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Calculations of the self-consistent field of the tungsten atom have been carried out with the
aid of the Massachusetts Institute of Technology differential analyzer. A discussion of the
machine set-up and an outline of a method for estimating initial fields are given.

F the wave-function of a many-electron atom
is expressed as a product of one-electron
wave-functions, the radial factor of each of these
wave-functions is found by solution of the
differential equation!

&P /dr+ (v—e—1(1+1)/)P=0. (1)

As has been pointed out by Hartree? it is
convenient to introduce the new independent
variable p=log 7, and the new dependent vari-
ables Q=Pr~1 and Y=Pr-} The differential
equations which Q and Y satisfy are:

d*Q/dp*+(2l1+1)dQ/dp+ (272, — e*)Q=0, (2)
QYA+ [2rZ— e — (I+3)2]V=0.  (3)

For n<4 and for all of the ‘‘s” functions, Eq.
(3) was used throughout the range of integra-
tion. For the other functions the Q" equation
was used near the origin because in this region
Q is nearly constant while Y increases ex-
ponentially. ,

The contribution to Z, of the electrons of a
particular type is found from the relations:

= f Pdr= f Veeedp, @)
0 0
z=2<2z+1>[1-f P%ir/f P%ir], )
0 0 .

dZ,/dp=27,—Z. - (6)

The estimation of the initial Z,’s was carried
out by a method which, as far as the authors

know, has not been described in the literature. |

Since it proved to be very-satisfactory, it will be
outlined briefly here. The basis of the method of

! Except where stated the notation is that used by
Hartree. See Proc. Roy. Soc. A141, 282 (1933).
2 Hartree, Phys. Rev. 46, 738 (1934).

interpolation is the fact that the Z vs. p curve for
a particular type of electron has the same shape
for different elements which are not too far
apart in the periodic table. As can be seen from
the graph of Fig. 1, one curve can be nearly
superposed on the other by a shift parallel to
the p axis. A reason why this can be expected and
a method of utilizing it for interpolations can be
seen from the screening constant relation :

r1/re=(N2—0)/(N1—0) (7)
or p1—p2=log (N2—0)/(N1—0), (7a)

where N; and N, are the atomic numbers of
the two elements considered and ¢ is the screen-
ing constant for the type of electron considered.
This relation is ordinarily assumed to be valid

- only for the two radii for which the charge

densities have their maxima, but the figure
shows that it will be valid for any pair of radii
corresponding to the same value of Z. Using
data from two atoms which have been studied
previously, p1— p2 and hence ¢ can be determined.
Eq. (7a) can then be used to determine the Z
against p curve for the same type of electron in
another atom. For tungsten the interpolations
were based upon Hartree's result for caesium?
and mercury.* For the electrons inside of the 4s
electron, the original estimates agreed so closely
with those computed that it was necessary to
determine these functions only once. For the
outer electrons the estimates were not as satis-
factory. This is because the 4f shell occurs in only
one of the-atoms which were used for interpola-
tion. Since the charge density of the 4f electrons
overlaps both four and five quantum electrons,
it is easy to understand why the screening
constants should be affected in a manner difficult
to estimate.

3 Hartree, Proc. Roy. Soc. A143, 506 (1934).
4 Hartree, Proc. Roy. Soc. A149, 210 (1935).
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In determining the Z’s by the method de-
scribed, there is some difficulty about making
estimates in the region of the nodes. Even after
the Z’s have been determined, it is necessary to
integrate to obtain the Z,’s. For these reasons,
it seems possible that it would be more satis-
factory to make the estimates in terms of the
Z,'s. Hence tables of 2Z, and 2v, for the separate
electrons have been included in the results.

