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Parametric values of analytical one-electron wave functions are presented for C, NT,

o*t, F**and Ne*" in the configurations ls22s22p2, 1s22s 2p3 and 1s2 2p*. Corrections
to the energy in the double-configurational approximation for the fundamental configurations

of the above atoms were determined in the double-configurational approximation ls 252 2p2

- 1322p4. The theoretical values obtained for the energy are compared with experimental
data. The total dipole strengths and the probabilities of the transitions 1s 2282p3
- 1822522p2 were determined in both the single- and double-configurational approximations.

INTRODUCTION

‘poly-configurational approximation for beryl-
A lium and boron-like atoms and its effect on
quantities in the theory of transitions were in-
vestigated in the work of reference 1 by means of
-analytical one-electron wave functions. The pres-
ent work is devoted to the study of carbon-like
atoms by means of the above wave functions.

A poly-configurational approach for the case of
the carbon atom was studied in detail in reference
2, using wave functions of a self-consistent field
without quantum exchange. From this work it
follows that in the case of the fundamental con-
figuration of carbon-like atoms, the poly-configura-
tioial approximation reduces in practice to the
double-configurational 1s225%2p2% — 1s 22p4.
Furthermore, the manner of consideration proposed
in part 2 of reference 3 leads to the conclusion
that as long as we use one-electron wave functions
determined in the single-configurational approxima-
tion, then in the case of the configuration

15 2252p3 the poly-configurational approach re-
duces to the single-configurational approximation.
Therefore, in the investigation of quantities in
transition theory for the configuration 15 225 22p?
we use a double-configurational approach and for
15 2252p? a single-configurational approach.

2, PARAMETERS OF THE ONE-ELECTRON WAVE
FUNCTIONS

The expressions for the wave functions and all
the notations used in reference 1 are retained in

1 A. B. Bolotin and A. P. Iutsis, J. Exper. Theoret.
Phys. USSR 24, 537 (1953).

2 A. P. lutsis, J. Exper. Theoret. Phys. USSR 19,
565 (1949).

3 A. P. Iutsis and V. I. Kavetskis, J. Exper. Theoret.
Phys. USSR 21, 1139 (1951).

the present work. The parameters 7, a, b and ¢
were found by a graphical method from the condi-
tion of minimum total energy in the single-configu-
rational approximation. The numerical values of
these parameters and the total energy for the
configurations 1 322322p2, 1 S22S2p3and 1 322p4
are presented in Table I for the atoms C, N*, 0**,
F3t and Ne**. Experimental data for the total
energy, compiled with the aid of reference 4, are
also included in the Table.

By means of the data in Table I, values were
determined for the correction to the energy of the
fundamental configuration in the double-configura-
tional approximation 1s 225 22p2 _ 15%2p*, and for
the constant a,,; the absolute value of the latter
is the weight of the configuration 15 22p* relative
to 1522522p2. The results are entered in Table
IL.

3. THE TOTAL DIPOLE STRENGTH AND THE
TRANSITION PROBABILITY IN THE
DOUBLE-CONFIGURATIONAL APPROXIMATION

For the total dipole strength in the double-con-
figurational approach we obtain the following ex-
pression:

S(SL', SL) (1)
% [N (r2s, 2p);s

T4 2
1+ aj,

+ a1 BN (r2s, 2p)sl2,

4 C. E. Moore, Atomic Energy Levels, Nat. Bur.
Stand. Cir. 467, Washington (1949).
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*
TABLE I

Values of the parameters in the wave functions for the configurations 18228\22p2,
2 3 25 4 . + 3+ 4+ s s
1s“2s2p°, 1s“2p™ of the carbon-like atoms C, N y , O, F°", Ne (energles in

atomic units ).

