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The lifetime of the first excited lP\ state of zinc, calcium, and strontium has been measured by the zero-
field level-crossing technique. The results are: zinc r(1Pi) = L41±0.04X10~9 sec, calcium r(1Pi)=4.48 
±0.15X10_9 sec, and strontium r(1Pi)=4.97±0.15X10~9 sec. The results are compared to earlier experi­
mental results and also to theoretical predictions. It is found that our results are in excellent agreement with 
the Bates and Damgaard Coulomb approximation method for estimating the oscillator strengths. 

I. INTRODUCTION 

TH E problem of determining atomic transition 
probabilities and excited-state lifetimes is an old 

one in physics, although it has received relatively little 
experimental attention in recent years. At the same 
time, advances in photoelectric recording and optical 
techniques make many early methods well worth 
reviewing and revising. Surveys of existing literature 
show a few advances in techniques since the early 1930's, 
while revealing upon occasion a rather considerable state 
of disagreement—not uncommonly by an order of 
magnitude or more—in many "absolute" measure­
ments. Several excellent compilations of previous litera­
ture, tables of numerical values, and review articles 
exist. The best reference for all of these as well as 
individual articles, up to 1962, is the National Bureau 
of Standards monograph by Glennon and Wiese.1 

Most absolute experimental determinations of oscil­
lator strengths or transition probabilities of spectral 
lines have used the "hook" method developed by 
Rozhdestvenski and co-workers at Leningrad over the 
years from 1912 to the present.2 This method and the 
various line absorption methods of measuring absolute 
oscillator strengths all require a knowledge of the 
density of the scattering atoms.3 I t is this requirement 
that presents a limitation to the precision of these 
methods. (For the measurement of relative oscillator 
strengths, however, the "hook" method seems to be 
excellent.) The zero-field level crossing or Hanle effect,4 
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i B . M. Glennon and W. L. Wiese, Natl. Bur. Std. (U. S.), 
Monograph No. 50 (1962). 

2 See various articles in Optical Transition Probabilities, a 
collection of translated Russian articles published by the National 
Science Foundation, Washington, D. C , 1962. 

3 A. C. G. Mitchell and M. W. Zemansky, Resonance Radiation 
and Excited Atoms (Cambridge University Press, New York, 1961). 

4 W. Hanle, Z. Physik 30, 93 (1924); Ergeb. Exakt. Naturw. 4, 
214 (1925). 

on the other hand, does not suffer from this requirement 
in the limit of low vapor densities, and should therefore 
be much more reliable. The level-crossing technique does 
require the production of strong unself-reversed reso­
nance lines and consequently is limited to measurements 
of the oscillator strengths of the first few resonance lines 
of an element. In this respect the "hook" method would 
seem superior since it does not require resonance lines. 

In a previous paper5 the measurement of the lifetime 
of the first excited XP\ state of Cd by the zero-field level-
crossing technique is reported. In the present paper we 
report on the lifetime of the first excited IPi state of Ca, 
Sr, and Zn. In these experiments the resonance radiation 
is scattered from an atomic beam so that the difficulty 
of finding a transparent cell which is not attacked by 
Ca or Sr vapor is avoided. Our results are compared 
to previous measurements and to theoretical calcula­
tions for the oscillator strengths and are found to 
agree surprisingly well with the Bates and Damgaard 
approximation.6 

II. THEORY 

We first present a simple and somewhat restricted 
theory derived on strictly classical grounds, to give as 
directly as possible a physical picture of the Hanle or 
zero-field level-crossing effect. Later, a more generalized 
quantum-mechanical treatment is given leading to the 
same conclusions. 

More than one geometrical arrangement is possible, 
and polarized light need not be used, but the simplest 
arrangement conceptually is probably the following. 
Consider a vapor of the atoms to be investigated—either 
in the form of a free atomic beam, or in a closed evacu­
ated container—with the scattering region at the 
coordinate origin (see Fig. 1). A beam of resonance 
radiation with the E field polarized in the Y direction is 
sent in along the X axis. Absorption of the resonant 
light by the vapor raises the atoms to the excited state 
whose lifetime is to be measured. Classically one may 
consider the resonance light to excite electric dipoles 

