e VS8 O3 D e B T LR AN 1Y
i RiplTd iz
TEx BHZ

(HAARKBRAZT) (WAL T B R
o B
FRAHE N SRR 3% Morsed | $E (Youny) 7 S50 (7 2K Haorwits) = A @83 7 ik
AETFEEAT 1528 B Sp B (IR T il T HE M b 2R, S50 R A
UL AES AN S I3 T A0 s Jrvk T A tva ek B I B4 AT LR R, SRS SR
TRH]— 25, TUEEIT BN T MR HYT fo s+ A4 5 s & A IF
BEns, By LRI ey 15 1k i Byl i BB AR T SR

—. Il &

BRI F A - P R M AL A, DARTEr 7 DI AR W v o5 ik ke E.
— AR B IERNTT- T, SR B, R IR H R &
Rz 1] 45

I i 5
L= T T NG

EXrhy »® RRTT BT R IRME » BT, ¢ f1 m 4B RELNE
MFER, 1 C R, K » KRUHENMEHBFRIER. £ETHE
i EXBIRRAE, (B 2 MM R — A0y, TR TRk Hiy:

* 1952 429 §| 156 BTy
f2:1] Stoner, “Magnetismi and Atomic Structure”, 1926.

93



94 t ¥ L R S %

1‘=fw*)-"1pd'r/ y*ydr, (2)

EXh &y REFEFWMEED, v* 8 v Wdmiig Q) XBigpm a7 KB
FRNE 22 ) h RE B C, TRE S RS 4R R AR 2R P BT,

4 N R—5 TR (R b il 8, Al—3ERT-my b wy
BEALEE LS

X == ()7'{( 2 r® ®)
%
Ha=— 1(:/:1 (a' 2 * (4>

A P InnE r BDL o B, oo BEFH—ETWWEHALRE. EDT
HIRTE D, FLEEMERSEL a0 £SRLAL.  IRMRUWER: m. e, 20, C, . N WafEE 2 R X
(4) & \

da=—0.792 x 10-6% 7%, (5)

7t B 246 32080 3] gkt 40 43 31| BT 48 D 120 15 St

5
ITo==

(Zf a5 L1 ‘i‘ {1- '}‘(‘1‘+T:)‘: 1] (6)

HUSEHEH AR 500 7~ (sl 1) ABuasi i RiAL 2 A5

1= — 0792 x 10— Gz 40) {1+%{1—&le§_—é—}], (7)

EXi (7 - o) ﬁﬁ}&ﬁﬁm w2 ML SRR T ERMERTH. Rk

B o PR ERE, SRR T — S T A TR R R (BRE R
VI). ﬂﬁﬁ’l“f‘ﬁf’ﬁﬂ TEFERR L ETE . .

[EE 2] R. Bnge Rev. Modern Phys., 13 (1941), 233.
[2£.3] Van Vleck, Proc. Nat. Acad. Seci., 12 (1928), 662.
(2t 4] Pauling, Proc. Roy. Soc., A, 114 (1927), 181.
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(3£ 12] @1&#% Slater and Frank, “Introduction to Theoretical Physies”, p. 434.
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104 ' t g ol W 94

A CALCULATION OF THE DIAMAGNETIC
SUSCEPTIBILITIES OF ATOMS AND IONS WITH
VARIATIONAL WAVE FUNCTIONS*

By
Kou TsING-TSUAN
Departmere of Physics, Northeast People’s University, Changehun
AND
Cuanc Kat-1

Northeast Instinze of Technology, Shenymg

ABSTRACT
Various attempts!!-8 have been made (o calculate the diamagnetic
susceptibilities of atoms and ions. The formulas for the diamagnetic

susceptibility of a gram atom is

= —NCR T (1)

6mce®

where 72 is the time average of the square of », the distance of the electron
from nucleus, e the charge of electron, m the mass of electron, C the
velocity of light, N the Avogadro’s number, and ao the radius of the first

#* Received September 15, 1962. ' : v
[11 Van Vleck, Pro¢e. Nat. Acad, Sci., 12 (1926), 662.

[2] Pauling, Proc. Roy. Soc., A. 114 (1927), 181.

[3] Slater, Phys. Rev., 36 (1930), 57.

f4] Angus, Proc. Roy. Soc., A. 136 (1932), 569.

(6] Stoner, Proc. Leeds. Phil., 1 (1929), 484,

—— -
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Bohr orbit of H-atom. The distance r is expressed in units of . The
summatipn is extended over all the circumnuclear electrons. Putting into
equation (1) the numerical values(®) of the physical constants m, e, as, C,
and N we have \

fa=—0792 x 10-63 2. @)

The value of 72 is calculated according to the formula

- ﬁ:fw*rﬂwdt/fw'wa (8)

where v is the wave function for electron and * the. complex ccn-
jugate of .

