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ABSTRACT: To study gravity changes associated with tectonic deformation due to  pre,  co and  post seismic processes;  post
glacial rebound; tides, influence of atmosphere and the hydrosphere, an accuracy of 2 parts in a billion of gravity field (20nms-2

or 2 micro gals) is required. This precession of measurements can be achieved with new developed FG-5 absolute gravity meter.
This provides an opportunity to understand geodynamic processes causing gravity changes. National geophysical Research Institute
(NGRI), Hyderabad has taken an initiative to start absolute gravity measurements with collaboration of Department of ocean
Development (DOD) in India and established first absolute gravity value of an accuracy of 2 micro-Gals. The instrument will now
be deployed for crustal deformation studies, establishing reference absolute gravity bases and tidal monitoring etc. In order to
achieve an accuracy of ~2 micro-Gals, several precautions in the observations are required. In this paper we discuss about the
principle; operation and observations of absolute gravity measurements.
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INTRODUCTION

It is well known that Earth’s gravity field changes in
the space and time due to redistribution of the mass around
the observational points and changes in the distances from
the centre of the Earth. Thus, variation of gravity field is
utilized to determine crustal density variation for the
exploration of natural resources and recently being used for
reservoir surveillance and crustal deformation studies etc. For
these studies a very accurate measurement of gravity field is
required that can now be easily achieved employing Absolute
Gravimeter (AG). The method of measuring absolute gravity
is purely metrological and relies on standards of length and
time. AG is based on measurements of the acceleration and
time of a freely falling mass in vacuum. The FG-5 absolute
gravimeter (AG) from micro-g solution, Erie, Colorado, USA
is the most accurate and commercially available gravimeter
which provides the value of g with an accuracy of 1 part in
109  ( Manual of FG5). National geophysical Research Institute,
Hyderabad (NGRI) has installed FG-5 Absolute gravimeter
on a concrete pillar and recorded observations for several days
to ascertain the accuracy of the instrument. The gravity value
obtained at NGRI differs by about 250 microGal to the value
measured earlier by LRG meter which is tied to the IGSN
base at Hyderabad airport.

FG5 ABSOLUTE GRAVIMETER

The principle of FG5 absolute gravimeter is to
observe the free-falling of a repeatedly dropped mass. The

falling mass is a corner cube retro reflector and contained in a
falling servo-controlled motor-driven drag-free chamber that
falls 20 centimeter in 0.2 second inside a vacuum chamber.
The position of the mass is measured as a function of time by
laser Mach-Zender interferometer. The light path to the corner
cube forms one arms of the interferometer and other corner
cube is mounted on an active long period seismometer (Super
spring), so as to act an inertial reference mass, forms the other
arm of the interferometer. The interference fringes between
the 2 light beams are counted and timed and the distance-time
pairs collected during the 20 cm drop are used in the equation
of motion to solve for the acceleration due to gravity ‘g’. Fig.
1 shows a schematic diagram of FG-5 absolute gravity meter.
Laser light through optical fiber cable falls on a lese, that
collimates the light to the interferometer. It is then directed to
beamsplliter #1 where it is split into the test beam and the
reference beam, the reference beam is split again at
beamsplitter #2 and travels to Avalanche Photo Diode (APD)
and the fringe viewer. The path length of the reference beam
is reflected vertically at the beam splitter #1, and passes
through the compensator and the bottom of dropping chamber
( Fig 1  & Fig. 2) . It is then reflected back down by the corner
cube in the test mass. The test beam returns through the
window, the compensator plate, and passes down through the
interferometer base to the super spring.  One arm of a
interferometer traverses a path up to the free-falling retro
reflector. The “test” beam is reflected back down to another
corner cube contained in the proof mass of an active long-
period seismometer (free period of~60 s) which provide an
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inertial reference frame (Figure 1). The other interferometer
arm (reference beam) recombines with the first test beam. As
the object falls, interferometer fringes are formed at the optical
output. The fringe signal is detected using an avalanche photo-
diode and the time of occurrence of the fringes is measured
by a rubidium atomic clock. The length standard is provided
by an iodine-stabilized laser. The absolute gravity
measurements are therefore directly tied to the time and length
in SI units (Van camp, et al., 2003).

