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The spectroscopic measurements of Houston and of Chu pertinent to the Rydberg constant have been
adjusted to a new wavelength value (5015.677940.0003 A in air) for the helium line used as a standard by
them. This new wavelength, based primarily on recent measurements by the author and by Series and
Field, replaces the value 5015.675 A accepted by Houston and Chu. The adjustment brings their data into
good agreement with spectroscopic observations relative to the cadmium primary standard made by
Drinkwater, Richardson, and Williams. Cohen’s conclusion in 1952 that the disagreement of Houston’s
and Chu’s results with those of Drinkwater, Richardson, and Williams was due to a discrepancy in the two
standards is thus verified.

In addition, a re-appraisal of the data of Chu and of Drinkwater, Richardson, and Williams has resulted
in a treatment of their observations substantially different from that given by Cohen. The value of the
Rydberg constant resulting from a weighted averaging of all the data, R.,=109737.31240.008 cm™, is,
however, in excellent agreement with the presently accepted value 109737.3094-0.012 cm™ calculated by
Cohen from the data of Drinkwater, Richardson, and Williams.
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INTRODUCTION

HE presently accepted value of the Rydberg
constant is based on calculations by Cohen! in
1952. He re-evaluated the relevant experimental data,
taking into account the effect of the Lamb shift on the
theoretical fine structure patterns of He, HB, Da, and
the He 11 transition at 4686 A. In his least-squares
analysis Cohen included experimental data from
Houston,? Chu,® and from Drinkwater, Richardson,
and Williams* (DRW). However, as had been pointed
out by both DRW and by Birge,® the measurements of
Houston (Ha, HB, He) and Chu (He) were based on
Merrill’s® 1917 value of 5015.675 A for the He 1 line
used as the reference wavelength. Since Cohen allowed
for a possible correction to this wavelength in his
equations, his calculated value for the Rydberg constant
is based entirely on the measurements by DRW of Ha
and Da against the cadmium primary standard vacuum
wavelength 6440.2491 A. The solution to the equations
then gave a least-squares “best” value of the helium
wavelength, 5015.67784-0.0007 A (air), which is 0.0028
A larger than Merrill’s value. This correction to the
helium wavelength indicated by the DRW data is
certainly outside the probable errors in the work of
Houston and Chu.

HELIUM LINE 5016 A

DuMond emphasized, in a memorandum privately
circulated in 1958, that it was unsatisfactory to have
the important Rydberg constant based entirely on the
work of one group. He pointed out that the situation
could be relieved by a simple measurement of the
helium line 5016 A against a well-known reference
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wavelength. I have measured with an evacuated
Fabry-Perot interferometer the wavelength of 5016 A,
using the green line and the strong blue line from a
Meggers Hg-198 electrodeless lamp as reference
standard wavelengths. The experimental details of this
work will be described elsewhere, the only result needed
here being the wavelength of the line 5017.0772-£0.0003
A (vac.) relative to 5462.2707 A and 4359.5625 A for
the Hg'® green and blue lines, respectively. These
values for the mercury lines have been provisionally
recommended by Commission 14 of the International
Astronomical Union.” It is possible that they may
later be altered, but not enough to affect significantly
any results obtained here for the Rydberg constant.

Series and Field® at Oxford have also recently
measured the helium green line in air with the Fabry-
Perot etalon. They measured this line directly against
the cadmium primary standard and obtained a value
of 5015.677540.0004 A in air. The above-quoted
vacuum wavelength obtained by the author reduces to
5015.6782 A when the Edlén® vacuum-to-standard-air
correction is applied. One other value which should be
mentioned is 5015.679 A from the work of Pérard? in
1928. (Pérard’s measurements were apparently un-
known to Chu, Birge, and_Cohen.) The value adopted
here to be applied to the measurements of Houston and
Chu is 5015.67794-0.0003 A ; in any case the remaining
errors in their work are due largely to inaccuracies
inherent in measuring the Doppler-broadened hydro-
genic fine structures obtained by them.

EVALUATION OF THE DATA

The wavelength measurements of Houston and Chu
as corrected by the new value for 5016 A are given in
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TaBLE I. Observational data pertaining to the Rydberg constant. The errors are estimated probable errors. As explained in the text,
air wavelengths from Houston and Chu have been converted to the value 5015.677924-0.0003 A for the helium line used as a standard by
them. Corresponding vacuum wave numbers were obtained from the Edlén dispersion formula. (DRW measured vacuum wave numbers
directly.) The “Balmer line” position [W =R (no2—n."2)] is obtained by subtracting from an observed component wave number the

corresponding calculated separation from the Balmer transition, as given by Cohen.?

