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Since the in troduction  of electronic d istance-m easuring equipm ent for 
m edium -length distances (1 to 30 m iles), m uch has been published about 
the princip le and accuracy of the various in strum en ts used for th is purpose. 
The au th o r w ishes to com m unicate some practical experience gained w ith  
the T ellurom eter (**) during a trila té ra tio n  survey in the A rabian Desert. 
In  1958, Aero Service Corporation was given the problem  of determ ining the 
coordinate position of four offshore navigation beacons near Ras T an u ra  
in  Saudi A rabia for the A rabian A m erican Oil Company.

The existing horizontal-control points w hich were to be used as the 
base of the survey could not be recovered w ith  certain ty  on the ground and 
were, consequently, of little value. It was, therefore, necessary to extend the  
survey to assure positive recovery of the previously established control 
points. To do the job by triangu lation  appeared difficult due to the adverse 
prevailing w eather conditions in  the area. Sandstorm s im pair the  visibility, 
and  costly tow er construction w ould have been necessary a t various stations 
to assure  line of sight. These considerations and  the fear of large la teral 
re frac tion  over the desert led to the conclusion th a t the problem  could only 
be solved economically by T ellurom eter trila téra tion .

F igure 1 shows the trila té ra tio n  netw ork  w hich was m easured by one 
T ellurom eter p arty  of four m en (two surveyors and  two Arab helpers) in  
30 days. 59 distances were m easured varying in  length from  3.5 to 58.2 
km . 17 of these distances were over w ate r —  these distances being usually  
looked upon w ith suspicion. Any flat, sm ooth surface over w hich the signal 
travels is know n to reflect the ground wave and  will, therefore, in terfere  
w ith  the direct-w ave signal resu lting  in  a fuzzy scope presen tation  and 
usually  an  unreliable distance m easurem ent.

(*) Reprint from  Journal of Geophysical Research  (the scien tific  publication of the  
Am erican G eophysical U nion), Vol. 65, No. 2, February 1960.

(**) A detailed study o f th is system  w ill  appear in  the Supplem entary Papers to  
S P  39.



F
ig

. 
1. 

— 
▲ 

Po
si

tio
n 

he
ld

 
in 

ad
ju

st
m

en
t 

..
..

 
A

zi
m

ut
h 

he
ld

 
in 

ad
ju

st
m

en
t



None of these phenom ena, however, w as experienced w ith  the long  
overw ater m easurem ents w hich were m ade at n ight by v irtue of logistic 
convenience ra th e r th an  on purpose. However, the short overw ater d istan 
ces, m easured  during  the daytim e, showed slightly fuzzy scope presentation  
and erra tic  distance readings.

All 4 distance m easurem ents to Beacon No. 4 deserve special m ention, 
because the rem ote station at the beacon site could not be seen from  the 
m aster-sta tion  locations on shore. The line of sight actually  was the chord 
distance, cu tting  14 to 69 feet below  the w ater surface. No trouble was 
experienced m easuring these lines. In  contrast to th is ra th e r unusual 
phenom enon, it w as im possible to m easure the m uch shorter distance from  
Beacon No. 6 to Beacon No. 4. It was not even possible to get voice com m u
nication  over the beam, and a m essenger had  to be sent by boat to relay 
messages. The reason for th is strange occurrence is a m ystery and would 
certain ly  be w orth  investigating.

D uring the whole operation, the survey party  was plagued by equip
m ent failures. Cable contacts broke too easily, and sand penetrated  into 
the instrum ent. The sandstorm s blowing over the desert m ade the vertical- 
angle m easurem ents difficult and slowed the operation, since the visibility 
was very poor. Trying to solve th is survey problem  by triangu lation  would 
have m ade the undertak ing  an  uneconom ical affair. T riangulation  as well 
as traverse surveys, both depending upon horizontal-angle m easurem ents, 
are no t suited for desert areas, because of the unfavorable influence of 
the prevailing w eather conditions upon the m easurem ents. T rila tération  
m easurem ents are no t restrained  by these conditions and can be m ade under 
otherw ise im possible circum stances. The T ellurom eter party  experienced 
the handicap  of angular m easurem ents quite vividly, when considerable 
tim e was w asted w aiting for the atm osphere to clear in  order to m ake the 
vertical-angle readings, necessary for the slope correction of the Telluro
m eter m easurem ent.