METHOD OF SOLUTION

The solutions of Egs. (2), (3), and (4) have
been carried out on the Massachusetts Institute
of Technology differential analyzer.’ A schematic
diagram® 7 of the setup for the simultaneous
solution of Eqs. (3) and (4) is given in Fig. 2.
The solution of Eq. (2) requires only the in-
sertion of an extra set of gears and an adder.
This equation is not used beyond the point
where contributions to { become appreciable.
It would be possible to integrate a modified
form of Eq. (6) but this would require another
input table. It is also difficult to estimate the
starting conditions, and hence it was found more
convenient to carry out this comparatively
easy integration by hand. For the inner electrons
and for the earlier approximations to the outer
ones, it is not necessary to use different input
plots of 27Z, for different functions having the
same value of z but different values of /. The
constant (I43)? can be taken care of by the
initial setting of the first integrator. The method
of generating e by an integrator avoids the
necessity of making either a large number of
plots or using another input table. In practice,
the displacement of this integrator is multi-
plied by a factor greater than unity at small p
and less than unity at large p. Compensating
gears must, of course, be introduced.

5 The authors wish to express their thanks to Professor
S. H. Caldwell of the department of electrical engineering
for placing the facilities of the differential analyzer at
their disposal, and for making many helpful suggestions
about the problem. As Hartree has pointed out, the solution
of such a problem without mechanical methods of com-
putation, is very laborious.

6 For an explanation of the operation of the differential
analyzer and the meanings of the symbols used, see:
V. Bush, J. Frank. Inst. 212, 447 (1931).

" For other cases where a differential analyzer has been
used for the solution of the self-consistent field problem,
see: Hartree, Phys. Rev. 46, 738 (1934); Porter, Proc.
Manchester Phil. Soc. 79, 75 (1935).

849

The method ordinarily used by Hartree is to
integrate from the origin outward to some point
near the outer maximum of the wave function
and to integrate a transformed equation from
large 7 inward to the same point. The value of
¢ for which these solutions join is the eigenvalue.
To carry out this process on an analyzer having
six integrators would have required either an
additional input table or the hand integration
of the { equation. It seemed preferable to keep to
the same equation and hunt for solutions asymp-
totic to the p axis. In practice this method did
not prove too difficult, but some improvement in
this part of the integration would probably be
necessary before the accuracy could be greatly
increased. The tabulated values of Y at large
p have been smoothed to the correct asymptotic
form.

One of the difficulties of any step-by-step
process of integration is the accumulation of
rounding-off errors. In hand computation this
can be partly avoided by carrying extra figures

Fi1G. 1. Plot of 2Z as a function of p for 4p electrons
in Hg and W.
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F16. 2. Schematic diagram for the set-up of the differential analyzer for solution of the equations:

@Y /dpr+[2rZy— e = 1+ 1)1V =0

for the earlier stages of the computation. With
the differential analyzer this method is not
possible, and 'instead a method suggested by
Professor Caldwell was used. The essential
feature is to run solutions for five different
energies which are evenly spaced about a value
of the energy estimated from preliminary runs.
These solutions are carried forward in stages of
about two units in p. The solutions are smoothed
by a least-squares method at the end of each
of these stages and the solutions carried forward
with the smoothed values.

As was anticipated, the most troublesome
function was the 4f. This is because 2rZ, is never
very much greater than (I43%)? and hence small
changes in 27Z, can produce large changes in the
coefficient of Yin Eq. (3) in the region where that
coefficient is positive. These small changes in
2¢Z, can be produced by any of the four or five
quantum electrons—most particularly by the 4f
electrons themselves. The functions are probably
not ‘‘overstable’’ in the sense used by Hartree,
but any process of using the field found at the
end of one approximation as the initial field
for the next approximation would probably
converge but slowly. A little judicious guessing
as to what is likely to happen next speeds up the

and = j; ? Y2e2rdp.

convergence considerably. The 5d functions
caused much less trouble than in the case of
Hartree's calculations for mercury. This is
partly because there are four instead of ten
electrons in this shell, and partly because of a
fortuitous estimate made at the end of the first
approximation. The solution of the problem was
of course much easier than it would have been
without Hartree's previous work on mercury.

TABLE 1. Values of Y for p<2.0.

