
REFRACTIVE INDEX OF WATER

tables shows that wherever it is possible to give

g sums, that they show an accuracy of consider-
ably better than 1 percent, but we believe this
result to be entirely fortuitous.

The configuration 1s'2s'2p3s is compared with
Houston's7 calculations for this configuration and
the two levels with j= 1 show considerable devia-
tion from L S coupling and gratifying agreement
between theory and observation.

Of particular interest in connection with the
configuration 1s'2s'2p3p, is the line ) 6379, which
has a pattern belonging definitely to a transition
in which Aj=0, thus showing that Fowler and
Freeman's and Pretty's designation of the level

3p 'P& (called by them 3p "Ds) is incorrect, as
pointed out by Edlen, on the basis of selection
rules.

The configurations 1s'2s'2P3P and 1s'2s'2P3d
show a large perturbation of the middle term of
the middle triplet. 3p 'I'I has a g value of 1.530
and 3d 'D2 has a g value of 1.114, the L,S g values
being 1.500 and 1.167, respectively. Both of these
results are too far different from the L,S values to
be accounted for on the basis of experimental

' Houston, Phys. Rev. 33, 29T (1929).

error. No other levels of the configurations are
close enough to produce perturbations of so large
a magnitude. Nevertheless there are perturba-
tions in both cases, as is evidenced by the fact
that the 3P 'I' separations are in the ratio 1.65: 1

instead of 2: 1; and the 3d 'D separations are in
the ratio 2.52: 2 instead of 3:2 for I.S coupling.
In addition to this, it has been pointed out by
Condon and Shortley' that the intermultiplet
separations are also considerably differen't from
the I.S values for the 2p and 3p configuration for
the whole isoelectronic sequence C I, N II, 0 III,
being in the ratio of 2.27: 2 instead of 3:2 for
I' D/D —S Th—ey .attribute this to interaction
between the 2p and 3p configurations. There
could also be ccrc.figuration interaction between
either of these configuration and the configura-
tion 1s'2P4; and between the 3d configuration and
1s'2s2p'. Perturbations of this type are electro-
static, however, and their effects on g values
would come as a result of their spoiling the elec-
trostatic parameters which would in turn perturb
the I.S ratios and thus secondarily affect the g
values.

' Condon and Shortley, Theory of Atomic Spectra
(Cambridge University Press, 1935).
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Wave-lengths were measured in air and water for continuous waves produced by magnetron
and positive grid oscillators. Although high in absolute value, the index of refraction thus
determined shows a decrease with increasing frequency, indicating a start of the drop toward the
infrared value.

INTRQDUcTIQN

'
&

ARLY attempts' ' with electromagnetic
waves from spark sources have been made

to detect experimentally the beginning of the
dispersion region where the index of refraction
of water drops from the long wave value of
y=ge=9 toward the infrared value of p=1.33.
This paper reports an investigation in the

' Nichols and Tear, Nat. Acad. of Sci. Proc. 9, 211 (1923).
~ Glagolewa-Arkadiewa, Nature 113, 640 (1924).

interval of wave-lengths from eight to twenty-
four centimeters, making use of the improved
stability obtainable with the magnetron and
positive grid oscillators as sources of short
electromagnetic waves.

Debye' and Bernal and Fowler4 give some
theoretical discussion indicating probable dis-
persion in this region.

,
3 Debye, Polar 3/Solecnles (Chemical Catalog Company,

1929), p. 85.
~ eternal and Fowier, J. Chem, Phys. 1, 515 (1933),
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FIG. 1. Wave-length measuring system.

ExPERIMENTAL M ETHQD

The wave-length measuring system, Fig. 1, is a
modification of that described by Miesowicz. '
Polarized radiation from the transmitting an-
tenna 1, reinforced by the reHector R, passes
between the screens 5 and up through the tank
of water, reaching the crystal detectors C& and C2
over the indicated paths. It can be seen that each
crystal receives two beams of energy, one of
which has been retarded over the other by pas-
sage through two thicknesses of the water. By
interference, the energy received at either crystal
goes through maxima and minima as the water
thickness is varied. The spacing between suc-
cessive maxima or minima of this interference
curve, plotting current from the crystal detector
against the water thickness, is one-half the wave-
length of the waves in water. Similarly, the
movable reHector shown above the crystal C&

produces interference from which the wave-
length in air can be determined. Fig. 2 shows
several typical curves for both air and water.

The transmitters used are similar in general to
those described adequately in the literature' "

' Miesowicz, Bull. Acad. Polonaise Sci. et Lettres 3—4A,
95 (1934).' Potapenko, Phys. Rev. 39, 625; 40, 988; 41, 216 (1932).

