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Geodesy is the scientific discipline that deals with the measurement and
representation of the position and motion related parameters of Earth. This includes
its gravitational field in a three-dimensional time-varying space. Geodesists also study
geodynamical phenomena such as crustal motion, tides, and polar motion amongst
many others. The HartRAO Space Geodesy Programme participates in global networks
which use the following techniques in both measurement as well as data applications of:

» Geodetic Very Long Baseline Interferometry (VLBI)

» Global Navigation Satellite Systems (GNSS) receiver network

« Satellite Laser Ranging (SLR)

» Lunar Laser Ranging (LLR) - system currently under active development

« DORIS - Doppler satellite tracking system

The co-location on-site of 4 (and soon 5) main space geodetic techniques makes HartRAO a true fiducial site and puts it in a position
to play an important role in the international community. Strong collaboration with both national and international partners forms
the basis of all activities. Some of our biggest international partners include Bundesamt fiir Kartographie und Geodasie (BKG) of
Germany, NASA Goddard Space Flight Centre of the United States and Observatoire de la Cote d'Azur of France.

VERY LONG BASELINE INTERFEROMETRY

-Gllmorc Creek

Our radio telescope operates in global networks of
telescopes for studying the Earth's rotation, its exact orientation in space, and
movements of the Earth's crust. The signals from each telescope are combined in a
technique called “Very Long Baseline Interferometry” - VLBI .

r Distant galaxies called quasars emit radio waves strongly, and act as
c, radio “beacons”. They are observed simultaneously by telescopes on different
continents. The interference patterns between the signals received at the telescopes
allow their positions to be determined within an accuracy of less than 1 cm.

From 1999 the HartRAO 26-m antenna became the reference point for the survey system in South Africa,
as it is the most accurately measured physical location on the continent.

The positions of radio telescopes change with time. These changes result from the movement of tectonic plates.
This movement is measured with high accuracy: eg. HartRAO is moving North Eastat about 25 mm per year.

Geodetic VLBI also measures the changing length of day, i.e. the changing spin rate of the Earth,
and the tiny wobbling of the Earth’s axis as it spins.

GLOBAL NAVIGATION SATELLITE SYSTEMS (GNSS) |

Global Navigation Satellite Systems (GNSS), such as the Global
Positioning System (GPS), are used for navigation and position determination. GNSS basestations
fill the gaps between radio telescopes providing accurate positioning in order to measure global
tectonic motion.

The HartRAO Space Geodesy Programme is committed to ensuring GNSS
network coverage in all southern African countries. HartRAO installed and maintains stations in
various countries across Southern Africa.

GNSS installations at tide gauges, such as the one at Richards Bay, Simon’s
Town and Marion Island serve to calibrate sea-level rise due to global warming, Earth's gravity field
and land surface height.

GNSS technology is being used to detect movements due to
earthquakes in order to predict the occurrence of devastating tsunamis. HartRAO’s receivers on
Marion and Gough Islands are part of this international effort.

The GNSS method of operation permits its use for research
unrelated to position measurement. At HartRAO it is used to measure the water vapour in the
atmosphere (with applications in meteorology) and the electron content of the ionosphere (with
applications in High Frequency radio communication).
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SATELLITE LASER RANGING (SLR)

Laser ranging is used to measure the distance between
ground stations and artificial satellites orbiting the
Earth. From these distances we determine the orbits of
satellites to an accuracy of a few centimetres.

Sensors on satellites whose orbits are determined by
SLR are used to study Earth phenomena such as sea
level rise due to global warming, Earth's gravity field

and land surface height.
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HartRAO, in partnership with many international collaborators, is
developing a laser ranger capable of ranging to reflectors on the Moon,
Earth’s natural satellite, in order to test Einstein's General theory of

Earth's gravity field,
Relativity. i gravity

measured by the
GRACE satellites

NASA's 6" MOBile LASer Ranger, MOBLAS-6, is operated and maintained by
HartRAO staff.

LUNAR LASER RANGING (LLR)

With Lunar Laser Ranging (LLR) we extend the SLR technique to reach all the
way to the Moon. Currently there are no LLR stations in the Southern
Hemisphere and there are only 2 operational stations in the world. LLR is a
technique in which the round trip travel times of light pulses between stations
on the Earth and retroreflectors on the Moon are measured. Although the
basic idea between the LLR and SLR technique is the same, the physical
implementation of the measurement system is quite different.

One of the requirements of LLR is pico-second (1 millionth of 1 millionth of a

second) level timing, to meet the main goal of sub-

centimeter accuracy in ranging to the Moon. Using

g o this information, we will be able to gauge the

g F&#f.,_«. Sl £ i relative acceleration of the Earth and Moon

. toward the Sun (like a modern-day Leaning

| Luha '21 Tower of Pisa experiment) in order to

v Hi ascertain the free-fall properties of

Earth's gravitational self-energy. Our

goal with the Lunar Laser Ranger is not

to upsize current technologies, but

redevelop the technique with modern-

;- day state-of-the-art equipment. This

will help us achieve our specific goals as s

well as sidestepping some of the R

problems experienced by other LLR

facilities. -
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