1s 2s 2p 3s 3p 3d 4s, Ss, 65
0.0 3200 3200 80.0 3200 64.0 5.33 3200
2 3478 3475 106.5 3477 85.5 8.70 3476
4 3764 3761 142.0 3765 114.1 14.23 3762
.6 4058 4052 189.2 4058 152.0 23.28 4053
.8 4351 4341 251.5 4348 202.3 38.02 4343
1.0 4634 4617 333.5 4625 268.0 61.91 4620
2 4896 4868 440.3 4874 353.9 100.50 4868
4 5121 5074 578.5 5079 464.9 162.3 5071
.6 5293 5215 756 5216 605.8 261.8 5206
.8 5302 5264 980 5267 784.0  420.3 5235
2.0 5395 5188 1258 5174 1006 671.0 5155
TABLE II. Values of QX104
° 4p,5p  4d, 5d | 4p,5p  4d, 5d 4f
0.0 329.5 1780 1905 | 2.4 1393 1586
4 323.5 1758 1887 | 2.6 1313 1519
.8 314.7 1727 1862 | 2.8 1222 1441
1.2 302.0 1681 1824 | 3.0 1119 1352
1.6 284.0 1615 1770 | 3.2 1253
2.0 251.9 1522 1694 | 3.4 1143
2.2 1462 1644 | 3.6 1024
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TaBLE III. Values of Y.

