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L. Introduction

Geodimeters utilizing nonzohercnt light sources for first-order
measurements of distance are perfected to the point where the accuracy
is limited only by the refractive index correction to the velocity of
light (2-3 ppm) and the range is limited from approximately 15 to 20
miles at night in clear weather, and from 7 to 8 miles in average weather
encountered by geodetic parties in the United States. In 1964 the |
Coast and Geeodetic Survey initiated a '"Precise Distance Measurement
Program' for the purpose of improving range and accuracy of first
order transcontinental traverse lines and for improving the index of
refraction corrections. It is the purpose of this report to discuss
improvement in range using a LASER light source.

Experiments in 1965 at the Coast and Geodetic Surveyl with a LASER
light source resulted in measurements up to 10 miles in moderate haze
with power outputs of about 1 milliwatt/cm2 with no loss of accuracy
indicating a possible significant improvement in precision. These
results provided the guide lines for permanent modification of a
Model 4 Geodimeter which is described here.

Sufficient laboratory data and long line measurements are pre-
sented to show satisfactory performance of the modified system with
no loss of accuracy and considerably increased range under adverse
weather conditions.

Daylicht tests and successful measurements of 10.2 miles with the
standard Model 4 Geodimeter compenents indicate a range capability ex-
ceeding 15 miles in average (haze) weather conditions. Tests shown in
Tabkles I and 11 indicate the stability and increased accuracy cbtainable

after cptimized adjustment over a 1 mile t: : base.
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3. G odimeter Modifications

The principal changes to the Geodimeter are shown in
figures 1, 2 and 3, The transmitter of the Geodimeter was
removed to provide space for the LASER, KDP cell, and colli-
mator which were mounted to permit easy access to the compo-
nents, The receiver changes consist of addition of a 56TVP
photomultiplier and coated receiver optics.

Since it was desired to make a relative comparison of the
Kerr cell with the KDP cell and the 1P21 phototube with the
S360TVP, the system was designed to permit interchanging of
these components.

A small sighting telescope was mounted in the center of the
Geodimeter with horizontal and vertical adjustment.

Alignment of the transmitter, receiving optics, and tele-
scope was best accomplished by placing a white light source at
the phototube aperture and collimating both the receiver and
transmitter in a 6" reflecting telescope focused at infinity.

J.1 LASER Light Source

The LASER used was a |1 milliwatt/cmg, c¢w, Helium~Neon gas
LASER, 2.23 inches in diameter by 14.3 inches in length and
an external DC power supply.6 This [LASER operates at 6328 b
and has an exit heam diameter of 2 mm. The divergence is dif-
fraction limited at .1 milliradians. With supercleaning of the
Brewster angle windows and end mirrors, powers up to 1.8 milli-
watts were obtained. The LASER was mounted with the polarization
in the vertical plane of the Geodimeter and was turne. g ' by

two coated mirrors.



3.2 KDP Cell Modulator

The KDP cell (Potassium dihydrogen phosphate) modulator7 consisted
of four crystal wafers mounted between two electrodes embedded in an
oil filled cavity and followed by an external quarter wave plate. The
exit and entrance diameters are 3 mm and light losses were found to be
less than 1% at 6328 Z.

Alignment and adjustment 1s accomplished with a lock ring adapter
with three degrees of freedom with respect to the optical axis.

This cell is designed to operate at about 90% efficiency at
1000 volts with a maximum voltage of approximately 1800 volts. There-
fore, the power supply was modified to give 1000 volts peak-to-peak
60 cps and 50 volts of 30 megacycles on the KDP cell electrodes.

3.3 56 TVP Photomultiplier

The 56TVP photomultiplier8 was selected for this application
hecause it has an 520 surface giving 40% spectral response at 6328 2.
The gain is 108 at 2500 volts. This tube has l4 dynodes and internal
focusing. The maximum frequency response is 200 MHz at a minimum
light sensitivity of 85y A lm. Transit time fluctuation at 2500 volts
is of the order of 2 nanoseconds.

This tube was mounted across the front of the Geodimeter in a
Conetic shielded case free to move with the receiver optics. The
Geodimeter gray wedge was used to control the light level and a
raanlarad power supply was provided to operate the tube at 2500 volts,

Jing maximum gain and minimum noise and transit time variatiomns.



3.4 Optical Coatings

The collimator, flat mirrors of the transmitter, front lens and
45° cube in the receiver were coated for maxirum transmission (99.9%)
of 6328 & LASER light. The back collecting mirror of the receiver
was broad band coated for maximum reflection at this wavelength,
This represents, conservatively, 20% more light. The entire receiving
system was relatively insensitive tc daylight as measured by the

Geodimeter light dip indicator.

4. Laboratory Tests and Evaluation

Relative comparisons of the new modulator and photomultiplier
were made with the LASER light source and the standard components to
insure proper function, maintain sensitivity, and determine the
relative noise contribution.