6 A. Lurio and R. Novick, Phys. Rev. 134, A608 (1964). 
6 D . R. Bates and A. Damgaard, Phil. Trans. 242, 101 (1949). 
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oscillating along the direction of the Y axis.7 These 
dipoles then re-radiate energy with the usual dipole 
radiation pattern, producing maximum intensity per­
pendicular to, and zero intensity along, the Y axis. 
However, if a magnetic field is present, aligned with the 
Z axis, the dipoles will precess about this field at their 
Larmor frequency co until they re-radiate, u depends on 
the field strength H via the Larmor relation u—yH 
where y is the gyromagnetic ratio: in this case 

y=o)/H=gj/uL0/fi, (1) 

with g/=the electronic g factor and juo=the Bohr 
magneton. The angle of rotation through which a given 
dipole precesses before re-radiating is thus dependent on 
H. Multiplying the sin2 dipole-radiation pattern by an 
exponential damping factor to account for the random 
finite excited-state lifetimes over a large continuously 
excited collection of atoms, and integrating over all 
times, yields the following results for the observed 
intensity of scattered resonant radiation along the F 
axis (at 90° to the incident beam) as a function of the 
magnetic field strength H: 

J 0 

e - r < s i n 2 c o ^ = — 1- r2 

2 L r2+47
2#2 ]• (2) 

where T is the reciprocal of the mean life of the excited 
state and C is an arbitrary constant relating to the 
incident light intensity, the experimental geometry, 
and the number of scatterers. The result is just an 
inverted Lorentzian line shape as a function of H, with 
a full width at half-maximum equal to T. The half-
maximum is seen to occur at a field value H1/2 for which 
4y2H2i/2=T2, or using Eq. 1, when 

T=(2gjfjLoHi/2/1i) sec~ (3) 

Thus, a simple determination of the value of the 
magnetic field required to produce the half-maximum 
level in the Lorentzian line shape serves in principle to 
determine the mean life r = 1/T, since gj is generally 
well known. In practice fairly detailed profiles of the 
scattered intensity were taken as a function of H, as 
described in the next section, in order to carefully 
analyze and verify the Lorentzian shape. If the incident 
light along the X axis is unpolarized, one may carry out 
the theoretical analysis by resolving this light into two 
orthogonal polarizations. For the component polarized 
parallel to the Y axis the treatment is the same as given 
above. For the component polarized parallel to the Z 
axis, the scattered light is independent of the applied 
magnetic field since a dipole oscillating parallel to H 
does not precess. In practice one polarizes the incident 
light parallel to the Y axis in order to eliminate this 
constant background. 

7 The classical treatment gives the correct results for the simple 
case of the excitation from a 7 = 0 ground state to a / = 1 excited 
state. We have not examined the classical treatment in more 
complicated cases. 

FIG. 1. Geometry 
used in Hanle effect 
experiment. J. OBSERVATION 
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In odd A isotopes the presence of hyperfine structure 
may alter the Lorentzian profile in particular cases. 
This occurs since the gF value of the odd isotopes will 
differ from the gj value for the even isotopes. Moreover, 
the Hanle effect is only a special case at zero field of the 
more general "level-crossing" phenomenon discovered 
by Franken and co-workers8 and the observational 
technique used here will also detect these nonzero-field 
crossings. This may then introduce distortions in the 
wings of the Lorentzian profile if fields large enough to 
reach nonzero-field level crossings are used, which may 
be the case with comparatively small hyperfine intervals 
and short lifetimes (e.g., r<10~9 sec). This was not of 
importance for the elements studied here since the 
naturally occuring group II elements contain at most 
small amounts of odd A isotopes and those odd A 
isotopes which do occur all have 7>f. Thus for these 
isotopes the level-crossing signals are a very small frac­
tion of the scattered resonance radiation because of the 
large number of Zeeman levels. 

We shall now give a quantum-mechanical derivation 
for the intensity of the scattered resonance radiation 
from a collection of identical atoms with 7=0, excited 
from the lSo ground state to the 1Pi state and decaying 
back to the x50 state. We will take the externally applied 
static magnetic field to be along the Z axis but will allow 
for arbitrary incident light and observing directions 
(see Fig. 2). The general expression for the rate of 
scattering of resonance radiation has been given by 
Breit9 and Franken8 and is 

