Surveying with light



Land surveys (at least ~3000 BC)

Nile flooded annually, need to remark farms

Taxes

Construction (canals, roads, pyramids, etc.)



reat Pyramid of Giza; 1/15° alignment
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Greeks & Romans — Segovia, 15 km aguaduct
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Semi-modern methods



SasIC

- Triangles

‘baseline’

Need to know one distance
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Baseline measurement

Glass or Metal rods

Chain
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Anglo-French survey 1790
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Great Trigonometric Survey of India

- 1802-1871

- (George Everest was second supervisor



3 for 255 \ 3 8o [rs 38" 9 3 1
I =0
\ N\&* 7 p
L
. ~
<
Sooka Ram. |
.65 PESHAW o N KASHMIR
+2 74
[y 3
Norg¢, 2
&
" G \?
32° -
P 4
o 1 \/
an
) .
AL o, Se, s -
- 2 giohind () Mamasurowr Lake:
Dera ° - : " s
e : - Kptmas bames - .
A e 2 - - '*/ LASSA orllassa.
R p . Lk 28
rxhd = - a
Mo “ Hensi -
i . i 20020
M ' » - L
. A . . DEHLI %
. P .
281 5 . B . - A e enest
Bekaner & - Y s t
Y Sukier .2 Ilf‘—'i 2 K] € 6
. “ . - ° J t o Secbpoor |
B ° A {AG! ik e, . |
Jossulmers - o : o 54 4 -
“ Jeypoor / - [N, i 1
. “ \ “ G S o H Jooch Beher.
@ : X . Pl R 3 S <
Jodpoar® N o, G H 9 % 2 fren B 7 s
' Y S 5 8 A Purgesh B criec
. . - p A 2] ) “’:. 3 k) K > Dinnjposr [ Mirmgsbed \
(o HYDRABAD ‘Q ‘ I A 1 & " B 1 K T S I e o & é :;; , Maocpo® 241
4 b g Lon|gitua; S ¢ : o H Py A 3 " @ - . )
2 e A = i i gh % EHNE - ] s
\ « N2 b H ENE s s
5 16 s N - " 3 3 & £\ Régpoor > &
+ A
el - g . : J K S 7 vy E 7
ao % i N H ey i
@ > H = i illa
) g « Angur 3 - i F e pperih
s H ou oY ¢ o ’
s 5 ) . c U Taan |, MY D B A
P Tefusein et 5 3 o Singogje. % & ase Caleutts RIE\Wegp 2d
o, . 7 2 X Base . £ -
ad 5 H 9 [ TTA  Backergwn® b
or xuTC! s . : y +cnr,u S %0 (\ .
‘Mhow H A =
Ry " -5 B 3 e : S
y ™ Belaspoor® ¥ A N -
Tidal 3 : Keunjur, G ®
- s, ) o
oo “ttiqy) ommpta. g, \ sepies Mouths of e 6% Py
ar 1poor U <z N
f oo Sty Sugenn
20° e oKareoll <
. P .
0 o Kyoulo Phyoo,
H B
e B
] AM
: 'GANJ IQ
2 e
2 P o
< : <
b. .
S - 3 E N G A L ~
¥ B A Y OF
: @ANGOON
L 3 16’
g
 Coconada. &
167 P N
% &
© 9 &
o Tavoy
A
ks
| . \
¢ INDEX CHART Y
MADRAS 03 12
TO THE
” GREAT TRICONOMETRICAL SURVEY N
oF ndaman1)
fmdichorry )
e SO AN DILA N
i
Calicut)
Coimbatoor, richi Trenqueber
Ponany N oTenjore SHOWING COLONEL LAMBTONS NET-WORK OF TRIANGULATION IN SOUTHERN INDIA
Pulney, . THE MERIDIONAL AND LONGITUDINAL CHAINS OF PRINGIPAL TRIANGLES,
3 THE BASE LINES MEASURED WITH THE COLBY APPARATUS,
Codpin. o . THE LINES OF THE SPIRIT-LEVELLING OPERATIONS,
& THE ASTRONOMICAL, PENDULUM & TIDAL STATIONS,
Alepy AND THE SECONDARY TRIANGULATION TO FIX THE PEAKS OF
: THE HIMALAYAN & THE SOOLIMANI RANGES.
Quilon) Completed to 1% May 1870
Stations Jricomales
. Jeiniogy .
8 * Comorin Base wammne o ™
68° 2 76° 8 84’ 88" 92’ 6"

COMPILED UNDER THE ORDERS OF COL.J.T. WALKER, R.E., F R.S. &c. SUPERINTENDENT GREAT TRIGONOMETRICAL SURVEY OF INDIA AT DEHRA DOON, AUGUST 1870.

Engraved) at thes Surveyor Generalis Office. R



. i

A P

p“"'
“«

s'“\‘ e

CALCUTTA BASE LINE

from & sketch by James Prinsep, Jany. 1832

- IV, ech. iv ].
Reg No 5521 HD'52- 800'%4 ' 1, 495 l ] Printed at the Survey of India Ofhces (M.L.OJ.




Distance with light



Light travels 299,792,458 meters/second



Dr Erik Bergstrand

- Measuring the speed of light in
1940’s




Geodimeter model 1 (1953)




Geodimeter model 2 (1955)

. being transported through the forest.

