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Summary
The cross sections for electron collision excitation of the transitions 4S,,—4Py;2
and 4Py, in CalIl have been calculated using a distorted wave Born approximation.
For electrons of energy 4 eV, the calculated values are respectively 6-67:0&(2) and 9- 9rca%.

I. INTRODUCTION

The interpretation of the physical properties of the solar chromosphere
and of various phenomena connected with it is assisted by calculations of radiation
emitted by model atmospheres, such, for example, as have been performed for
hydrogen (Giovanelli 1949 ; Jefferies 1953). To extend these calculations to
the important case of Call the rates of collisional excitation are needed, particu-
larly for transitions between the 48 and 4P levels, which give rise to the H and K
lines. These cross sections are of interest also, as shown by Miyamoto (1953),
in agsessing the role played by non-coherent scattering in the formation of these
lines. In the following, results are given of a calculation of the cross sections
for electron excitation of the two transitions 4s28;,,—>4p2Py;, and 4p°Py,.

II. TeE CoLLisioN CROSS SECTIONS
In atomic units the cross section for excitation, by electron collision, of the
transition n—>n’ may be written, see, for example, Mott and Massey (1949),

N L kB 1 N
o(n—>n )—4712 ¥ 2@T+1) mf‘ms' |(n]V|n)|2dQ, ...... (1)
My,M

k and k' being the momenta of the incident and scattered electrons, m, and my
their spin components, M, and M, the components of the total angular
momentum of the initial and final states of the ion, and dQ the solid angle into
which the electron is scattered. The symbols » and »’ involve both the ion and
colliding electron. The factor 2(2J +1)—equal to 4 in the present cage—arises
from an averaging over the two possible spin orientations of the incident electron
and the 2J 41 values of M,.

The term (n|V|n') is defined by
(n|V|n')= f ¥ V¥dr,
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V being the interaction energy, and the ¥’s representing wave functions of the
complete system, ion and incident electron. The ¥’s should strictly be anti-
symmetrical combinations in the coordinates (space and spin) of the colliding
and ionic electrons. However, for transitions of interest here, it appears (Bates
et al. 1950) that a better approximation is obtained if exchange effects are
neglected, and we accordingly take ¥ to be a simple product of wave functions,

¥, =9,0)xe2) Yo =421)x(2),

where the ionic and colliding electrons are designated respectively by the numbers
1 and 2. '

The {,(1) and ¢y(1) are taken as appropriate linear combinations—as
given for example by Condon and Shortley (1935)—of one-electron wave .
functions, whose radial components are tabulated by Hartree and Hartree
(1935), the angular components being of the central field type.

For the incident electron in the field of the ion, we find

yp=r1k-112 § L,(k,)P, (cos 6){;, ............ (2)
1=0

where
L,(kyr)=(20 4+1)ileu@,(r),

G,(r) being the solution of the differential equation

G () + (K222, [r —U1+1) [r2]@y(r) =0, ........ (3)

which goes to zero as /! and asymptotes to k~1/2sin (kr+7,), v, being a phase
whose magnitude is not required for our problem. The symbols « and B represent
spin functions and P, (cos 6) is the Legendre polynomial. The term 2Z,/r
in equation (3) represents the potential of the free electron in the Call field and
can be found from results given by Hartree and Hartree (1935) who tabulate
2Z, for Cal and CalIl. For Call the mean of these has been used. The wave
function of the scattered electron may be written,

Lo =k Izr—léoL,,(k',r)P,, (cos @){g, ........ (4)

® being the angle between the momentum vector of the scattered electron and
the radius vector.

Taking the interaction energy V to be 1/r,—1/r;, and using well-known
expansions in terms of associated Legendre polynomials, we may now calculate
(n|V|n’) and hence the cross section. The results obtained, for k2=0-30,
are

(452811, —4p?Py;5) =6 -67al,

(48285 —4p?Py5) =9 -9mal.

where a, is the radius of the first Bohr orbit of hydrogen.
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In obtaining these, a sum over the index ! of equation (2) has been made.
It may be shown (Bohr, Peierls, and Placzek 1949) that, for any value of I,
the contribution to the cross section can be no greater than (214-1)maZ/k®.
The values obtained here were checked against this condition at each stage, and
were found to be compatible with it in all cases ; in only one (I=1) did it approach
the limiting value. In fact, the results given above are effectively those due
to the partial wave with I=1.
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