R(f,g)«NX 
J fimjmn'gn'm'gn 

- ; r - C ( £ , - £ , ' W 
(4) 

where /Mm= (M 12 • r | m), gMm= (M 1&f • r' | m), /x and ju' refer 
to the excited state magnetic sublevels, m and mf refer 
to the ground-state sublevels, and E» is the energy of 
the fith excited state. Figure 2 shows the spherical 

s P. Franken, Phys. Rev. 121, 508 (1961). 
9 G. Breit, Rev. Mod. Phys. 5, 91 (1933). 
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prove useful by the relations 

e±= exdziey= (cos# cosazLi sina)^** , 

ez= — sinflcosa:, (6) 

r±=rxzhiry, 

so that £'t=%(e+r--\-e-.r+)-{-ezrz. In order to evaluate 
fmix and gmfl we need the matrix elements10 

INCIDENT te^A 
LIGHT pJ' 

FIG. 2. Coordinate and polarization system used in quantum 
mechanical calculation of zero-field level-crossing signal. 

coordinate system used to evaluate R. The incident light 
is directed toward the origin at coordinate angles 6 and 
<p and the light polarization vector e makes an angle a 
with respect to 0 and lies in a plane normal to r. £' and r' 
refer to the scattered light. With this coordinate system 
we have 

£=2(cos0 cos<p cosa—sin<p sina) 

+,?(cos0 sinv? cosa+cos<£> sina) — fe(sin0 cosa). (5) 

We may define a new set of complex vectors which will 

( T A 0 k ± ^ | y , 1, ±l)==FV2e±<r>, 
(7) 

where (r) is the reduced matrix element of r. Let us 
now define the excitation matrix F^^Y^mfumfm^ or 
more explicitly 

\(e+eJ) - e _ V v 2 
-e+ez/^ 

2e+ 

-±P 2 
2F 

eze+/-V2 
eze„/V2 !WI 2 . (8) 

For our simple case the re-radiation matrix G„>p 
— Jlmf gn'm'gm'v is the same matrix as F^ except that 
all quantities are primed since they refer to the scattered 
light. 

I t is convenient for understanding the coherent 
scattering process to break R up into different A/* com­
ponents where Afx= \jx—y!\. Then 

R(f,g) = R(Av=0)+R(Ap= l)+R(A»= 2) , (9) 

and 

* ( A M = 0 ) = £ 
F >Cr , 

; # r - ( • / * ) ( £ „ - £ „ ' ) 2r 

i?(AM=l)= E ^ ^ 

l 
= — ( l - e , 2 - e / 2 + 3 e , V 2 ) , (10) 

i ( £ M - £ i , o ) i 
r (e_e + ' +e + e_ ' )+ ; (e-e+'-e+e_') 

* 

2 e*e/ r t(£i,0—£i,_i) 
r ( e _ e + ' + e + e _ ' ) + — <e-e+'-e+eJ) \, (11) 

o - £ i . 0 V * L * 

£(AM=2) = £ 
" ft/i'&H'H 

r^+CjEi.o-Ei.OV* 

1 

4 
*«' r-(*/*)(£„-£„o cr!+(£u-£i,-i)V^3 

A* M | — Z 

i(E1)1-E1^1) 
X | r ( e _ V 2 + ^ - 2 ) + * ~ ' \ "' ^ ( e +

2 e , / 2 - ^ - V 2 ) 1 . (12) 

For our experimental arrangement 0=0'=§7r, <P=0 , 
<p'=%w. Also £1,1= ~Ei,-i=gjpoH and £1,0=0 so that 
we may simplify the above equations to 

2?(A/i=2) = -
r / 2 sin2a sinW 

r2+(2gJMoiW 
(15) 

If the incident light is polarized with a= |7 r (i.e., 
i?(AM=0)==(l/r)(Jsin2o!sinV+cos2acos2a /), (13) parallel to the Y axis) and the outgoing intensity is 

1 gjnoH sin2a sin2c/ 
R(Afx=l)--

2 T*+(gjvoH/W 

10 E. U. Condon and G. H. Shortley, The Theory of Atomic 
(14) Spectra (Cambridge University Press, Cambridge, 1935), 

Chap. III . 
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measured without polarizers then 

1 
R(f,g)=-

1 

2Lr r2+(2gJMo/WJ 
(16) 

To obtain Eq. (16), the result for the intensity of the 
scattered light, we have summed Eq. (9) for a' and for 
a '+7r/2 since this takes account of both orthogonal 
components of the outgoing beam. 