Anode signals without the delay line 30 megacycle signal, obtained
on internal calibrate, (figure 4c) show a significantly improved KDP
cell modulated signal as received by the 56TVP phototube. Figure 4a
shows relative noise of the 1P21 phototube and insensitivity of this
tube to 6328 R. Figure 4b shows Kerr cell noise which is absent with
a KDP cell,

Mixing5’9 of the returned light signal (figure 5) and the delay
D" e 30 me signal v i accomplished at the : of the 56TVP photo-
tube with a series 300 K resister to filter the high frequency signal

after addition of phase information. In figure & the phase output

null detection signals reflect the total internal Geodimeter noise



which s inmhe: 1t iu reacings ot the null indicator. Noise at this
point appears as a jitter in the null indicator and adds to the
spread of the delay line readings. Comparison of 6a and bb shows
Kerr cell noise and LP2i insensitivity to the LASER 5328 % line.
Figure 6c shows the 1P21 insensitivity without Kerr cell noise. A
comparison of 6b and 6d show isolated Kerr cell noise. Adequate
performance of the new components with the LASER light source is

demonstrated by comparison of 6d and be.

5. Geodetic Line Tests and Evaluation

Comparable distance measurements were made with a standard model
4D Geodimeter and the LASER modified Geodimeter with and without the
KDP cell and S6TVP phototube.

Optical collimation of the transmitter, receiver optics and a
small centrally mounted sighting telescope were achieved using a 6"
reflecting telescope focused at infinity.

The instrument was calibrated and the zerc constant determined
after each set of measurements in accordance with the Coast and
Geodetic Survey's operational techniques.

Table I is a summary of measurements over the same path of
approximately 10.2 miles from the Washington Science Center. These
data show a maximum difference of 1.6 centimeters and are well within
the specified requirement placed on first-order triangulation measure

ments. Appendix I gives the details of these measurements.



Table Il presents crmpavarle imcascre=wnts of the LASER Geodimeter
with the taped base line at Beltsville, Marvland., A series of four
Measurements were tiade nsing adsanced and retarded phase increments to
¢liminate crror ot the deiav liac. The twan of these four measurements
as compared with the taped basc is 4 mm. Appendix II gives the details.

The delay line rcadings for these measurements while small in
number indicate the order of magnitude cf the precisien improvement
that can be expected with the addition of the LASER, KDP cell, and

56TVP phototube to the Geodimater.

6. Discussion

The modifications which include the LASER source, KDP cell, and
56TVP phototube indicate an improved sensitivity by a factor of 2 over
the conventional Gecdimeter. However the improvement in range cap-
ability during adversc weather :onditions and daylight measurements is
far more significant. During the field testing of 10 miles it was
noted that the LASER light source would measure through haze and
marginal weather conditions with at least 50% more light return over
the conventional Gecdimeter. Experimental daylight tests over

distances of 400 meters, 3 miles, and 10.2 miles showed sufficiently

good sensitivity to the returned light signal te measure these distances.

In addition the KDP cell shows zonsiderable improvement in noise
characteristics over the Kerr cell. The LASER light scintillated
possibly due to thermal convection currents in the Kerr cell whereas

the light through the KDP cell was uniform in intensity.



Test ar " € " at~ 1 of t}" improved system is presently being
conducted under field operational conditions by the Geodesy Pivisic
of Coast and Geodetic Survey. These tests are being conducted alor
a segment of the transcontinental traverse line in Nebraska in order
to evaluate the feasibility of measuring traverse lines 10 to 15

miles in length under marginal weather conditions.
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TABLE I

SUMMARY

GEODIMETER OBSERVATIONS

State: Maryland Locality: Rockville
S+gtion: Room 1022 To Station: Tysons
Date Geodimeter No. Slope Distance (m)
3-7-66 246 (4-D) 16,445,695
16,445,694
Mean = 16,445,694
3-7-66 225 (Laser) L6,445.676
(Kerr cell, 1P21 Phototube) 16,445,700
Mean = 16,445,688
8-24-66 225 (Laser)

(KDP cell, S6TVP Phototube) 16,445.678
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TABLE II
SUMMARY
GEODIMETER OBSERVATIOQNS
State: Maryland Locality: Beltsville Date 9-30-66

Station: 150 meters To Station: 1800 meters
Geodimeter No. 225 (Laser, KDP cell, 56TVP Phototube)

Geodimeter slope distance= 1649.998
1650.008
1650.015
1650.009

Mean = 1650.008m

Mean Geodimeter slope distanze = 1650,008
Sea level correction = - 0.013
Slope correction = - 0.008

Geodimeter Geodetic distance 1649.987 meters

Geodimeter distance = 1649.987
Tape distance = 1649.983
" “ference = 0.004 = 1/412,500
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BLOCK DI~GRAM OF WMOCFIED LASER GEODIMETER
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(a)

(b)

Figure 4 ANODE NOISE

Anode voltage on internal calibrate with LASER light
source and without the calibrated 30 mega cycle delay line
signal, 2 milliseconds/cm; 1 velt/cm,

{a) 1P21 photomultiplier KDP cell modulator showing
noise and a low spectral response for 6328
Angstroms.

(b) 56 TVP photomultiplie—, and Kerr cell modulator
showing Kerr Cell noise due to thermal convection
-f nitrobenzene.

(-} 56 TVP photomultiplier and KDP cel
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(d)

Figure 6 NULL INDICATOR SIGNAL
(a) LASER, Kerr Cell, 1P21 Phototube
(b) LASER, Kerr Cell, 56 TVP Phototube
(c} LASER, XDP Cell, 1P21 Phototube
(d) LASER, KDP Cell, 56 TVP ..ototube

(e} Mercury Vapor Lamp, Kerr Cell 1P21 Phototube
2 ms/em; 1 Volt/CM,
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