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For the aim of multi-properties measurement for gas samples, an oxygen-free copper
cylindrical cavity, whose inner diameter and length are 24 mm and 50 mm, respectively,
was made to measure acoustic and microwave resonances. Capacitive microphones
were used to measure the acoustic resonance, and copper semi-rigid cables were
fabricated to make antennas for the microwave resonance measurement. The acoustic
and microwave resonances in the cylindrical cavity were measured by using a
commercially available frequency response analyzer and network analyzer,
respectively. Resonant frequencies and half-widths of the acoustic and microwave
resonances were determined by non-linearly fitting the measured amplitude and phase
data set to the modified Lorenz resonance curve.

To validate the developed multi-properties measurement system, Ar was used as a
reference sample. Thermophysical properties of Ar were measured in a temperature




range of 15 to 35 Celsius degree and a pressure up to 500 kPa. The inner diameter and
length of the cylindrical cavity were obtained from a measurement of microwave
resonance under vacuum on each temperature. Speed-of-sound and dielectric constant
for Ar were derived from measurements of acoustic and microwave resonant
frequencies, respectively. Compared with the previously reported data, the present
measurements agreed well within 0.02 % for speed-of-sound and 0.001 % for dielectric

constant.

In addition, viscosity and thermal conductivity were obtained from measurements of
half-widths for different two acoustic modes. However, scatter of the measured
half-widths between each acoustic mode was too larger than expected to accurately
determine transport properties. This is considered to be caused by unexpected acoustic
energy loss such as a cavity shell motion. Using the specific acoustic modes which were
relatively small scattered, the measurements of viscosity and thermal conductivity for
Ar agreed with the previously reported data within 10 %.
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A: cylindrical cavity, B: antennae, C: microphones, D: pressure vessel, E: transmitter
adapter, F: preamplifier, G: microphone power supply, H: frequency response
analyzer, I: network analyzer, J: quartz pressure transducer, K: digital pressure
computer, L: vacuum pump, M: sample bomb, N1-2: thermometers (SPRTSs),

01-2: thermometer bridges, P1-2: programmable power supply, Q1-2: circular type
thermostats, R: circulator pump, S1-2: heating coils, T: internal thermostat,

U: external prethermostat, V1-5: valves
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