is 2s 2p 3s 3p 3d 4s 4p 4d 4f 5s 5p 5d 6s

2.0 5395 5188 1258 5174 1008 67.1 5155 1600 5155 1600 5155
.1 5353 5094 1420 5073 1135 84.3 5052 1803 5052 1803 5052
2 5280 4957 1398 4928 1276 106.0 4903 2028 4902 2027 4902
.3 5173 4773 1794 4734 1431 133.0 4704 2273 4702 2272 4702
4 5031 4538 2006 4488 1397 166.5 4452 2537 4448 2535 4448
.5 4852 4251 2236 4185 1776 208 4144 2820 4137 2817 4137
6 4643 3910 2481 3825 1996 260 3776 3120 3766 3115 3766
7 4392 3507 2739 3405 2165 323 3349 3433 3335 3427 3335
.8 4112 3054 3009 2928 2369 399 2864 3754 2844 3745 2844
.9 3803 2545 3286 2395 2576 476 2323 4078 2298 4067 2298
3.0 3471 1988 3565 1817 2781 605 1733 4396 640 1702 4380 640 1702
.1 3121 1390 3841 1188 2976 741 1102 4697 780 1065 4677 779 1065
2 2761 761 4106 4 534 3155 896 + 442 4969 948 + 400 4944 946 -+ 400
.3 2398 4+ 114 4352 — 135 3307 1083 — 230 5197 1144 — 276 5167 1143 — 276
4 2042 — 538 4569 — 799 3424 1301 — 895 5364 1374 — 943 5328 1372 — 943
.5 1702 —1173 4748 —1437 3495 1552 —1527 5454 1638 —1578 5412 1636 —1578
.6 1382 —1775 4879 —2023 3507 1840 —2106 5447 1939 96.0 —2151 5398 1936 —2151
7 1094 —2320 4952 —2529 3451 2163 —2596 5323 2275 127.6 —2635 5266 2272 —2635
.8 841 —2789 4958 —2927 3314 2524 —2971 5068 2648 169.0 —3001 5002 2644 —3001
9 625 —3162 4890 —3129 3097 2918 —3201 4667 3049 222.4 —3225 4591 3042 —3225
4.0 448 —3425 4738 —3298 2776 3340 —3265 4112 3470 290.2 —3226 4026 3461 ~3226
1 308 —3566 4517 —3233 2369 3782 —3141 3406 3898 377.4 —3129 3288 3887 —3129
2 202 —3581 4217 —2975 1875 4229 —2825 2561 4322 485 —2798 2430 4302 —2798
3 125 —3474 3850 —2559 1305 4670 —2324 1597 4716 618 —2280 1461 4685 —2280
4 73 —3257 3433 —1971 683 5082 —1660 + 556 5055 780 1598 + 416 5010 —1598
.5 39 —2949 2979 —1252 + 23 5447 — 871 — 523 5708 975 — 796 — 615 5247 — 797
.6 20 ~2577 2511 — 448 — 639 5738 — 15 —1565 5446 1205 + 72 —1676 5363 + 69
N 10 —2169 2050 + 389 —1265 5935 -+ 843 —2504 5436 1472 932 —2588 5327 927
.8 4 —1753 1616 1196 —1824 6015 1623 —3264 5249 1776 1704 —3310 5110 1698
.9 2 —1357 1226 1915 —2227 5967 2251 —3777 4865 2115 2307 —3771 4690 2300
5.0 1 — 1004 892 2485 —2597 5781 2653 —3986 4276 2483 2671 —3917 4060 2663
.1 — 706 619 2880 —2773 5459 2785 —3857 3477 2874 2743 —3713 3224 2735
.2 — 470 409 3069 —2796 5015 2618 —3386 2503 3274 2502 —3158 2212 2493