A total of 700 time-position points are recorded over
the 20 cm length of each drop. Drops can be produced up to

every two seconds but in routine operation, the drops are
repeated every 10 s, 100 times per hours. The average of 100
drops is a “set”, which exhibits standard deviations of 40 to
150 nms2 under normal conditions. Measurements usually
consist of one set per hour with the average of several sets
(usually 12 to 48 hours) providing a gravity value. Data
gathered for a free falling mass makes a trajectory (Fig.3) and
a function governing the trajectory path is written below. A
least square fit of the trajectory data is performed and provides
parameters.

Where the three unknowns are x0, ν0, and g0 are the
initial position, velocity and acceleration at t=0, γ is the vertical
gravity gradient and c is the speed of light. Methods to extract
the gravity gradient and trajectory parameters simultaneously
have proved to implement as signal to noise levels are low.
(Fig1.) Final gravity value is obtained after applying correction
for earth tides, ocean loading, local atmospheric effect (-0.3
µ Gal/hPa due to loading and mass attraction) and polar motion
effect (Eichenberger et al., 2003). The instrumental accuracy
of the FG5 is about 1-2 µ Gal (Niebauer, et al., 1995)

INSTALLATION

Before making any absolute gravimeter
measurements reconnaissance visit is made in order to choose
the best available site. The absolute gravity site in NGRI is
chosen far from noisy place and is made up of concrete pillar

Figure 1: The FG5 absolute gravimeter: a corner cube reflector
contained in a co-falling servo- controlled motor-driven
drag-free chamber. The Superspring is a vibration –
isolated device, which provides an intertial reference
frame.

Figure 2:  Side view of interferometer optics and beam path
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Figure 3: Best fit to observed data and residuals after rms fit
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that is important for stability of reading.  Pillars are resting
on granite bed rock and also isolated from the floor of the
room to avoid any disturbances due to movements of observer
or vehicle nearby. After careful selection of site for AG, it is
mounted for observations. All the components of instrument
and their functioning have to be ascertained before making
any measurements, for example verticality of free falling mass
in vacuum chamber, interference pattern and peak to peak
voltage of interference of two beams etc. This instrument is
very sensitive to temperature pressure and other influences
thus these corrections are applied to the observed.  As tidal
models for Indian subcontinent is not well defined minimum
observation of 24 hours with 100 drops per hour is noticed to
be required for statistically robust value. A test example of
that is plotted in the Fig 4.

Even after applying all the corrections (Fig 5.) a
sinusoidal variation in gravity field is noticed that may suggest
that tidal model used for India is not precise. The accuracy is
believed to be 1.1 microGal but environmental and experimental
factors (water table variation, atmospheric mass variation, tidal
variation etc) limit the achievable accuracy to 2.1 microgals.
Therefore regularly long term repeated absolute gravity
measurements has been carried out to achieve better accuracy.

RESULT

High precision absolute gravimeter FG5 make it
possible to monitor secular variation of the gravity field caused
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by impacts of geodynamic phenomena on the earth. However,
the results of measurement are also affected by environmental
effects around the observing site like atmospheric and
hydrological parameters. Therefore these effects should be
detected, monitored and modelled for estimating their influence
and to consider them in interpretation of the result.

FUTURE PLAN

Tide gauge data at the Indian coast provide a large
spectrum of sea level changes. It is likely that some of the
stations are influenced by the subsidence due to sediment
loading in the Bay of Bengal and Arabian Sea. It appears that
there is considerable difference in the sea lavel change in the
southern shield region too and therefore requires to
differentiate the sea level arising from climate variations from
ground deformations. Antarctic land mass has very few
absolute gravity values and none of them are near to the present
Indian station (Maitri). Repeat gravity measurements can
constrain elastic rebound due to de glaciations of ice that is
reported to be quite large. To address these problems we have
proposed to make absolute gravity measurements for (i)
Vertical deformation near tide gauges along Indian coast and
Establishment of gravity stations in the Antarctica for crustal
movements studies using long term monitoring which can not
be achieved through GPS studies (Gladwin et al., 1999). Long-
term gravity measurements can constraint elastic rebound due
to de-glaciations of ice that is reported to be quite large.

Figure 4 : Correction applied to the observed data
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Figure 5:  The absolute gravity measurement (100 drops per set) at NGRI with influence of loading and tidal.