7 Kilgore, Proc. Inst. Rad. Eng. 20, 1741 (1932).' Megaw, Inst. Elect. Eng. , London 72, 313 (1933).' Cleeton and Williams, Phys. Rev. 45, 234 (1934).
"Wold, I.inder and Baden, Proc. Inst. Rad. Eng. 23, 11

(1935).
"McPherson and Ullrich, Inst, Elect, Eng. , London 78,

629 (1936),
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FIG. 2. Typical air and water interference curves.
Curve 1. Air. Xo ——8.53 cm. Curve 2. Air. )0——23.82 cm.
Curve 3. Water. 3a, interference curve for crystal C2,
Fig. 1, 3b, reaction on plate current of positive grid tube
transmitter, 3c, interference curve for crystal C&, Fig. 1.
From curves 3a, 3b and 3c, mean &=1,89 cm,

except that the magnetron tubes were designed
and built to be useful over a range of an octave
for each tube. The positive grid tubes were of
conventional design.

A more elaborate interferometer system, de-
signed to measure the absorption coefficient as
well as the index of refraction, was built and
tried but proved unsatisfactory because of the
intense diffracted energy which came around the
mirrors employed in the interferometer. Its
mirrors were 12 by 16 inches in size. Satisfactory
results might be obtained with a much larger
system, though a greater beam intensity would
be required.

The curves with C2 proved more satisfactory
than those with C~, because the interference with
Cg is superposed upon a straight zero line, while
the interference with C~ is superposed on the
absorption curve for the water, making the peaks
more difficult to locate. This can be seen by
inspection of the water curves of Fig. 2. All
curves were interpreted by taking as many
independent peak-to-peak and trough-to-trough
intervals as possible. Several curves were taken
at each wave-length.



RESULTS

Table I gives a summary of results for each
wave-length and Fig. 3 shows the index of
refraction for water, plotted against frequency.
The two positive grid tubes had almost the same
wave-length. They offered the added advantage
of a third indication of interference, exhibited as
reaction irI the plate circuit of the oscillator itself
as the water level was varied. This reaction is
objectionable, however, and may introduce an
error which could account for the fact that
neither of the points determined with these tubes
fall on the curve described by the magnetron
points in Fig. 3.

The water temperature, recorded in Table I,
was not the same for all the runs, but correction
for this difference" would not shift the points
appreciably in Fig. 3. The variation of index of
refraction with temperature for long radio waves
amounts to 0.23 percent decrease in index per
degree increase in temperature. The extreme
points on this curve were taken at the same
temperature.

CoNcLUsIQN s

Fig. 3 shows a decrease of the index of re-
fraction of water with increasing frequency, in

agreement with the suggestions of Debye' and
Bernal and Fowler. ' However, the absolute value
of the index at the low frequency end of the
curve is greater than that given by p = Qe =+81,
where e is the dielectric constant of water for
frequencies of the order of a megacycle. An
examination of curves 1 and 2 of Fig. 2 at once
suggests that the air wave-lengths for the longer
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waves are not so accurate as for the shortei
waves, due to the experimentally limited motion
of the wave meter, allowing only a few peaks to
be obtained for large 3 while many could be
obtained for small X. The type of anomalous
dispersion discussed by Debye' for this spectral
region would lead to a monotonically decreasing
value of p with increasing frequency as shown in
the International Critical Tables. "However, the
experimental curve of Fig. 3 indicates a rise in the
refractive index in the region between low fre-
quencies and those employed here, and thus
indicates a departure from the theory.

It is anticipated that a colleague in this work
will carry out plans to investigate this method
further. A beat frequency method of wave-length
comparison should prove valuable.

The method employed here should be appli-
cable to the study of the index of refraction of
many fluids having low conductivity.

I 23.82 2.45
II 1'7.76 1.88
III 17.42 1.89
IV 17.02 - 1.85
V 12.65 1.40
VI 11.48 1.30
VI I 8.53 1.02

28
23
23
24
21
25
28

MEAN MEAN
RUN Xo(cm) ) (cm) TEMP.
No. IN AIR IN HyO C TUBE USED

Magnetron g 1
Magnetron g 1
Positive grid g 1
Positive grid 0 2
Magnetron g 1
Magnetron g 2
Magnetron g 2

9.73
9.44
9.23
9.22
9.04
8.83
8.36

3 )& 10»
V =

12.6y, 108
16.9
17.2
17.6
23.7
26.2
35.1

ACKNOW. EDGMENT

I am grateful to the staff of the Biological
Laboratory at Cold Spring Harbor for granting
me facilities to complete this work there. I deeply
appreciate the keen interest and suggestions
given a11 durin this research by Professor Collins
and Dr. Bedell of the department of physics at
Cornell University, where the work began.

"Lattey, Gatty and Divvies, Phil. Map. 12, 1019 (1931), "Intqrngtionat Chica/ Tables 6, 77 (1929).