Experimental Details and Results 

In Fig. 3 is shown a schematic diagram of the 
apparatus. The beam source is a stainless-steel oven 
positioned about 4 in. below the scattering region. The 
beam effuses through a |-in.-diam crinkle foil aperture 
at the top of the oven and is further collimated into a 
l-in.-diam region as it passes vertically through the 
scattering chamber. The beam is then collected on a 
liquid N2 trap. A beam flag is provided to determine the 
degree of instrumental scattering in the absence of the 
beam and to aid in aligning the optics. Under actual 
conditions of operation the instrumental scattering can 
be reduced to several times the dark current of the 
photomultiplier while the resonance radiation scattered 
from the beam can easily be made 30 times the dark 
current. In this arrangement the dc scattered resonance 
radiation signal is collected by an aluminized light pipe, 
passed through a narrow-band interference filter for the 
^O-^JPI resonance line in order to reduce the scattered-
light background, and detected by a Dumont 7664 
photomultiplier. The photomultiplier output is further 
amplified by a Hewlett Packard 412A vacuum-tube 
voltmeter and displayed on a servo recorder. 

The externally applied vertical magnetic field at the 
scattering region was calibrated by proton resonance 
and found to be 7.51db0.02 G/A. The principal compo­
nent of the stray magnetic field at the scattering region 
was 0.35 G in the vertical direction. This field was not 
compensated but was taken into account in evaluating 

TO MICROVOLTMETER 

PHOTOMULTIPLIER 

ATOMIC BEAM' 

HELMHOLTZ COIL 

FIG. 3. Schematic diagram of apparatus. 
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FIG. 4. Normalized plot of level-crossing signal versus magnetic 
field for zinc. 1, 2 and 3 are theoretical curves. Only the portion 
of the curve near the half-width is shown. 

the data. Most of the measurements were made with the 
incident light polarized with the electric vector in the 
direction of observation. Measurements were also made 
with unpolarized incident light and gave the same 
results. 

The data was taken in the following manner. By 
means of a reversing switch, the intensity / of the 
scattered light was recorded successively with the mag­
netic field in the " u p " and then in the "down" direction. 
A series of about ten such determinations for values of 
H between 0 and 200 G comprised a run. A plot of / 
versus H with the zero-field scattered-light intensity 
subtracted should be an inverted Lorentzian curve. 
From an approximate value of r and the value of I at 
the larger magnetic-field values we may obtain the 
constant C in Eq. 2. For each run, after C has been 
determined, the experimental curve is normalized to 
unity amplitude and plotted together with a family of 
theoretical Lorentzian curves with different values of r. 
In this way r and an estimate of the uncertainty in r 
can be obtained. Between 10 and 15 runs were taken 
for each element and the values for r quoted below are 
the average values derived from these independent 
runs. Figures 4 and 5 show typical data for zinc and 
calcium. The slight asymmetry between the field up and 
the field down points for calcium is due to the incident 
and observing directions not being exactly perpen­
dicular. Careful arrangement of the optics can eliminate 
this asymmetry. We find for the lifetime of the XPX 

states the following values: r(Zn) = 1.41±0.04X10~9 

sec, r(Ca) = 4.48d=0.15X10-9 sec, and r (Sr) = 4.97 
±0 .15X 10~9 sec. The quoted errors are twice the stand­
ard deviations for the different runs and represent a 
conservative estimate of the accumulated uncertainty 
arising from possible instrumental inaccuracies. We 
have taken gj=1.00 in obtaining r from the measured 
linewidths. 

The beam density was varied over a factor of about 
20 during these measurements in order to detect and 
correct for coherence narrowing. At the highest beam 
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FIG. 5. Normalized plot of level-crossing signal versus magnetic 
field for calcium. 1, 2, and 3 are theoretical curves. 

densities a narrowing of a few percent was obtained. For 
this reason the results quoted are from those runs taken 
at low-beam densities. 

The possibility exists that self-reversal in the lamp 
might affect the results. One would expect this effect to 
distort the Lorentzian line shape. This would occur 
because as the magnetic field is increased at the scatter­
ing atoms, the A w = ± l Zeeman levels of the atom 
would scan a higher intensity part of the lamp profile, 
and consequently the scattered light would increase 
faster than it would for a flat profile. No such distortion 
of the measured Lorentzian shaped lines occurred to 
within the accuracy of the experiment. 

Finally, we wish to mention that originally data for all 

TABLE I. Zinc. 