Configuration a na b nb Zne 2n Etheor. Eexper.
1522522p?
3p 3.61 | 5.70 | 2.25 | 5.14 | 3.10 | 3.16 — 37.600 —37.855
3-3416.7112.90] 5.83 | 414 | 4.02 — 53.765 —54.072
3.15|7-72 | 2.73 | 6.62 | 5.29 | 4.90 — 72.940 —73-317
3.00 | 872 1 2.60 | 7.55 | 6.2% | 5-81 — 95.120 —
2.90 19-72 1 2.50 | 8.38|7.30|6-70 —120.285 —

Do 3.60 | 5.69 | 3.20 | 5.06 | 3.10 | 3.16 — 37.530 —37.209
3.37 1 6-71 | 2.97 | 5.97 | 4.14 | 3.98 -— 53.685 —54.005
316 | 7-71 | 2.75 | 6.71 | 5.22 | 4.88 — 72.835 —73.225
3.01 | &.72 | 262 | 7.59 | 6.20 | 5.79 — 94.985 —
2.9519.72 1 2.50 | 8.35 | 7.21 | 6.68 --120-140 —

8. . ... 3.60 | 5-69 | 3.18 | 5.02 | 3.10 | 3.16 — 37.435 —37.757
3.39 16.71 1299 | 5.92 | 4.12 | 3.96 — 53.555 —53.926
3.18 1 7.71 1 2.80]6.79 | 5:20 | 4-85 — 72.675 —73.120
3.03 | 872|265 |7.63|6.16 | 57 — 94.790 —
2.92 |1 9.72 | 2.55 | 8.49 | 7.13 | 6.66 —119.900 —

1s2252p3

woo 3.52 | 5.68 | 3.20 | 5.15 | 3-03 | 3.22 — 36.995 —37.309
3.25 | 6.65|2.93|5.99 | 4.17 | 4.09 — 52.980 —53.315
3.07 | 7.64 | 2.72 | 6.77 | 5.13 | 4.98 — 71.985 —72.358
2-93 | 8.64 | 2.55|7.52 | 6.14 | 5.90 — 93.985 —
2-80 [9.63 | 2245 | 8.43 | 7.22 | 6.88 —119.010 —

Do 3.53 | 568 |3.23|5.20|3.06|3,22( — 37.065 —37.409
3.30 | 6.66 | 2.87 | 5.80 | 4.08 | 4.04 — 53.065 —53.418
3.07|7.642.75| 6,8 | 5.18 | 4.98 — 71.950 —72.465
2931862260 7.65]|6.29|5.88 — 94 115 —
2.8119.60 | 2-55 | 8-71 | 7.31 | 6.83 —119.155 —

L = 3.42 | 5.67 | 2.90 | 4.81 | 3.12 | 3.32 — 37.245 —37.512
312 | 6.65 | 2.75 | 5.86 | 4.09 | 4.26 — 53.295 —53.577
2.97 | 7.64 | 2.65 | 6.81 | 519 | 5.14 — 72.370 —T72.668
2.87 | 8-64 | 2.55 | 7.68 | 6.20 | 6.02 — 94 .425 —
2.77 | 9.64 | 2.50 | 8.70 | 7.17 | 6.96 —119.505 —

3D ... L. 3.45 | 5-67 | 3.15 | 518 | 3.13 | 3.29 — 37.305 —37.563
3.2216.62|3.00 | 622 4.14 | 4.14 — 53.380 —53.655
3.05|7-65|2.70 | 6,78 | 5.17 | 5.02 — 72.470 —172.770
2-89 | 864 | 2.55|7.62]6.22 | 5.98 — 94.555 —
2.77 |1 9.64 | 2.40 | 8-35 | 7.24 | 6.96 —119.660 —

3 ... ... 3-55|5-69 | 3.22 | 5.16 | 3.01 | 3.20 — 37.045 —37.373
2.3516.69 | 3.00 | 5.99 | 4.07 | 3.99 — 53.050 —53.368
3.18|7.6812.78 | 6.71 | 5.17 | 4.83 — 72.070 —72.419
3.03 | 868 2.60| 7.45|6.19 | 5-73 — 94.105 —
2.88 19.66 | 2.50 | 8.39 | 7.24 | 6.71 —119.135 —

S Lo 3.48 | 5.66 | 3.14 | 5.10 | 3-12 | 3.25 — 37.030 —37.702
3.25 | 6-64|2.95|6.03]4.17 | 4.09 — 53.050 —53.¢60
3.05|7.63]|2.82|7.05|5-25] 5.00 — 72.085 —73.042
2.97 | 8.62 | 2:7217.90 | 6.27 | 5.80 — 94.105 —
2.90 | 9-61 | 2.67 | 8.85 | 7-29 | 6.63 —119.140 —_