.3 — 204 256 3056 —2676 4474 2164 —2603 1388 3670 1964 —2298 +1065 1954
4 — 171 152 2865 —2441 3863 1467 —1574 + 192 4047 1184 —1188 — 150 1172
.5 — 94 82 2536 —2120 3222 + 603 — 392 —1017 4371 + 254 + 38 —1356 + 241
.6 — 49 45 2122 —1751 2587 — 331 + 828 —2159 4630 — 739 1272 —2458 — 724
NG — 24 21 1677 —1374 1991 —1228 196 —3158 4822 —1578 2352 —3371 —1587
.8 — 10 1252 —1021 1465 —1991 2915 —3945 4906 —2234 3153 —4014 —2231
.9 - 4 4 873 — 715 1026 —2543 3593 —4475 4885 —2585 3579 —4331 —2564
6.0 - 1 1 571 — 471 679 —2844 3958 —4725 4757 —2586 3580 —4297 —2537
.1 345 — 289 422 —2899 4017 —4710 4534 —2241 3160 —3911 —2154
.2 190 — 164 241 —2737 3806 —4461 4231 —1624 2377 —3218 —1475
3 88 — 80 134 —2417 3394 —4036 3868 — 763 1331 —2281 — 598
4 41 — 43 69 —2006 2860 —3494 3465 + 171 + 140 —1178 + 360
.5 18 — 20 33 —1569 2282 —2898 3042 1085 —1068 1 1268
.6 7 - 8 15 —1158 1724 —2303 2616 1880 —2167 1194 2021
7 3 - 3 6 — 801 1232 —1753 2199 2490 —3077 2305 2535
.8 1 - 1 2 — 520 831 —1274 1810 2864 —3724 3282 2756
.9 1 — 317 529 — 884 1454 2998 —4083 4079 2673
7.0 — 180 319 — 584 1140 2914 —4120 4674 2309
.1 — 96 185 — 365 871 2657 —3991 5058 1708
2 — 48 100 — 214 646 2288 —3633 5242 949
3 - 22 51 — 118 467 1867  —3151 5245+ 106
4 - 9 23 — 58 326 1446 —2609 5093 — 747
) - 4 11 - 30 220 1064 —2064 4816 —1546
.6 - 1 3 - 13 141 747 —1562 4441 —2236
7 1 - 5 87 497 —1127 3999 —2782
.8 - 2 52 318 — 775 3516 —3162
9 29 191 — 505 3020 —3369
8.0 16 108 — 311 2532 —3411
.1 8 57 — 183 2071 —3306
2 3 29 — 101 1652 —3079
3 1 13 — 53 1282 —2763
4 5 — 25 967 —2391
.5 2 - 11 708 —1996
.6 1 - 5 500 —1604
N Ll 2 337 —1238
8 - 1 214 — 915
9 132 — 645
9.0 77 — 440
1 42 — 266
2 22 — 158
3 11 - 89
4 5 — 46
S 2 - 22
.6 1 — 10
i - 4
8 - 1
REsuLTs tables p=Ilog 1000r. The discrepancy between

Tables of ¥, 2Z, and 2Z, for each type of
electron are given. For the cases where. the Q
equation was used near the origin, the values of
Q rather than Y are given at small p. In the

final estimates and final values of 2Z, for any
given type of electron does not exceed 0.06.
This is about the same as the discrepancy in Z
and is about five times the tolerance allowed by
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TABLE IV. Values of 2Z, for the separaie electrons and for the complete atom.

