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Introduction

« The wave length of laser light in a medium = the scale
for interferometric distance measurements
= the real-time refractive index of air (1) along the
laser beam path is needed
= n is function of air temperature (7), pressure (p),
humidity (mole fraction of water vapour, x, )
and CO, mole fraction (x,)

* The nis usually determined

« using environmental
formula [1, 2]
with interferometric refractometers
high accuracy can be reached with both
methods in excellent laboratories
measurements only at single points
Fast temperature changes and temperature
gradients cannot be measured
Errors in order of magnitude 1 - 10 um/m
under severe conditions
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* A new acoustic method for measurements of the
average temperature along the laser beam path (i.e.
the effective air temperature, {“[/) is described

Setup

« Distance measurement (/)
« heterodyne laser interferometer
« Time of flight of ultrasound (fof) measurement
« two pairs of piezo transducers (APT)
+ short ultrasound burst of 50 kHz is transmitted
and received in turn
« FFT cross correlation algorithm
> ¢ = liof
« The speed of sound (c) is two thousand times more
sensitive to air temperature than the ». ¢ is also a
function of p, x, and x .
> tlﬂ:‘/(r, PX, X))
S Edién > n,,
« Acoustic and interferometric measurements are done
* symmetrically
« simultaneously
 over the same distance
= t,,and n g along the beam path

Equation
ty; =b,+bc+b,x, +b,x?

+b,x} +bsp+bex, +byx,c

Fitted to
« measured speed of 50 kHz ultrasound
« Cramer equation for speed of sound [3]
« dispersion relation [4]
Validated by large set of differential speed of
sound measurements over temperature range
19 - 22°C and humidity range 16 - 51%RH

Coefficient
by -540.0160 °C
by 1.630328 °Cs/m
by 86.74  °C
by 972 °C
by -27400 °C
bs  -0.000000111 °C/Pa
bg 145 °C
by -0.5150 °Cs/m

Uncertainty budget

Component uJmK
Equation 15
Speed of sound 10 mm/s 18
Repeatability 8 mm/s
Distance 51 um
Abbé error 10 um
Offset 50 um
Length scale 1um
Time of flight 0.3 us
Time scale 6ns
Echoes 0.3 ps
Pressure 5Pa 107
Humidity (v,) 120 ppm 10
CO; mole fraction 50 ppm 7

Combined standard uncertainty 25
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Counter electronics

Test measurements

« The fixed distance was measured with laser
interferometer

The path was disturbed three times by electric
radiator

Changes in the 7,,~0.2°C ( )
Change in uncorrected / ~0.2 pm/m (------ )
Change in acoustically corrected / ~0.04 um/m
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Length change / um /4.7 m
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Conclusions

Acoustic method gives effective ¢ for
interferometer; time and place are equivalent
to interferometric measurement

Large temperature gradients and fast
temperature changes can be compensated.
Accuracy of interferometric length
measurements can be increased by acoustic
method

= high accuracy length measurements
in laboratory conditions

=> industrial applications in workshop
conditions

Uncertainty of the setup: 25 mK and ~0.03
pm/m for ¢ ,and /.
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