049, (£
8 9346, © 1.514, © Te557s £ 70443, =1 10416, 1 34773y =1 94806, ©
4 §e51Z, © 1,083, o 10090, I 6e327, ~I 1e151s L 3e513, =I 8747, ©
F 3.106, O 7253, =1 7.0324, O 4842, =I 8+.593, © 2147, ~t 74399, ©
7 T T.691, O 40559, —1I 40196, O 3+469, =I 50848, o 1.698, =t 5¢591, ©
1/2 1:.794» O] 5§e410, =1 4.711, O 4+569, -1 74276, © 26455, 1 707742 ©
1/4 1.866, o 6.103, =1 54053, © 5565, =1 8.383, o 3e233, =& 9.819, o
1/8 1.913, O 64605, =I 50256, o 60344y ~I 9eX21, O 3905, =1 T.142, L
1/16 I.940, © 64930, =1 5.368, o 6.877, =1 90558, o 40401, =1 14349, 1
1/32 1.956, o 70133, =1 504238, o 73203, -I 92797y © 44730, =1 Ie312, &
1/64 1.964, © 70228, =1 50458, o 7¢387, =1 90932, © 40907, =I Te347s 1
o 1,973, O Te341, =1 50488, o 74588, -t 1,005, I S5e116, =1 1.385, 1
[s'e} 9987, 1 34293, O 30350, 1 9e¢569, =I 107955 I 3359, =1 1,083, 1
64 2.817, 1 2544, O 3.558, 1t 9el00, —I 1.689, 1 30303, =I 1.060, I
33 1+992, I 24203, ©O 2023233, I 8e727, =1 1.605, 1 30349, =I 1.039, I
16 1.333, 1 1806, © 1.817, 1 8e130, =I Ie473, 1 3e153, =% 1,000, I
8 8,367, o 1.391, © 1.3823, I 7260, =1 1,283, I 2.986, =-I 9e350, ©
4 4+895, o I1.004, O 9696, o 6.123, =1 14044, I 24722, =1 Be345, ©
2 3+775s © 6,803, -1 6.269, © 44815, -1 7.806, o 20347, =1 6.968, o
8 1 1.5at, © 443355 =t 3760, © 360498, =1 56335, © 1.881, =t 5344, ©
1/32 1.627, o §e331, =t 40341, © 40684, =I 6.642, © 34763, =1 7e441, ©
1/ 4 1,705, © 50976, =1 40570, © 54802, -1 74674, O 32703y I 9e410, O
1/8 1.759, O] 64550, =I 44774, © | 64717, =1 84369, O 40550, =I 1,096, I
1/16 1.793, © 6.939, =L 4891, o 70369, =1 8.786, o §302, =1 1199, I
1/32 1.813, o 7.177, =1 40955, © 70784, =1  9s016, O 5637, =1 te361, I
1/64 1.824, o 73139 =1 4,989, o 8.024, =X 9eI37 O 54898, =1 14395, !