1s522p*

P L. 3.59 |567| — | — |30 — — 36.820 —
3-30 | 6.67 _— — 4.04 — — 52.735 —_
3.05 | 7.67 | — — 1508 — — 71.660 —72.024
2-89 | 8.66 | — — [6.10| — — 93.595 —
2.80 | 9-66 | — 710 | — —118.535 —
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TABLE I (continued)

Configuration a na b znb 2ne 27 Etheor. Eexper.
Do 3.59 | 5.67 | — — | 3.00 — 36.760 —
3.30 | 6.67 — — | 4.04| — — 92.650 —
3.05|7.66 | — — | 5.08 | — — 71.555 —71.958
2.89 | 8.65 | — — | 640 | — — 93.470
2.78 1 9.64 | — — | 714 — —118.390 —
S 3.59 (567 — | — [3.00| — | — 36-660 —
3.20 1 6.67 | — — | 4.04| — — 52.520 —
3.05]7.66 | — — | 5.08 | — — 71.400 —71.753
2.69 | 8.64 | — — 1610 | — — 93.275 —
2.7819.63 | — — | 744 — —118.165 —
* Precision of the parameter values * 0.02, and of the energy * 0.005.
TaBLE I
Corrections to the energy in the double-configurational appraximation
for the investigated configurations, values of the constant a;, and of
the non-diag the energy.
Entity ¢ N+ o+t Fs+ Net+
3p
AEB ... —0.018 —0.023 —0.027 —0.031 —0.035
Eyg. . ... ... G.118 0-153 0-186 0.218 0.249
ay . —0.15 —0.15 —0.14 — 014 —0 14
D
AEY o0 L. —0.018 —0.022 —0.026 —0.030 —0.034
Ee ... 0-120 0.153 0.185 0.217 0.248
[ 3 S —0.15 —0.14 —0.14 —0.14 —0.13
18
AEY .. ... —0.068 —0.0%4 —0.100 —0.116 —0.131
Ey, .. .. ... 0-240 0.305 0.372 0.434 0.495
Qys —0.28 —0.28 —0.27 —0.27 —0.26
The integrals N (nl, nl),, and N(rl, nl), . are
wherein s 13 32
equal to unity within the limits of error and are
1Pp_1¢ 1p__a omlfted in Eq. (1). To obtain Eq. (1) it is con-
« p 4 S P 5 D D—D venient to use the methods applied in references
3 +1 1 15 5and 6. Formula (4.3) of reference 1 was used
- +1 for the determination of transition probabilities.
The values of the total dipole strength and proba-
. 3p_§3p 3D l_g sp 3§__ap bility of transitions determined with the use of the
12 5
B _ 1 4 G. Racah, Phys. Rev. 62, 438 (1942).

6 G. Racah, Phys. Rev. 63, 367 (1943).
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TasLE T

Values of the total dipole strength and transition probability for carbon-like
atoms. (The transition probability is in units of 108 per second, all other
quantities are in atomic units ).

