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RANGEFINDER METROLOGY FOR THE GREEN BANK TELESCOPE
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ABSTRACT
A scanning laser rangefinder metrology system
for the 104) meter Green Bank Telescope is de-
scribed. Use of this system for correction of the
primary reflector's shape and pointing of the tele-
scope is described.

1 INTRODUCTION
The GBT is a fully steerable radiotelescope nearing com-
pletion at Green Bank, West Virginia (Fig. 1). Designed
to operate between VHF and millimeter wave frequen-
cies, it has a gregorian configuration with a 60 meter
focal length, 100 x 110 meter offset paraboloid primary
surface, and an 11 meter focal spacing, 8 meter dia. el-
lipsoidal secondary. The primary is an active surface of
2209 panels, accurate to 100 Am, joined at each corner
by an actuator drive piston. The GBT moving mass is
8,000 tons. As the main reflector moves in elevation it
deforms due to varying weight load. Its surface must be
re-shaped to a paraboloid appropriate to its elevation.
The secondary reflector, located on an offset feed arm, is
driven to bring the gregorian focus to the receiver feed,
located on a turret house on this arm.

A laser rangefinder metrology system was developed
to measure primary surface shape and location, tele-
scope structure cardinal reference locations, and subre-
flector location. Each rangefinder can make fast multiple
range measurements. The general system, electronics,
and laser modulation circuits are described in Eli and
[6]. Six rangefinders are sited on the offset feed arm.
A cube corner retroreflector mounts into one corner of
each primary surface panel, and at locations on the sub-
reflector. Laser beams from the rangefinders, amplitude
modulated at 1.5 GHz frequency, scan the reflector tar-
gets. Optical path is measured from a scan mirror's cen-
ter point (the intersection point of its scan axes, which
lies in the plane of the mirror) to the optical center of a,
target prism retroreflector, modulo the modulation fre-
quency half wavelength. Approximate ranges accurate to
) mod/2 are known a priori for each range to be precisely
measured. Ranges from scan mirror center to retrore-
Rector center are measured for a subset of the target

prisms on the primary surface. Measured distances are
first corrected for atmospheric refraction and then cor-
rected to give distances from the scan center point to a
point on the telescope's primary surface, the foot of the
I from the target optical center to the nearby panel sur-
face Pi The effective back reflection point from a cube
corner prism target (optical center point) was calculated
by Peck [31 and Riieger [4]. Ranges will also be measured
along stationary comparison paths of accurately known
length to provide mean atmospheric refractive index cor-
rections.

Twelve rangefinders will sit on piers around the base
of the GBT on a 120 meter radius circle. They range
to retroreflectors located on the rim of the telescope pri-
mary and on the feed arm and alidade structures. Those
retroreflectors, designed by R. Schack and M. Valenti of
the Univ. of Arizona Optical Sciences Center, are of cat's
eye type, and have a wide acceptance angle for reflec-
tion, 130°. Rangefinders can also range to target prisms
mounted on the rear of other rangefinder scan mirrors,
to measure between one another. Using ground-based
rangefinders. structure fiducial reference points on the
telescope are related to a ground coordinate frame, tied
to a survey control network. Ground-based coordinates
of fiducial reference points on the telescope can thereby
be measured by multiple laser range trilateration to a
target. Fig. 2 shows an operating rangefinder.

Each rangefinder can measure up to five different
ranges per second, with precision of 50 ,um at 200 m, the
greatest required system range. The system will have
capability of measuring 2000 points on the antenna sur-
face to this precision in about 7 minutes. The GBT is a
steel structure; dynamic heating effects and temperature
gradients would normally limit operation to 8 mm wave-
length. It is desiredthat the GBT eventually operate
at 3mm. To do this a requirement exists for real time
measurement and correction. The rangefinder system is
expected to fulfill this requirement.

2 RANGEFINDER OPTICS
A rangefinder is shown schematically in Fig. 3. The
laser diode (Melles-Griot, 07HF033) has 10mw output,
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