() (1s) (2s) 29) (3s) 3 (3d) (4s) (4p) (4d) (4f) (5s) (€3)) (d) (69 Total
0.0 371 393 1179 397 1192  19.87  3.99 1197 1995  27.04  4.00 11.99 800 400  147.02
4 356 380  11.60 3.96 11.83  19.81  3.98  11.95 1903 2791  3.99 1198  7.99 400  146.49
8 335 384 1154 394  11.83 1971  3.98  11.93  19.80  27.87  3.99 1197  7.99  4.00  145.83
12 305 377 1131 392 1174 1957  3.96  11.89 1983  27.81  3.90 1106 7.08  4.00 14478
6 262 3.67 1097  3.87  11.61  19.36 395  11.84  19.75  27.71  3.98 1194  7.08  3.00  143.24
20 207 352 1047 381 1142  19.05  3.92  11.76  19.63  27.57  3.97  11.01  7.97 399  141.05
2 175 342 1043 277 1129 18.84 390 1171  19.55  27.47  3.96  11.89 796  3.99  130.64
4 142 331 9.72 373  11.14 1858  3.88  11.64 1945  27.36  3.95  11.87 705 399  137.98
6 108 318 922  3.67 1095 1826 386  11.56  19.33  27.21  3.94 1184 794 398  136.03
8 077 303 862 360 1072  17.88  3.83 ° 11.47  19.18  27.04  3.93  11.81  7.92  3.98 133.07
3.0 50 2.85 7.00 352 1044  17.41 - 379 1135 1900 2683 392 1177  7.91 398  131.15
2 29 2.64 705 343 1011 1683 374 1121 1878 26,57  3.90 1172  7.89 .  3.97  128.11
4 15 2.38 6.07  3.31 971 1613 369  11.04 1851 2626 3.87 1165 7.86 3.96  124.59
6 06  2.06 499 316 925 1528  3.62  10.84  18.18  25.86  3.85  11.58  7.83  3.96  120.50
8 02 1.69 384  2.99 873 1424 354 1060  17.77 2539  3.81 1149 779  3.95  115.83
40 1.28 271 279 814  12.08  3.44 1032  17.29 2481 377 1137 774 393 11057
1 1.07 219 2.67 7.82  12.26 338 1015  17.00  24.48 375 1132 742 393  107.74
2 0.86 172 256 746 1149 332 9.90 1670  24.10  3.72 1124  7.69 392 10477
3 68 1.30  2.43 709 1064 326 979 1636 2370  3.69  11.17  7.66 391  101.66
4 50 094 230 6.67 9.74 -~ 3.20 9.58 1509  23.24  3.66  11.08  7.62  3.90 98.42
5 36 65 215 6.22 879 311 9.34  15.60 2275  3.63 1099 7.58  3.89 95.05
6 24 43 2,00 5.71 779 302 9.09  15.17 . 2219  3.59  10.88  7.54  3.88 91.54
R 16 27 182 5.16 677  2.93 880 1472 - 21.58 355 1077 7151  3.86 87.89
8 09 16 1.63 4.56 575  2.82 850 1423 2091  3.50  10.64 7.4 385 84.07
9 05 08 142 3.92 475 271 816 1371  20.17 345 1051 7.40  3.83 80.16
5.0 02 04 120 3.26 3.80  2.59 7.80  13.16  19.35  3.39 1035  7.32  3.82 76.11
1 01 02 098 2.61 204 2.6 7.42 12,57 1847 333 1019 727  3.80 72.05
2 01 76 1.99 218 2.32 702 1194  17.49 327 1001  7.17  3.78 68.37
3 156 1.45 152 217 6.59 1124 1644  3.19 0.81 7.1  3.75 63.85
4 38 0.99 103 2.02 6.13 1048 1530  3.12 950  7.00 373 59.76
s 25 63 065 1.5 5.63 9,64 1409  3.03 936 691  3.70 55.72
6 15 37 38 1.66 5.08 872 1281 293 909 679  3.67 51.63
7 08 20 21 146 4.47 771 1149 2.83 881 668  3.63 47.54
8 04 09 10 1024 3.81 6.65  10.14  2.71 848  6.53  3.59 4338
9 02 04 04 101 3.13 5.56 879  2.58 815 639  3.55 39.25
6.0 01 01 02 078 246  4.48 747 245 707 622  3.51 35.17
1 .57 1.83 3.47 622 2.31 738 606 345 31.30
2 39 1.29 2.56 505 216 696 586  3.40 27.66
3 25 0.85 1.30 101 1.99 650  5.66  3.34 24.39
1 1 52 1.20 300  1.81 600 542 327 21.45
s 08 29 0.75 231 161 545 518  3.19 18.86
o 04 1s 41 167 140 483 1389 311 16.52
i .02 .07 .23 1.16 1.17 4.18 4.59 3.02 14.44
8 01 03 1 078  0.94 3.50 425 292 12.53
9 01 05 150 71 2.82 380  2.82 10.80
7.0 02 31 152 217 350 270 9.21
1 18 35 150 311 257 7.81
2 10 22 1.11 2.69 2.44 6.56
3 05 13 073 230 220 5.50
4 02 07 44 192 212 158
s 01 04 25 156 1.9 3.80
6 .02 13 123 174 3.12
¥ 01 07 094 153 255
8 03, 70 131 2.04
9 01 50  1.09 1.60
8.0 35 0.87 1.22
1 23 68 0.90
2. 14 .50 64
3 08 .35 43
4 05 .23 .28
.5 02 .14 .16
6 01 08 09
ki 04 04
8 01 01
TaBLE V. Values of e, f “Prdy, and 2v,. Hartree in his calculations for mercury.® Much
[ . . .
further improvement in the results would require
. JooPrir —2, lessefficient operation of the differential analyzer
o o T8 X0 5oa~ and some checking by hand c'alculatlons. In this
%j, ;Zgg g7-29 2(7)§ work there has been no direct check of the
¥ 1734 gens ¢ machine integrations. The only checks are the
3d 1355 85 8108 120 interval consistency of different runs and the
4p 28.30 2711 32.4 c i
4 2830 2.711 324 check of estimated and calculated values of Z
af 3378 4422 572 ——————
Ss 4.865 7.875 4.3 8 Calculations of about the same accuracy have also been
‘:'5 3'1%% ;3'30 li'; made for iron. Since applications to theories of ferro-
65 4203 113.3 1.2 magnetism and atomic spectra require a higher degree of
Total 79 accuracy than the work for which the tungsten results are
ota

