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Introduction

The absolute ballistic gravimeter (ABG) realizes the free motion of the
test body in the gravity field and the free-fall acceleration g is obtained
from the measurement of the length and time intervals using the motion
equation of the falling body. Laser displacement interferometers (LDI)
and precise clocks are used in such measurements.

PRINCIPLES OF OPERATION OF ABSOLUTE GRAVIMETERS

AN Vacuum chamber

Free-fallisly

reflectes ) - :.f PN
P | ™
2
] A long-period seismometer or
£ : active vibro-isolation system

At 633 nm or 532 nm

Fhesedetector D

Vibro-1zelated
reflector

Motion equation of free-falling body in the gravity field:
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Relative uncertainty in the Various designs
free-fall acceleration g of absolute ballistic gravimeters
measurement is
a few part in 10° =
(a few microgals in absolute '

units) [1]

Required relative uncertainty:
in displacement measurement:
1x107°
in time interval measurement: TBG (Ukraine)
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Two types of trajectories
of test body:
o rise-and-fall (symmetric)

FGC-1 (USA)

IMGC-2 (ltaly)

Required uncertainties AL in the single drop measurement of the
displacement of the test body in the ABG corresponding to the
relative uncertainty AL/L = 1x107°.
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laser and Nd:YVO,/KTP/I, laser at 532 nm

Typical optical layouts of two-beam
laser interferometers of absolute gravimeters
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FGS5-type gravimeters [2] Gravimeter IMGC-2 [3]

The use of diode-pumped solid-state iodine-stabilized laser improves
the performance of absolute ballistic gravimeter [4,5]

RECORD OF INTERFERENCE FRINGES USING FAST DATA ACQUISITION CARD

An active vibration isolation system for inertial reference
and precision measurement

Card NI-5114:

et S 100 MSamples/s
2 channels
P time stamping: 2 ns

TTL - signal of the absolute gravimeter FG5-108

640 thousands interference fringes in 0.2 s

Analog signal of the absolute gravimeter FG5-108
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Conclusions

. The increasing requirements for reliable, accurate and traceable measurement of the gravity field (free-fall
acceleration) in geophysics, geodesy, geology and navigation determine the growing needs for transportable absolute
gravimeters and necessitate further investigations of their performances and metrological characteristics, and the
development of a new generation of absolute gravimeters.

. The core system of any absolute ballistic gravimeter is the laser interferometer for the measurement of
displacement of the free-moving test body within vacuum chamber.

. The required uncertainty in the measurement of displacement in absolute gravimeters is less then 0.1 nm, i.e.
the laser displacement interferometers of absolute gravimeters are length measuring systems with sub-nanometre
resolution.

. R&D in laser displacement interferometry with subnanometre resolution is of common interest to the
dimensional nanometrology community and to designers of absolute ballistic gravimeters. Results of such R&D
obtained by both communities are complementary.

. The use of compact diode-pumped solid-state iodine-stabilized lasers in laser displacement interferometry is
promising due to higher laser power, shorter wavelength and better short-term and long-term frequency stability
with respect to the currently used He-Ne/l, lasers.
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