Observer and
component

Wavelength (air)
angstroms

Wave number (vac)
cm™?

Balmer line
-1

Rydberg
cm™1

Houston, Hey
Houston, Ha,
Houston, HB:
Houston, HB;
Houston, He,
Houston, He,
Chu, He,
Chu, He,
DRW, HO(]
DRW, Ha»
DRW, HC{a
DRW, Dq,
DRW, Do,
DRW, Dq;

6562.71484-0.0018
6562.85114-0.0010
4861.28284-0.0013
4861.3606-+-0.0022
4685.7057-0.0012
4685.80574-0.0026
4685.7044-+0.0008
4685.8039-:0.0011

15 233.38844-0.0042
15 233.07214-0.0023
20 564.95724-0.0055
20 564.6282--0.0092
21 335.53134-0.0055
21 335.0756--0.0118
21 335.53714-0.0036
21 335.08404-0.0050
15 233.3868+-0.0032
15 233.0670=-0.0014
15 233.25510.0063
15 237.53174-0.0028
15237.2112:+0.0013
15 237.41274-0.0063

15 232.9961-+0.0042
15 233.00270.0023
20 564.5397-+0.0055
20 564.5521-40.0092
21 334.878740.0055
21 334.8788-+0.0118
21 334.8845+-0.0036
21 334.8872-0.0050
15 232.9945+-0.0032
15 232.99764-0.0014
15 232.99214-0.0063
15 237.13934-0.0028
15 237.14184-0.0013
15 237.1496-0.0063

109 677.5724-0.030
109 677.619+£0.017
109 677.545+0.029
109 677.6114-0.049
109 722.233+0.028
109 722.2344-0.061
109 722.263+0.019
109 722.27740.026
109 677.560-+0.023
109 677.583+0.010
109 677.543+0.045
109 707.403-0.020
109 707.4214-0.009
109 707.4774-0.045

a See reference 1.

Table I, along with the measurements of DRW. The
relative accuracy of all the data from Houston, Chu,
and DRW has been carefully reconsidered. Cohen takes
as the probable errors in Houston’s data the mean
deviations, but gives as the probable error in Chu’s
wavelengths what Chu describes as “the mean of the
individual uncertainties.” Chu states that his probable
error “would be perhaps about one-fourth of this.”
This last estimate is probably over-optimistic, but
Chu’s care in correcting for overlapping orders and the
small mean deviations of his measurements would seem
to leave little doubt that Cohen underweighted Chu’s
data relative to those of Houston.! Therefore, the
estimated probable errors given for Chu’s measurements
in Table I are one-half his “mean of the individual
uncertainties.” I have also deviated from Cohen’s
procedure by leaving out of consideration the broad
and uncertain third component of 4686 A measured by
Chu on only two plates. Chu himself did not use it in
his calculation of the Rydberg, and any realistic
appraisal of its probable accuracy would give it neg-
ligible weight relative to the two strong components.
The estimated probable errors given in Table I for the
measurements of Houston and Chu take into account
a 0.0003 A uncertainty for the value of 5016 A.

In their work with the reflection echelon DRW were
able to resolve on some of their plates three components
for both Ha and Da. However, only the components
Has and Da; were measured against the cadmium
primary standard; the other measurements given by
DRW are the ay—as and a;—a3 wave number separations.'
DRW calculated the Rydberg constant from the Ha,
and Da; components alone. Since Cohen’s calculations
gave the theoretical position of all three components,

1 W. V. Houston, in a private letter to the author, has agreed
with this appraisal.

12 Cohen’s notation! is used here in discussing hydrogenic fine-
structure patterns. It should be noted that each of these “com-
ponents” actually includes two or more unresolved components.

he used them all in his treatment of the DRW data.
But it must be emphasized that the o; position was
observed only relative to a,, not relative to the cadmium
standard; and that the measurement of w3 relative to
ay is then twice removed from determination against
the standard. Cohen’s assignment of relative errors in
the absolute wave numbers of the components based
simply on the root mean square deviations of the various
measurements would then seem questionable. It is also
true, as Cohen pointed out, that the agreement of the
measured separations with the theoretical values is not
as good as might be expected from the small deviations.
For instance, the measured a;—as separations in both
Ha and Da are consistently about 0.003 cm™ below the
theoretical value.