Entity c Nt o+ Fot+ Net+
N(r2s, 2phs . . . . . . 1.64 1.25 1.00 0.842 0.712
N(2s, 2p) - . .. . .| 163 | 126 | 1.02 | 0.855 | 0.732
a. ... .. 10-8 6.25 | 400 | 2.84 | 207 | 4o 4
SES, 3P){b. Lo ez | 440 | 288 | 2.06 | 149 f STP
fa...... 130 160 190 210 220
WES, *P)\ o LD 100 125 145 165 175
Mr2s, 2pps - . . . . 1.64 1.25 1.00 0.841 0-725 )
Nir2s, 2p)ss - - o . . . 1] | 122 | 0.995| 0.838| 0.722
a .. ... 778 | 469 | 3.00 | 2.2 | 158 | sp_s
sep g 10 2 6.02 | 362 | 2.70 | 200 f P
fa...... 820 | 11.5 | 14-0 | 16.5 | 17.5
WeP, *Ppy 00 125 | 170 | 2100 | 2.0 | 255 |
N(r2s, 2Phis - - - - - . 160 | 1.24 | 1.00 | 0.8%9 | 0.719 )
N(r2s, 2p)sz . . - - - - 1.60 | 1.24 | 1.00 | 0.840| 0.723
a......| 12.9 760 | 5.02 | 3.52 | 258 | sp_s
SCD, 3P){b ...... 911 | 543 | 363 | 255 | 181 ( PP
fa...... 470 | 6.20 | 7.35 | 890 | 9.00
WeD,*P)\ 7 L 3.95 | 520 | 630 | 7.30 | 7.70 )
N(r2s, 2p)ig - . . . . 1.64 | 1.24 | 1.02 | 0.848| 0.725
N(r2s, 20)g - - - . . . 1.62 | 125 | 1.00 | 0.845| 0.723
a ... .. 3.5 | 2.05 | 1.20 | 0.959| 0701 | 1p_sg
SCP, 15) {b ...... 1.74 | 0979 | 0.694| 0.478| 0.360 !
a. .. ... 2.5 | 27.5 | 325 | 34.5 | 35.0
WEP ISy 10 16.0 | 205 | 24.5 | 26.5 | 27.0
N(r2s, 2Phs - - - - - . 1.6 | 1.24 | 1.00 | o0.87] 0.725
N(r2s, 2p)gs - - - - . - 162 | 1.25 | 1.00 | o0.85]| 0.723
a. .. ... 448 1 256 | 1.70 | 1.20 | 0.876 | 1p_ip
S(#, D) {b ...... 578 | 327 | 247 | 1.52 | 1.14
fa. ... .. 48.5 63.0 74.0 85.0 £9.5
WEP,Dhy o 69-5 | 885 |103 115 120
N(r2s, 2phs - - . . . . 1-63 1.26 1.00 0.833 | 0.719
N(r2s, 2p)gz - - - - . . 1.62 | 1.26 | 1.00 | 0.845| 0.723
i i 3. e 13.3 7.88 | 5.00 | 3.47 | 2.53 | p_ip
SCD, "Dh " L 940 | 570 | 3.62 | 2.50 | 1.0 f
. a. .. ... 58.0 | 73.0 | 86.5 | 97.5 |105
w( D»’D){b ...... 4.0 | 58.0 | 630 | 78.0 | 8.5

Note: a - denotes the single-configurational approximation; b - the
double-configurational.
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parameters in Table I and of the quantities in
Table II are represented in Table III.

4. CONCLUSIONS

From Table II it is seen that the correction to
the energy in the double-configurational approach
in the case of carbon-like atoms increases in ab-
solute value with increase in nuclear charge,
while decteasmg percentagewise. In the cases of
C and 0, the correction to the energy in the

double-confxguratmnal approximation and the con-
stant a,, agree with the results of references 7

and 8.

The results in Table IIl show that the total
dipole strength in the double-configurational ap-
proximation is increased 1.3-2.0 times or decreased
in the same amount, depending on the sign of 8

7 A. Iutsis, Proc. Roy. Soc. (London) A173, 59 (1939)

8D R. Hartree, W. Hartree and B. Swirles, Phil.
Trans. Roy. Soc. 'A238, 229 (1939)
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in (1). The transmon probablhtles 35 -
3p - 3p, 1P - 15, D - D are reduced by 1 2-1.3
tlmes, while the transition probabilities 3P - 3P,
ID ~ 1D are increased by 1.4 -1.5 times.

In the case of carbon-like Aatoms the total dipole
strengths of the transitions 35 - 3P, P - P,

3D - 3P have the ratios 12:9:15 in the single-
configurational approximation and 8.5:11:10 in the
double-conflguratlonal while for the transitions

1p 15, 1p _ 1D, 1D - 1D the ratios are 4:5:15
and 2:6:11 in the single- and double-configurational
approximations, respectively.

The authors consider it their pleasant duty to
express deep thanks to Prof. A. P. Iutsis for his
suggestion of the topic and his constant attention
to the work.

Translated by R. L. Eisner
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