In the calculation of the values of 72 and susceptibilities Pauling (2]
and Slater!® have madc use of rough approximate wave functions, and the
effective quantum numbers and nuclear charges were estimated by em-
pirical rules. The nodes of the wave function used by Slater are neglected
and, in addition, the separate orbital wave functions are not all mutually
orthogonal.‘ The method has been improved by Morse, Young, and
Haurwitz(® to remove these defects, These authors take the wave func-
tion of an atom to be the appropriate sum of determinatal wave functions
in which the wave functions of the component orbits are assumed to be

i1s:y, ==(p3a3/7t)%e""“’,

1s iy (U5/3m N [re= — (347 u)emwr],

2p: Yy == (udcb/ n:)%rcos 6 emper, (4)
Y, = (u/2 n:)% rsin Gl -per,

: w5=(y565/2n)%rsin6e‘i9"ﬁ‘”,

{6] R. Birge, Rev. Modern Phys., 13 (1941), 233. i
[7] Morse, Young, and Haurwitz, Phys. Rev., 48 (1935), 948.



106 tn ] 2 Eies S %

The constant A is determined by the condition that the wave func-

tions vy and vy are orthogonal. Its value is given by
A= (a+ bP/(1 + a)
The constant N is a normalizing factor
Ne=1—484/(1 + b)*+ 342/

For each state of'ah atom the values of the four parameters a, b, ¢,
p are determined by the variational method. The best parameters and
total energies for a number of atomic states containing 1s, 2s, and 2p
electrons have been computed by Morse, Young, and Haurwitz. Their
results are fairly in agreement with experimental vélues. We shall use
their wave functions and parameters to calculate the values of 72 and
susceptibilities.

\ Inserting.the wave functions (4) in the formula (3), the values of
re for 1s, 28, and 2p electrons can be readily evaluated. They are

- 3
= (way '
3 1 _ 198 4 6 A2
T up N{1 A+ ep T w}’ ®)
—_—— 50
= Gucp

Therefore the diamagnetic susceptibility of a gram atom is
xa= — 0792 x 10-8(8y 7}, + Syr%, + Py73,)

in which the symbols Si, Sz, and P: denote the numbers of 1s, 2s, and 2p

electrons respectively.
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In this way the susceptibilities of a number of atoms and ions with
completed groups and subgroups ¢ontaining 1s, 2s, 2p, electrons have
been calculated and the results are collected in Table I. The values ob-
tained by Pauling(?l and those calculated by Angus) using both Slater’s
method and his modification of Slater’s method are given in this table
for comparison. The values marked » are those obtained by the authors
using Slater’s and Angus’ methods. From this table it is seen that the

values calculated by the present method are greater than those calculated

Table 1. Comparison of Calculated Susceptibilities

— g % 108
Atoms /
Pauling Slater Angus Th:‘f}fs ;:nt
Two-electron
Atoms
He 1.56 1.65 165 1.66
Lik 0.62 0.65 0.65 0.65
Be -+ 0.33 0.3% 0.34 0.35
Bs+ 0.21 0.22 0.22 0.22
Gi+ . 015 0.15 0.15 015
N5+ 0.11 0.11 0.11 0.11
Os+ 0.08 0.08 0.08
P+ 0.06 0.06 0.06
N8+ 0.05* 0.05% 0.06
Four-electron
Atoms
Be 12.8% 12.8* 139
R+ 5.6R% 5.63% 685
C++ B.19% 3,19+ 398
NS+ 2.01% 2.01» 3.78
Otk 1.41% 1.41% 1.86
s+ 1.06%* 1.06%* 138
Ned+ 0.81% 0.81% 1.09 -
Na7+ 0.70* 0.70%* 0.86
Mg8+ 0.57% 0.57% 0.65
Ten-electron
Atoms
F-1 7.94 , 8.14 7.1 8.66
Ne 5.59 §.61 497 6.13
Na+ 412 4.08 3.67 4.57
Mg++ 314 312 2.8% 3.42
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by other methods. This means that the improvement of the wave function

has the effect of increasing the susceptibility.
The rare gases were measured by Wills and Hector® with an ac-
curacy claimed to be 2 per cent. The experimental values are given in

Table IT and cbmpared with the values calculated by different methods,

Table IT. — x4z % 108

Calculated

Atoms Experimental
Paunling Slater Angus T:iﬁff::m
He 1.88 1.51 1.65 1.65 1.66
Ne 6.66 - 5.59 561 . 4.97 * 613

It is seen from this table that the values calculated by >the present mcthod
are in closer agreement with experimental data than any of the other
calculated values. The improvement given by the present authors is large
for atoms contzining 2s, and 2p electrons. This is due to the fact that
the wave functions and parameters for 2s and 2p electrons used by us
are more precise, _

1t is seen from Tables I and II that for atoms containing 23, and 2p,
electrons the values calculated by Angus using his modification of Slater’s
method are too low and depart from the experimental data widely. The
large discrepancy indicates that his modification of Slater’s screening rule
in evaluating the values of the effective nuclear charges used in the calcula-
tion of susceptibilities is unjustifiable.

In evaluating the effective nuclear charge for 2s electron Angus rule
involves the assumption that 2s electrons lie on an inner shell inside that

of 2p electrons and that the 2p electrons give no contribution to the

8] Wills and Hector, Phys. Rev., 23 (1923), 209; 24 (1924), 418,
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screening constant of a 2s electron. This assumption is unjustifiable
since each 2p electron really has charge distributed over all distances, and
it is possible for part of the charge to be inside, part outside, the shell of
the 23 electrons.

The diamagnetic susceptibilities of 100 atoms or ions have been
caleulated by Angus using his modification of Slater’s method. Owing to

the fact and reason mentioned above, all his results are unreliable.



