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THE SELF-CONSISTENT FIELD FOR Mo+

B Y E. CICELY RIDLEY

Communicated by D. R. HARTREE
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ABSTRACT. The results of a self-consistent field calculation without exchange for Mo+ are
presented.

1. Introduction. A method of obtaining approximations to the contributions to
Z(r) from the electrons in the various wave functions of an atom has been described in
the previous paper (5). I t was desirable to test this method by using such approximations
as first estimates in the calculation of a self-consistent field without exchange. Mo+ was
chosen as the structure to be solved. It lies half-way between Rb+ and Ag+, both of
which are known structures, and the separation of five units of atomic number in each
case is sufficient to make the test a stringent one. Further, a knowledge of the structure
of Mo+ should make it possible to interpolate accurately for other atoms in the second
long period.

2. The method of calculation. Estimates of the contributions to Z(r) were obtained
by the method explained in (5). For the (Is) to (4^) wave functions, the approximations
were derived from the known contributions for Rb+ (Hartree(4)). For the (4d) con-
tribution, the less reliable results for Ag+ were used (Black(i)), since Rb+ has no (4d)
electrons.

The calculations were carried out on the EDSAC, the automatic calculating machine
at the University Mathematical Laboratory, Cambridge. Basically the methods used
were those described by Hartree(3). A few modifications made the computations
more suitable for an electronic machine.

The calculation involves the solution of the equations

)Zp(nT; r)-Zp(nl; r)]-e(nl)-l(l + l)lr*}P(nl; r) = 0,
(1)

where i = degree of ionization, <z(n.T) = number of electrons having quantum numbers
(n'V), e(nl) is an eigenvalue closely related to the energy of an electron in the (nl) wave

function, dZp(n'l'; r)jdr = [Zp(nT; r) - Z{n'V; r)]/r (2)

and Z{n'l';r) = \-[rp*{n'l';r1)dr1. (3)
Jo

A Runge Kutta integration routine from the EDSAC library of subroutines was
used for the integrations (Gill (2)). This performs a step-by-step integration of a set of
first-order differential equations. The second-order equation (1) was broken down into
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two first-order equations, so that for the wave function (nl) the following set of equa-
tions was solved: J r ) . , . . . -.. , . ...

dP(nl; r)\dr = Q(nl; r), (4)

dQ(nl; r)ldr = -{(2lr)[l+i + 2'Zp(riV; r)]-e(nl)-l(l+l)lr*}P(nl; r), (5)

dZ{nl;r)jdr = -P\nl\r), (6)

dZ'Zp(nT; r)jdr = [L'Zp(nT; r)-X'Z(nT; r)]lr, (7)

where S'Z,(nT; r) = SBT0(»T)Z,(nT; r)-Zp(rd; r),

and similarly for S'Z. The estimated £'.Z(?iT; r) is substituted in (7), and the new
value of the contribution to Z(r) calculated from (6) after normalization.

e(nl) was found by successive approximation using a first-order correction suggested
by a discussion with A. S. Douglas. When the estimates of the contributions to Z(r)
have been substituted, (1) becomes homogeneous and may be written

e)P= 0, (8)

where V = V(r) is the effective potential.
Varying e and P, we find that to the first order

(9)

Thus, if the equations (4)-(7) are integrated outwards from the origin to r0 and
inwards from large r to r0 with an estimated eigenvalue, e + Ae, then to the first order,

where the variables for the outward integration bear the suffix x and the suffix y
denotes inward integration. This enables a better value of e to be calculated, and the
integration is repeated until e is obtained with sufficient accuracy. It is necessary to
start with an estimate of e accurate to about 10 %; otherwise the process may converge
to yield a wave function with the wrong number of nodes. The program had facilities
for adjusting e by trial and error until the process of successive approximation could
be used. It is interesting to compare this method of obtaining the eigenvalue with
that used by Hartree. The repeated integrations necessary here may be rapidly
performed on an automatic machine, but would involve prohibitive hand calculation.
Five iterations at most gave e with sufficient accuracy. As the self-consistent field was
approached more and more closely, the number of iterations necessary diminished.

Initially, the estimates for the inner electrons were assumed correct and the outer
electrons were made self-consistent. Only in the later stages were integrations per-
formed for the inner electrons too. To make the self-consistent process converge for
the (4d) wave function it was necessary to take the mean of the estimated and calculated
contributions to Z(r) as the estimate for the next stage. It was found that the con-
vergence for (4p), (4s) and (3d) was improved if this procedure was adopted. For other
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wave functions, the calculated contribution to Z(r) was taken as the estimate for the
next stage. Seven approximations were needed to reduce the maximum difference
between the estimated and calculated contributions to Z(r) for the (4c?)5 group to
0-001. The other wave functions converged more rapidly.

The results are given in Tables 1 and 2. The maximum difference, AZ, between the
estimated and calculated values of the contributions to Z(r) for each group are also
given in Table 2. It is in no case greater than 0-001.
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