Author 
Quantity 
measured Result 

Filippov* 
Auslanderb 

Present work 
Landman0 

Billiter-Soleilletd 

Byrone 

Dumontf 

r(»PJ/rpPJ 

rPPi) 
r ( 3 Pi ) 
r ( 3 Pi ) 
r ( 3 Pi ) 

6.76X10-5 

2.3X10-9 sec 
1.41±0.04X10~9sec 
1.38±0.05X10-9sec 

2.1X10-5sec 
2.0±0.2X10-5sec 
2.9-3.5X10-5sec 

a A. N. Filippov, Physik Z. Sowjetunion 1, 289 (1932). See also Optical 
Transition Probabilities, a translation of selected Russian articles published 
for the National Science Foundation, Washington, D. C. by the Israel 
Program for Scientific Translations, Jerusalem, 1962. In this paper the ratio 
of the oscillator strengths is given and we have converted to the lifetime 
ratio. 

b J. Auslander, Helv. Phys. Acta 11, 562 (1938). 
« A. Landman and R. Novick, Phys. Rev. 134, A56 (1964). 
d W. Billeter, Helv. Phys. Acta 7, 841 (1934); P. Soleillet, Compt. Rend. 

204, 253 (1937). 
• F. W. Byron, M. N. McDermott, R. Novick, B. W. Perry, and E. 

Saloman, Phys. Rev. 134, A47 (1964). 
f M. Dumont, These de Troisieme Cycle, Paris, 1962 (unpublished). 

Author 
Quantity 
measured Result 

Prokofeva 

Steinhauserb 

Ostrovskii et al.c 

Ostrovskiid 

Odintsove 

Present 

r^P^/r^P^) 
r{lPi) 
rCPi) 
rpPO 
rpPi) 
T P P I ) 

1.25X10-5 
3.5X10-9sec 

6.2=fclX10-9sec 
5.40±0.14X10-9 sec 

5.0±0.3X10-9 sec 
4.48±0.15X 10-9 sec 

* V. K. Prokofev, Z. Physik 50, 701 (1928). 
b A. Steinhauser, Z. Physik 95, 669 (1935); 99, 300 (1936). 
c I. Ostrovskii, N. P. Penkin, L. N. Shabanova, Dokl. Akad. Nauk. SSSR 

120, 66 (1958) [English transl.: Soviet Phys.—Doklady 3, 538 (1958)]. 
<*I. Ostrovskii, N. P. Penkin, Opt. i Spektroskopiya 11, 565 (1961) 

[English transl.: Opt. Spectry. (USSR) 11, 307 (1961)]. 
e A. I. Odintsov, Opt. i. Spektroskopiya 14, 322 (1963) [English transl.: 

Opt. Spectry (USSR) 14, 172 (1963)]. 

three elements, with standard deviations of 3-6%, were 
taken with a somewhat cruder version of the present 
apparatus. The data presented here were obtained in a 
physically different location, with entirely different 
hardware, including different recording instruments and 
calibrating standards. The results presented here fall 
within the standard deviations of the preliminary 
results. This degree of care was taken in part because of 
disagreement between the preliminary data and pre­
vious values in the literature. 

Discussion of Results 

Tables I, II, and III list the present and previous 
results for the lifetime of the first excited lPi and 3Pi 
states of zinc, calcium, and strontium. These lifetimes 
have been calculated from the quoted / values by use 
of the relation3 

mc g2 g2 

fT = \ 2 = 1.499—X2. 
8?T262 g i gi 

In the case of zinc, one has excellent agreement between 
the present results and those of Landman although it 
should be observed that both of these experiments 
employ the zero-field level-crossing technique. More­
over, the ratio of our r(1Pi) to the r(3Pi) of either Byron 
or Billiter-Soleillet is in excellent agreement with the 
ratio measured by Filipov. For the cases of calcium 
and strontium our r(1Pi) is lower than those of the 

TABLE III . Strontium. 

Author Quantity Result 

Prokofev* 
Ostrovskii et al.h 

Ostrovskii and Penkinc 

Present work 

rpPO/rpPi) 
r(lPi) 

rQPi) 

2.69X10-5 
6.38X10~9sec 
6.2X10~9sec 

4.97±0.15X10-9sec 

a V. K. Prokofev, Z. Physik 50, 701 (1928). 
b I. Ostrovskii, N. P. Penkin and L. N. Shabanova, Dokl. Akad. Nauk 

SSSR 120, 66 (1958) [English transl.: Soviet Physics—Doklady 3, 538 
(1958)]. 

0 Yu. I. Ostrovskii and N. P. Penkin, Opt. i Spectroskopiya 11, 565 (1961) 
[English transl.: Opt. Spectry. (USSR) 11, 307 (1961)]. 
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T A B L E IV. In termedia te coupling coefficients. 