Starting from the assumption that the rms deviations
for Hap and Da; (0.0014 and 0.0013 cm™, respectively)
represent the probable error in these components, I
have then doubled the errors given by Cohen for the
a1 components and tripled those given for the as com-
ponents. This somewhat arbitrary procedure should
give a more realistic relative weighting for -the DRW
data. It is felt that Cohen especially overweighted the
a3 components in his calculation. The inherent difficulty
in measuring the center of this component combined
with the remoteness of its determination against the
cadmium standard combine to make its wavenumber
much less well-known than that of the as component.
On the other hand, it would not seem wise to ignore the
a1 and a3 components entirely, especially since including
them in the calculation probably tends to compensate
for the apparent systematic error. noted above. This
compensation should be obtained if the error was caused
by failure to correct either fully for the narrow over-all
“intensity envelope” effect of the echelon or for the
narrowing of the observed separation of the a; and a3
peaks due to overlapping. The fact that the seven
measured Da;-Da; separations are all significantly less



656

TaBLE II. Values of the Rydberg constant calculated from the
data of three independent observers. Errors are standard devi-
ations obtained by multiplying the estimated probable errors by
1.48.

Observer and Rydberg, R R », weighted average
pattern cm™! cm™
Houston; Ha 109 737.34240.023
Hp 109 737.29640.038 109 737.3194-0.018
He 109 737.276+0.039
Chu, He 109 737.31140.024 109 737.3114-0.024
DRW, Ha 109 737.312+-0.014

Da 109 737.31040.013
Weighted average 109 737.3124-0.008

109 737.311£0.010

than the theoretical value of 0.129 cm™ (average
measured value=0.119 cm™, standard deviation=0.002
cm™) might indicate an error of this last kind for the
Da pattern. Houston’s measured Har—Hae and HB:—HpB:
separations are also well below the theoretical values.

RESULTS

The values of R, as determined from the six inde-
pendently observed and measured hydrogenic fine-
structure patterns are given in Table II. Cohen and
DuMond’s® recent values of 9.1082)X1072% g for the
electron mass and 6.02502X10% for Avogadro’s con-
stant give 5.48771X107* for the atomic mass of the
electron. This value was used to obtain the R, values
from the values of the Rydberg for the different atoms
given in Table I. [R,=R;(1+4m/M;), where m is the
electron mass and M ; is the nuclear mass; the nuclear
masses were taken as given by Cohen.!] Since the value
of the electron mass derived from purely spectroscopic

1B E. R. Cohen and J. W. M. DuMond, Phys. Rev. Letters 1, 291
(1958).
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data has an uncertainty almost an order of magnitude
greater than the probable error for the above value,
there seems to be little point in calculating “purely
spectroscopic” values of m and R, except as a check on
the external consistency of the spectroscopic measure-
ments. In his paper Cohen states that the difference
between the “spectroscopic” and ‘“microwave” deter-
minations of m ‘“‘is not statistically improbable” and
adopts a value of R, calculated by neglecting the
spectroscopic m value.

The errors given in Table II are standard deviations
and take into account a small error due to uncertainty
in the electron mass. In all averaging, the weights were
taken as proportional to the reciprocals of the squares
of the standard deviations.

It is seen that the agreement between the three
observers is good. The weighted average of the data
based on the helium 5016 A line, R,=109737.316
+0.014 cm™!, certainly shows no significant disagree-
ment with the value 109737.311+0.010 cm™ derived
from the data of DRW. The almost exact agreement of
this last value with that calculated by Cohen, 109737.309
+0.012 cm™, is fortuitous.* However, no reasonable
treatment of the DRW data would give a result
differing from this value by as much as the standard
deviation.

It is concluded that Cohen’s 1952 calculation of the
Rydberg constant is now supported by the measure-
ments of Houston and of Chu.

1 The final value for the Rydberg constant obtained by Cohen
in 1952 (reference 1), 109737.31140.012 cm™, was altered to
109737.3094-0.012 cm™ by J. W. M. DuMond and E. R. Cohen
in 1953 [Revs. Modern Phys. 25, 691 (1953)]. Apparently, the
earlier value was slightly in error because of a numerical error
made in obtaining the electron mass.



