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Stark Lifetimes for the Hydrogen Atom*
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The radiative transition probabilities in hydrogen have been calculated for all Stark transitions through
n=25. In general, the total transition probability and lifetime of a particular state are a function of the
parabolic quantum numbers n&, n2, and m. For m&0 and to within an error of the order of one percent the
radiative lifetimes are functions only of n, m. The radiative lifetimes are presented graphically for all states
from n =2 through n =25.

I. INTRODUCTION
'N many processes involving the hydrogen atom the

& - contributions from excited states become important,
and it is frequently of interest to know the radiative life-
times of these states. In most laboratory experiments
involving energetic atoms, the atom is rarely in an en-
vironment free of external 6elds, and the radiative
attenuation of the excited levels of interest is often de-
termined by the Stark lifetimes.

The calculations of the radiative transition proba-
bilities for many of the excited states in hydrogen have
already been reported in the literature. The starting
point for all such calculations is the general expression
for the dipole-matrix element 6rst derived in closed form
by Gordon, ' both in spherical coordinates (field-free
case) and parabolic coordinates (Stark case). These
expressions are generally quite complex and do not lend
themselves easily to numerical evaluation. With the
availability of modern computers, however, it has be-
come feasible to extend these early calculations of the
transition probability to very high atomic levels. In a
recent paper, Green, Rush, and Chandler have tabu-
lated the squares of the dipole-matrix elements for the
field-free (n, 1) states np to n =60. The reader is referred
to their paper for a discussion of the early literature.

Relatively few calculations of the dipole-matrix
elements between parabolic states are available. The
squares of the matrix elements and the transition proba-
bilities have been calculated for the s= 2, 3 levels, "and
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for some of the states of the s= 5 level. ' More recently,
Underhill and Waddell' have tabulated the oscillator
strengths for all series members up to S=18 for the
Lyman, Balmer, Paschen, and. Brackett series in hy-
drogen. These tabulations are not sufhcient, however,
for determining the Stark lifetime beyond n= 5. In this
paper we discuss the results of calculations of the tran-
sition probabilities for all states through s=25. The
tabulation of these results is too extensive to be listed
here, but has been given elsewhere~; the radiative life-
times of all the Stark states through s= 25 are presented
here graphically.

II. qVANTITATIVE DISCVSSION

The radiative transition probability coupling two
states belonging to levels s, s' is given by

A (n'; Nr'n, 'm'l I; rriesm)

4 e2Z'u02

l
(e'; n, 'm, 'm'l rl Nm, e,m) l', (1)

3 L'

where n1, S2, and m are the parabolic quantum numbers
related to the principal quantum number s by n=s&
+Is+m+1

In the evaluation of the matrix elements, we have
used the relation

SI S2 m ~ S .S1S2m

S S] S2m 8 S S1S2m

+2I(~', ~t'~s'm —11~i~ ~term) I'

+2(1+Bmo)
l (e; Ni'n&'m+1l xl e; rrtnrm) l, (2)

where the expressions for the individual terms are given
by Gordon'; in the expression for the first term on the
right we have included a numerical correction factor in
Gordon's original result which has been noted by
Underhill. '
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