Lifetime rat io 
Wolfe method method 

Zn ci 0.5656 0.5657 
c2 0.8247 0.8246 

Sra a 0.5519 0.5526 
c2 0.8339 0.8334 

Ca a a 0.5709 0.5717 
c2 0.8210 0.8204 

a We use the Prokofev lifetime ratio in the case of Ca and Sr since no 
direct measurement of T\3PI) is available for these elements. 

Russian measurements, however, we note that their 
most recent results are in better agreement with ours. 
We do not know the source of these discrepancies but 
we should point out the following fact: The recent 
ingenious improvement in the hook method11 utilizes 
total absorption to measure Nfl\ The use of this method 
requires that the absorption follow a Lorentzian law at 
about three Doppler widths from the line center or 
typically about 200 times the natural linewidth from 
the line center. It is important to note that this has 
never been checked experimentally and any deviation 
from a Lorentzian line shape well out in the wings of the 
line could lead to erroneous results. 

The excellent agreement in the case of Cd and Zn 
between the hook measurement of TQP^/T^PI) and the 
recent measurements of r(1Pi) and r(3Pi) for these 
states indicates that one may get good estimates of 
r(3Pi) by using our r(1Pi) and the ratio obtained from 
the hook measurements. 

It is also of interest to compare the intermediate 
coupling coefficients12 a and c% for the xPi and 3Pi states 
as derived from lifetime measurements with those 
derived from Wolfe's12,13 theory which makes use of the 
deviation of the fine structure from an interval rule. 
This theory takes account of spin-orbit and spin-other-
orbit interactions but does not allow for spin-spin inter­
actions or the fact that the xPi and 3Pi states can have 
slightly different radial wave functions. The values of 
c\ and ci calculated by the two different methods are 
given in Table IV and are in very good agreement. 

11 Yu. I. Ostrovskii, N. P. Penkin and L. N. Shabanova, 
Dokl. Akad. Nauk. SSSR 120, 66 (1958) [English transl.: 
Soviet Phys.— Doklady 3, 538 (1958)]. 

12 A. Lurio, M. Mandel, R. Novick, Phys. Rev. 126, 1758 
(1962). 

13 H. Kopferman, Nuclear Moments (Academic Press Inc., 
New York, 1958). 

TABLE V. Comparison of theoretical and experimental values 
of the oscillator strengths. 

Ca Sr Zn 

\(}S0-
lPi) 42271 4608 A 2139 A 

/ ( exp) a 1.80 1.92 1.46 
fB&D)h 1.83 1.90 1.49 
/ (Vainshtein)c 2.32 
/ (Trefftz)d 1.737-1.223 

a Present work only. 
b D. R. Bates and A. Damgaard, Phil. Trans. 242, 101 (1949). 
c L. A. Vainshtein, Transactions of the P. N. Lebedev Institute, Vol. XV. 

(English translation available from Consultants Bureau Enterprises, Inc., 
New York, 1962.) 

d E. Trefftz, Z. Astrophys. 29, 287 (1951). 

As pointed out in the introduction, the lifetime of the 
lPi state provides a test of approximate methods used 
to calculate the oscillator strength of the lP\ to 1SQ 
transition. The prediction of the Coulomb approxima­
tion method of Bates and Damgaard6 can be obtained 
by making use of the formula of Gars tang.14 

(150||P||1Pi)= - ^ ( c i + ^ V ^ - V o V , 
and 

SiJJ1)^ | -^/2(c1+^2c2)a\2^6a2
> 

where a2 is obtained for the p electron from the tables 
given in the Bates and Damgaard paper. The estimate 
of the oscillator strengths / from this calculation is 
shown in Table V. Also included in Table V are other 
estimates for / using explicit forms for the wave func­
tions of the two states. The surprising conclusion to be 
drawn from Table V is that the Coulomb approximation 
is in very good agreement with the experimental results. 

Note added in proof. After this article was submitted 
for publication a paper with the following reference ap­
peared: E. Hulpke, E. Paul, and W. Paul, Z. Physik 
177, 257 (1964). In this paper the following results are 
given: r(Ca) = 4.67^0.11XIO"9 sec and r(Sr)-4.56 
±0.21 X 10~9 sec, which are in excellent agreement with 
ours. As in their paper we have also considered the 
transitions from the lP\ to the lD2 state to be negligible 
compared to the decay to the ground state. 
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