
Surveying with light



Land surveys (at least ~3000 BC)

• Nile flooded annually, need to remark farms 

• Taxes 

• Construction (canals, roads, pyramids, etc.)



Great Pyramid of Giza;  1/15° alignment



Greeks & Romans — Segovia, 15 km aquaduct



Semi-modern methods



Basic

• Triangles


• Need to know one distance 
‘baseline’





Baseline measurement

• Glass or Metal rods 

• Chain





Anglo-French survey 1790



Great Trigonometric Survey of India

• 1802–1871 

• George Everest was second supervisor







Distance with light



Light travels 299,792,458 meters/second



Dr Erik Bergstrand 

• Measuring the speed of light in 
1940’s
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rotating at 500 revs/sec. to obtain
298 000 ±500 km/sec.

but his baseline was only 20 m long.
The Polish professor, Albert A Michelson

(1852-1931), made many experimental measures
spread over some 40 years. In 1879 a baseline of
600 m was used to give a value of

299 910 ±50 km/sec.
using a rotating mirror system.

In 1882 further measures gave
299 853±60 km/sec.

In 1926 he experimented over a 35 km baseline
from Mount Wilson to San Antonio Peak measured
in the traditional manner by the U.S.Coast and
Geodetic Survey. Whilst it was seen at that time that
it might be possible to do the reverse operation of
using a calculated velocity of light to determine
distance the method of Michelson was never directly
used for that purpose. Michelson’s value was

299 798 ± 4 km/sec.
Other experiments of his gave

299 774  ±11 km/sec.
using a 1.6 km evacuated pipe 1 m in diameter.
Multiple reflections of this path gave a total path
length of up to 16 km.

The Väisälä comparator for measuring
distances with light interference was introduced in
1923 and fully developed by 1929. It was used up
to 864 m and accuracies of 0.1 ppm were achieved
on distances up to 200 m.

Electro-optical methods were first developed
around 1925 by Karolus and Mittelstaedt at
Harvard University [87]. They replaced the cog-
wheel by electro-optical light modulation consisting
of a Kerr cell positioned between two crossed Nicol
prisms acting as polarisers. (John Kerr (1824-1907)
was a Scottish physicist and associate of Lord
Kelvin). The Kerr cell consisted of a glass container
fitted with sealed-in metal electrodes and filled with
nitro-benzene. They used a 40 m passageway for
multiple reflections. The result was

299 778 ±20 km/sec.
In 1937 W C Anderson developed the system using
two sets of light pulses for phase comparison and
incorporated use of a multiplying phototube. From
several thousand observations he found the velocity
of light as

299 776 ±14 km/sec.
The first patent for an electro-optical distance

measuring device was applied for by Wolff in 1939.
[34]

In 1941 Birge used a statistical collation of all
measures made up to that time to arrive at

299 776 ±4 km/sec.,
and Essen in 1947, using short radio waves in
resonance in a short cavity tube gave

299 792.5 ±3 km/sec.
During 1949-1951 Aslakson used radar (Shoran)
over six geodetic distances in the USA to arrive at

299 792.4  ±2.4 km/sec.

and further measures over 15 lines gave
299 794.2 ±1.4 km/sec.

In 1958 K.D.Froome of the National Physical
Laboratory (NPL), using microwave interferometry
found the velocity as

299 792.5±0.1 km/sec.
The International Scientific Radio Union at

their XII General Assembly in 1957 adopted a value
of

299 792.5± 0.4 km/sec.
for vacuo and this was similarly accepted by the
International Union of Geodesy and Geophysics
(IUGG) although the reliability was later thought to
be more like ±0.2 km/sec.

1972 saw two determinations at the National
Bureau of Standards in Washington - using a HeNe
laser of 0.63 µm gave

299 792.462 ± 0.018 km/sec.
and with a HeNe laser of 3.39 µm gave

299 792.4574 ±0.0011 km/sec.  [91]
In 1973 the recommended value for practical use
was

299 792.458± 0.0012 km/sec.
The following year at the NPL using a CO 2 laser of
9.3µm gave

299 792.4590± 0.0006 km/sec.
and in 1976, again at NPL with a similar laser

299 792.4588 ±0.0002 km/sec.