Ceodimeter Model 2 ....



Geodimeter model 6 (1964)

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 l;
231.379 m - a difference of only 5.5 cm from a perfect square!




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




GEODIMETER MANUAL

Form 23
(8-6-54)

U.S. DEPARTMENT OF COMMERCE
COAST AND GEODETIC SURVEY

GEODIMETER OBSERVATIONS

State A/C&D MZ )(/.CO Locality (ué{ Date g/a//;$
station_Lybrooks to Station Umzion Geod. No. /4~
Observer Height Geodimeter l./o Meters
Mirror Tender J, D Kn‘gn&; Height Mirror 1.75 Meters
Time Heater on /320 Chief of Party < M 7})(””50’7
Time Plate on [%22 Recorder C W Thorson
Lamp Voltage 3 b Focus, Transmitting /0.3
Heater Vol tage ‘é > ‘Focus, Receiving @#,
Frequency gll Lt’.q 00nd. Mirror Lt.Noborzld. Ilv"requency gi LtNOCDn " Mirror Lt.Nobolzrd.
L | |/ -bo J_zo| : || 9. ¢5 755
Phase Phase
v |18l 2 Wkl 32 |- 56 | 1 |94 220 |4 222 (A K2
, +H R5 |- 5,/ + 54| -1229 |4 /8.0 |-|/7%
s | |=| 590 14| 520 |- 24| s | |+ 237 |4 /75 | /%0
o | WS 62) BB | . | || 220 |- 27/ [T 16/
Sun 22/ | 2294 |2050| sm Ut | 492 | 63
Mean 5)7%| 5735 | 5/25] mem 2290 | 2245 | 1702
Mirror Geodimeter Mirror Geodimeter Mirror Geodimeter
|ime 19)7 /1927 /740
tw. | 222%C| 24 230 2,6 224 2/0
rress| 75 20FF %27% | 7520 | %205 75/6 | %/%0
aum.| 7/%F /%6 | 23%
Eccentricity, Geodimeter 4‘ 04) 0790 Meters Mirror -‘0/930 Meters

Reduction of Electrical Length to Physi
LC; Light Conductor, course. Ic; Light
F1

Correct lc LC, éo -1¢; 5774¢ -n

cal Length:
Conductor, fine.m; Mirror, fin

5235 1o, 6o 10, 50 - 5924

Iy 57.78 !
F2
Correct lc LC, és‘ -1cy 2290 -m

C2 5/.29

2245 10 L5 1,55 - Y23

1cy 22.9‘0 1

wind: Ledm, Light,
Remarks:

6
Arrow in wind direction:

2 1702

Weather: Pestly—-Cloudy, Clear, Hazey—Smoke—Sharp
Thermometer: 2. Meters above ground at Geodimeter

M : Z Meters above ground at Mirror

Moderateyr—Herd

Nr‘rror' ”7o./ Com #IR+F ——0,00@8

Ficure 17.—Geodimeter observations, Form 23.

U.S. COAST AND GEODETIC SURVEY

GEODIMETER OBSERVATIONS

STATE: New Mexico LOCALITY: Cuba DATE: 9/1/58
STATION: LYBROOKS TO:  UNION
OBSERVER: G. B. Lesley RECORDER: C. W. Thorson
GEODIMETER NO: 114  MIRROR NO: 1
FREQ. WAVE LENGTH COMPUTATION QUARTER WAVELENGTH
» (meters)
99,792,500 -
1 %(10,000,003) (1.0002190) 7.493 1692
299,792,500 =
2 1{10,009,553) (1.0002192) 7.455 9996
299,792,500 _
3 1(10,299,792) (L.000219%) 7.275 0678
299,792,500
3 T(10,299,792) (1.0002195) = 7.275 0671
299,792,500 _
2 %(10,049,853) (1.0002195) 7.455 9974
299,792,500 =
1 §{10,000,003) (1.000219%) 7.493 1663
COMPUTATION OF CONSTANTS
GEODIMETER CALIERATION CONSTANT 1.1288
GEODIMETER ECCENTRICITY —0.0810
MIRROR NO: 1 CONSTANT —0".0088
FOCUS CORRECTION :;g;ggég
SUM OF CONSTANTS ~30.9956T1

COMPUTATION OF LENGTH

FREQUENCY

NO. OF QTR, WAVELENGTHS (N) 82780)
QUARTER WAVELENGTH X N 20831.0104
NO, OF LIGHT COND, X 0.7995 7.9950
FINE DELAY READING 0.1175

SUM OF CONSTANTS
SLOPE DISTANCE (METERS)

0.9961

FREQUENCY 1

QUARTER WAVELENGTH X N 20831.0023
NO., OF LIGHT COND. X 0.7995 7.9950
FINE DELAY READING 0.1351
SUM OF CONSTANTS 0.9961

SLOPE DISTANCE (METERS)
MEAN SLOPE DISTANCE

208%0.1190 208% 113%

20832 0567

208%0.1285 208%0.0921
20840.1162

2
208%293%29 205

.20
0 9961

g

0.9961

Fi6ure 22.—Computations of Geodimeter observations.
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3.1980
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LIDAR for autonomous cars




Retro-reflector on the moon
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