o 1.836, o 7462, =1 560323, O 8e294, =I 9.261, O 66199, =% Ie331y 1
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3.817, -2 3.038, o
3¢786, =a 3.968, o
30757, "3 2.970, ©
26700, =2 249155 ©
2.596, -3 3.814, o
26418, =3 3.640, O
20141, =2 3364, O
1¢763, =2 1977, ©
34643, =3 3.028, o
3580, =3 401904, ©
4e401, =2 5+366, o
§e003, =2 6.088, o
50385, =a 6.639, ©
50604, =3 6.948, o
5847, =2  7.309, o©
6e136, =3  4.943, O 74923, =3  1.237, O
6.067, =2 4.895, © 7+878, =3 1.3230, O
6,009, =2 44848, o 7¢834, =3 I.314, ©
5899, -2 4759, © 74748, =3 14303, O
54696, =3 4595, O 7585, =3 L.178, o
5345, =2 4311, © 70384, =3 1.135, ©
4.788, =a 34861, o 64767, =3 1.061, o©
44008, =2 3330, © 50961, =3 9e4236, —1
6e144, —3 44948, o 94737, =3 1.558, o
8.523, =3 6.855, © 1e441, =3 30344, O
1,073, =I 8.607, © 1.933, =2 3«181; ©
1,240, =1 92948, o 34332, ~=2 30915, ©
1e352, =I 1,083, 1 3622, =3 4453y O
1417, ~I 16135, I 2802, =2 44795, ©
1e493, =I 1.194, I 34014, -3 54208, o
9.029, =3 5874, © I¢990, =2 24333 © 26478, =3 56310, =1
8.949, =2 5.817, © 1.980, -2 30321, O 24470, =3 5195, ~I
84872, =2 5762, O 149570, =2 24309, O 20463, =3 56179, I
8.735, =2 54656, o 1.950, =3 3.286, o 20446, =3 50148, =t
Bag51, =2 50462, © 14913, =2 2e242, © 20415, =3 50087, =1
76973 =3 5.135, O 1.844, =2 2.160, © 23575 3 4973, =I
74307, =3 42593, O 1.734; =2 3,018, o 34250, =3 4¢760, =I
6e113, =2 3.843, © Te534, =3 1794, © 324068, =3 40397, —1
90536, =3  5.889, o 24540, =3 26964, © 30583, =3 7676, -1
Ie350, =1 8.163, © 3831, =3 40462, o 56708, =3 1.336, o©
1.731, =1 1.025, I 5e313, =3 6e.056, O 8e3I4, =3 1.801, ©
24038, =1 1.185, I 60433, =2 7e453, © 1.064, =3 26363, O
20248, =1 10290, I 74339, =3 8,475 © 1e357, =2 24833, ©
26376, =1 I1.353, 1 Te4902, =2 9el34, © 1.388, =32 36140, ©
24524, =1 10423, I 84597, =3 9908, o I1e555, =3 3e¢557s ©
1,133, —1I 6.231, © 34366, =3 340775 O 700234, =3 1,133, © 84364, =4 2:290, -I
1.123, =I 6.2171, © 34351, =3 36061, O 74003, =3 1.128, o 8e347, —~4 2,386, =t
I.114, =I 6.113, O 36236, =2 34045, O 60982, =3 1.125, ©O 8.329, -4 20381, =1
1097, =1 6,001, O 3307, =3 3015, O 60940, =3 1,118, o 84296, =¢ 3e373, ™I
1,065, =1 50796, © 3e150, =3 3¢957s O 60860, =3 Ie105, O 84339, =4 26355, I
1.009, =I 50440, © 34045, —3 3+849, o 66706, =3 1,080, o 80099, =4 3322, I
9188, =2 4:875, © 2.861, =2 24662, o 6425, =3 1034, © 7855, =4 34158, =1
74876, =2 4,083, o 2¢567, =3 20366, © 50942, =3 9e553, ~1 7418, =4 2044, —I
16246, =I 6,260, © 44300, =3 3e9I2, O 16039, =32 1,668, o 16339 =3 30706, =t
16794, =1 8.683, o 6,588, =a 5889, o 1,677, =32 3.685, o 34356, =3 6.288, =1
30343, ~I 1091, I 9eIl9, =3 70995, © 30451, =3 3914, © 30463, =3 9744, ~I
3,801, =1 1.263, 1 Tel143, —I 9+839, o 30226, =3 56134, © 40781, =3 1359, ©
3el27, ~I 1e374, 1 1e330, =I 1e.IIg, I 34863, -3 66133, © 50956, =3 I.710, O
36331, ~I 14440, 1 14436, =1 1e305, I 40306, =3 6+823, o 64824, ~3 I1.974s O
30574, ~1 Le514, 1 1.580, -1 10308, 1 44889, -2 74734, © 8,046, =3 3+354, ©
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