being used, the results for iron will not be published until
their accuracy has been improved.
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TABLE VI. Values of 2Z.
(?) (1s) (29) (29) 3s) 3p) 3d) (43) (4p) (4d) 4f) (59 (59) (Sa) (6s)
0.0 4.00 4.00 12.00 4.00 12.00 20.00 4.00 12.00 20.00 28.00 4.00 12.00 8.00 4.00
4 4.00
8 3.98 4.00
1.2 3.95 3.99
.6 3.85 3.08 4.00
2.0 3.61 3.96 3.99
2 3.40 3.94 12.00 3.99
4 3.10 3.91 11.99 3.98 12.00 4.00
.6 2.71 3.88 11.97 3.98 11.99 3.99
.8 2.24 3.85 11.92 3.97 11.98 3.99 12.00
3.0 1.71 3.83 11.83 3.96 11.96 3.99 11.99
2 1.18 3.81 11.64 3.96 11.92 20.00 3.99 11.98
4 0.72 3.81 11.28 3.96 11.84 19.99 3.99 11.96 12.00
6 .37 3.79. 10.65 3.96 11.71 19.08 3.99 11.93 20.00 11.99
8 .16 3.68 9.61 3.93 11.52 19.94 3.98 11.89 19.99 11.99
4.0 .05 3.39 8.13 3.86 11.29 19.84 3.97 11.85 19.97 4.00 11.08
.1 .02 3.15 7.12 3.82 11.18 19.74 3.96 11.83 19.95 3.99 11.98
2 .01 2.85 6.23 3.77 11.10 19.59 3.95 11.81 19.91 3.99 11.98
3 2.45 5.20 3.72 11.04 19.37 3.94 11.80 19.87 3.99 11.98
4 2.08 4.18 3.68 11.01 19.03 3.93 11.80 19.80 28.00 3.99 11.98 8.00
.5 1.66 3.21 3.66 11.01 18.56 3.92 11.80 19.71 27.99 3.99 11.08 7.99
.6 1.27 2.35 3.65 11.00 17.90 3.92 11.79 19.58 27.99 3.99 11.98 7.99
7 0.90 1.63 3.65 10.95 17.02 3.92 1177 19.43 27.98 3.99 11.97 7.99
.8 .60 1.05 3.63 10.79 15.90 3.92 11.72 19.25 27.96 3.99 11.96 7.99
.9 .37 0.63 3.58 10.46 14.53 3.90 11.63 19.05 27.93 3.98 11.95 7.98
5.0 .21 .35 3.46 9.87 12.93 3.86 11.50 18.86 27.87 3.98 11.93 7.98
.1 11 .18 3.23 9.00 1111 3.80 11.33 18.68 27.78 3.97 11.01 7.98
2 .06 .08 2.88 7.86 9.19 3.74 11.16 18.56 27.63 3.96 11.89 7.97
3 .02 .03 2.44 6.52 7.27 3.67 11.01 18.49 27.40 3.95 11.87 7.97
4 .01 1.94 5.10 5.46 3.63 10.92 18.47 27.05 3.94 11.86 7.97
.5 1.43 3.71 3.86 3.61 10.90 18.46 26.55 3.94 11.86 7.97
6 0.97 2.49 2.56 3.61 10.89 18.38 25.84 3.94 11.86 7.97 4.00
b .60 1.53 1.57 3.59 10.81 18.10 24.89 3.03 11.84 7.96 3.99
.8 .34 0.84 0.88 3.51 10.54 17.50 23.67 3.92 11.79 7.95 3.99
9 17 .41 .44 3.32 9.96 16.48 22.16 3.88 11.70 7.93 3.99
6.0 .07 17 .20 3.00 9.02 15.01 20.38 3.83 11.58 7.91 3.99
Nl .02 .06 07 2.54 7.74 13.12 18.35 3.77 11.44 7.88 3.99
2 .01 .02 .02 2.01 6.23 10.93 16.16 3.73 11.35 7.85 3.98
.3 1.47 4.68 8.64 13.87 3.71 11.29 7.83 3.98
4 0.98 3.25 6.45 11.59 3.71 11.27 7.82 3.98
5 .60 2.08 4.52 9.39 3.70 11.27 7.82 3.98
.6 .33 1.22 2.96 7.37 3.65 11.18 7.82 3.98
7 .16 0.65 1.80 5.57 3.50 10.92 7.80 3.96
.8 .07 .31 1.00 4.06 3.22 10.37 7.75 3.93
.9 .02 14 0.49 2.83 2.83 9.51 7.64 3.92
7.0 .01 .05 .20 1.89 2.34 8.34 7.45 3.90
.1 .02 .08 1.19 1.81 6.94 7.16 3.88
2 .02 0.72 1.31 5.45 6.76 3.87
.3 .41 0.87 4.02 6.15 3.87
1 22 .54 277  5.68  3.87
5 .11 31 1.77 5.02 3.85
.6 .04 .16 1.04 4.32 3.80
7 .01 .08 0.56 3.60 3.70
.8 .03 .29 2.91 3.53
.9 .01 .13 2.26 3.28
8.0 .05 1.70 2.96
1 .01 1.22 2.57
2 0.84 2.13
3 .55 1.69
4 .34 1.27
.5 .19 0.90
.6 .10 .59
7 .04 .36
.8 .02 .20
9 .04
9.0 .01

for the inner electrons.

Tables of total 2Z, and the values of ¢,
JoP2r, and 2v, are also given. The maximum
discrepancy between final estimates and final
values of the total 2Z, does not exceed 0.10.
The last figure of e has significance only as
indicating the resolving power of the method of

computation. The last figure in the other quanti-
ties is also uncertain.
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