Dr Erik Bergstrand
One name of particular note has been omitted from
the above list and that is Dr Erik Bergstrand, of the

Geographical Survey
of Sweden. He had
been experimenting
on the velocity of
light for some years
when, in 1941, he
conceived a ’blink-
ing’ light system.
His apparatus
replaced the
toothed wheel and
manual observation
of the ray as used
by Fizeau with light
pulses of known

         frequency and
         variable intensity

projected over the line and returned to a receiving
unit near the transmitter. The distance from the
instrument to the reflector and back could then be
expressed as a number of whole cycles and a frac-
tion of a cycle.

His original prototype included some radio
parts and other unlikely components but was still
capable of transmitting 10 million light pulses a
second to a mirror 30 km away and calculating the
time it took for the light pulses to travel the distance

Dr. Erik  Bergstrand



Geodimeter model 1 (1953)
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possible to achieve the same result by switching a
low frequency to a Kerr cell so that the phase of the
outgoing light pulses was changed 180o during each
half cycle of the low frequency. Zero readings on the
galvanometer thus occur halfway between alternat-
ing maxima, and where the slope is highest which
means that the sensitivity will be maximum.

Geodimeter is thus a phase intensity compa-
rator and the intensity comparison is made at the
point of maximum rate of change (Fizeau measured
where the intensity was small).

Such is the basis of the Geodimeter
instruments.

Operation
When used in anger, if the distant mirror were
moved backwards or forwards a position would be
found where the currents balanced out and gave a
null reading. Obviously it would be very inconven-
ient to have to move the mirror for each line. One
alternative was to vary the frequency of light
modulation until a null reading was obtained since
the distance between the zeros is a function of the
frequency. In conjunction with such a system the
instrument had to be calibrated to allow for time lag
within its electrical circuits. The Bergstrand-built
prototype of the Geodimeter was built according to
this arrangement using a frequency of 8.332 230
MHz

For the first AGA production model instead
of varying the frequency the phase of the voltage
was varied by use of a variable time delay in the
circuit joining the plates of the Kerr cell to the
anode of the phototube.
The advantage with fixed frequencies was that even
short distances could be measured, which at that
time would have been very difficult using variable
frequencies.  This would have necessitated a large

O bserving with Geodimeter Model 1
(Photo: O rdnance Survey, U.K.)

frequency range combined with high accuracy,
impossible to achieve for portable equipment before
the advent of transistor technology.
The basis of the distance computation when the
galvanometer read zero was that

D = K + (2N-1)λ/8           (1)
where

D = distance to be measured
K = constant dependent on electrical
       delay factors
N = positive whole number
λ  = wavelength of the light pulses

             leaving the Nicol prism

The oscillations from the crystal controlled high
frequency oscillator in models 1, 2 and 2A had a
frequency of about 107  cycles per sec. and ampli-
tude of about 2000 volts and they were superim-
posed on oscillations of 50 cycles per sec. and 5000
volts which formed a carrier wave. These were
rectangular waves which means that positive and
negative voltages occurred over successive half
oscillations and these deflected the galvanometer in
opposite directions. Thus when voltages were equal
there was a null deflection. Since the velocity of
light was about 3x108 m/sec. with a frequency of
107 cycles/sec. this gave a wavelength of about 30 m.

Wavelengths
Among the wavelengths used in various models of
Geodimeter are:

Mercury vapour lamp 5500 Å
Standard lamp 5650
Red laser light 6328
Infra-red 9200
Infra-red 9300



Geodimeter model 2  (1955)
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A cluster of cube corner prisms
(Photo: O rdnance Survey, UK)

Plane mirror (Photo: O rdnance Survey, UK)

.... being transported through the forest.

Geodimeter Model 4

Geodimeter Model 2 ....



Geodimeter model 6  (1964)
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Geodimeter Model 6 in front of the Pyramids in Giza.
A  control measurement of the 4700-year old Cheops pyramid
showed that the north side measured 231.434 m and the east side
231.379 m - a difference of only 5.5 cm from a perfect square!

Geodimeter Model 8 in N epal



How it works

• Chops light very fast (30 meter 
pulses)


• Bounced off a corner reflector


• Calculate how much extra 
length is needed to match with 
outgoing pulse 


• Run at a different frequency
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LIDAR for autonomous cars



Retro-reflector on the moon


