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Wavelength Shifts in Hg" As a Function of Temperature
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The wavelength shifts for the green (5460A) and blue (4358A) lines emitted from an
electrodeless discharge lamp of Hg!¥® have been studied as a function of the temperature of

the water jacket of the source. The

values of the wavelength shifts observed for the green

and the blue lines are (8.5+3) 10% A/°C and (2-£1) 107% A/°C, respectively.

1. Introduction

When satisfactory electrodeless discharge lamps
containing a single 1@0t0p0 of mercury became avail-
able, several r(*ports [1, 2, 3] * were given recommend-
ing the use of this source as a %ocondMy standard
of wavclongth.

The ease of construction and operation of elec-
trodeless discharge lamps of Hg'™ and the high
mtensity and relative sharpness of the widely spac ed
lines of this source have contributed to its wide
general use for many interferometric and metrological
purposes. There are no isotope shifts or hy pmhno
structure in the lines of Hg'® and because the atoms
can be excited at lelallvcly low temperature and
vapor pressure, the wavelengths can be determined
with great accuracy.

Two of the most commonly used spectral lines
from this source are the green line (5460A) and the
blue line (4358A). For visual adjustment of inter-
ferometers the green line of Hg'™ is highly satisfac-
tory and has been used extensively by several workers
because it lies in the spectral region to which the
normal eye is most sensitive.

Although an electrodeless Hg!'’® discharge lamp
is convenient to use, the radiations emitted from
this source suffer small wavelength shifts due to the
pressure of the carrier gas and a change of vapor
pressure of the mercury. Baird and Smith [4] have
measured the shift due to the carrier gas pressure
for a number of lines. They also pointed out the
necessity for operating the source at a low tempera-
ture, preferably below 10 °C, [5] to reduce the
asymmetric broadening and self absorption observed
at higher temperatures. No quantitative measure-
ment of this shift has as yet been reported.

Precision measurements of the wavelength of the
green Jine have been reported by a number of

laboratories. [6-11] These values are in disagree-
ment. The discrepancies among the reported values

might be due in part to the differences in the oper-
ating temperatures of the lamps. Consequently,
a quantitative study of the effect of temperature
was made. This paper reports the observed wave-
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length shifts of the green and blue lines as a function
of the temperature of the water jacket of the source.

2. Experimental Details

The source was a Hg'® electrodeless discharge
lamp of the type desc ribed by Meggers and W estfall
[12]. It contained 1 mg of mercury. The carrier
gas was argon at a pressure of 3 mm of mercury.
The 1 amp was excited with a Ravtlnon microwave
generator at a frequency of 2 2,450 Me/s, and was
operated in a jacket in which water was cireulated.
The radiation from this source illuminated a vacuum-
enclosed Fabry-Perot interferometer with plate sepa-
ration of 104.55 mm. The interference patterns
were imaged on the slit of a quartz prism spectro-
graph by an achromatic lens of 75 em focal length.
The temperature of the water wasYmeasured to an
accuracy of +0.1 °C with a thermometer placed
close to the outlet. When a constant water tempera-
ture was indicated, interferograms were taken with
Kodak spectroscopic plates 103a—I. The exposure
times were ten seconds and one minute at tempera-
tures of 40 and 5 °C, respectively. Twenty-four
exposures were made at alternate temperatures of
llw ater jacket of 5 and 40 °C. This procedure

ras 101)('110(1 for temperatures of 5 and 22.5 °C.
'lhv diameters of nine rings in the interference
patterns for the green and blue lines were measured.
Trom these measurements the fractional order at
the center of each pattern was determined by using
a procedure described by Meissner [13].

3. Results

salculation of the change
temperature of

The formula used for the
in wavelength due to a change of
the source is
)\2 €1 €2

AN=0 T, — T,
where A\ is the change in wavelength per degree
centigrade; 1’1, T, are tho lower and lmrllm' tompc Q-
tures of the water jacket of the source.

\ is the v 1\'(‘10110’1}1 of the line being measured.

t is the plate separation of the interferometer.

€, & are the average fractional orders measured at
the specified temperatures.
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The results obtained are summarized in the follow-
ing table:

Nominal No. of Wavelength
wavelength Ty T determi- | shift > 108
nations
A °C = A/°C
5460 ___ 5 40 10 +9.5+3.0
5460 _________ 5 22.5 10 4+7.5+2.5
Average +8 543
4358 _____ 5 40 10 +2.040. 8
4358 . 5 22. 5 10 +2.1+1.3
Average -, Wzs 1l

The precisions indicated in the last column are average deviations.

The results indicate that the wavelength shift is
nearly a linear function of temperature. Note, how-
ever, that the shift observed for the green line is
about four times greater than that for the blue line
and in the same direction. In both cases the wave-
length increases with temperature. The green line
also suffers to a greater extent from self absorption.
These differences might be attributable to the fact
that the lower state of the transition from which the
green line arises is metastable. Therefore, for pre-
cision work using this source, the blue line at 4358A
would appear to have advantages over the green line
at 5460A.

The author expresses her thanks to the National
Bureau of Standards and to A. G. McNish, Chief of
the Metrology Division, for providing laboratory
facilities. Tt is a pleasure to express my sincere
thanks to K. G. Kessler, Chief of the Spectroscopy
Section, for suggesting the problem and to V. Kauf-
man for his continuous encouragement and helpful
suggestions.
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