Everybody who has had  the fru stra tin g  experience of sighting on a 
dam aged or destroyed triangu lation  signal, can readily appreciate the big 
advantage of trila téra tion  m easurem ents. The rem ote station is attended 
and can, therefore, not be destroyed by anim als or local inhab itan ts while 
in  operation.

It is our contention th a t the triangu lation  m ethod would have been 
quite im possible for solving th is survey problem, both from  a technical and 
from  an  economical point of view.

Fig. 2 shows the m agnitude of the probable point errors. In  the 
ad justm en t, two stations and one azim uth were held fixed. The average 
probable erro r of all points is ±  0.33 m etre. The average probable position 
erro r of the 4 beacons is ±  0.43 m etre ( ±  1.3 feet) w hich shows clearly 
th a t the overw ater distances are not of the same quality  as the overland 
m easurem ents. The trila téra tion  netw ork was planned to satisfy specifica
tions w hich allowed a probable position erro r of ±  0.76 m etre ( ±  2.5 feet) 
for the  beacon sites. This requirem ent was fulfilled as shown by above 
erro r figures. Table I gives a sum m ary of the probable position erro r of 
each station. Table II shows the com parison between m easured and ad justed  
distances.
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F ig. 2. —  Probable point errors in  m eters



T a b l e  I

Probable error of a single observation is ±  .207 m etres 
Probable error of each position

Station Latitude
(seconds)

Longitude
(seconds)

222 ...................................... ±0.013 ±0.006
013 ...................................... 0.005 0.007
023 ...................................... 0.009 0.009
024 ...................................... 0.009 0.006
028 .................................. 0.009 0.006
029 ...................................... 0.008 0.008
030 .......................... ........... 0.008 0.008
031 ...................................... 0.010 0.008
033 ...................................... 0.006 0.007
035 ...................................... 0.004 0.006
037 ...................................... 0.006 0.006
N. Base .............................. 0.003 0.003
Ft. T a ru t ............................ 0.005 0.015
N. Tower .......................... 0.010 0.008
Beacon 4 .......................... 0.013 0.010
Beacon 6 .......................... 0.010 0.009
Beacon 8 .......................... 0.010 0.010
Beacon 5 7 ................. 0.012 0.007

T a b l e  II

From
Station

To
Station

Measured
Tellurometer

Distance
(metres)

Final Adjusted 
Inverse Lengths 

(metres)
Difference
(metres)

222 023 7 136.30 7 136.43 +  0.13
024 7 144.60 7 144.64 +  0.04
025 10 711.12 10 710.70 — 0.42
028 16 962.68 16 962.94 +  0.26

Beacon 4 58 206.36 58 206.39 +  0.03

013 029 16 942.73 16 942.85 +  0.12
030 15 354.18 15 354.09 — 0.09
033 21 167.12 21 166.97 — 0.15
035 14 774.79 14 775.08 +  0.29

N. Base 11 194.46 11 194.40 — 0.06
S. Base 10 870.55 10 870.37 — 0.18
Ft. Tarut 15 421.02 15 420.96 — 0.06
N. Tower 19 812.63 19 812.66 +  0.03

023 024 11 304.81 11 304.70 — 0.11
025 7 841.52 7 840.90 — 0.62
028 14 786.51 14 787.21 +  0.70

024 025 9154.45 9 154.58 +  0.13
028 12 866.89 12 866.82 — 0.07
029 19 440.17 19 440.21 +  0.04
031 16 513.14 16 513.12 — 0.02

025 028 6 982.56 6 981.95 — 0.61



From
Station

To
Station

Measured
Tellurometer

Distance
(metres)

Final Adjusted 
Inverse Lengths 

(metres)
Difference
(metres)

028 029 12 260.59 12 260.76 +  0.17
031 6 008.65 6 008.50 — 0.15
033 12 954.27 12 954.54 +  0.27

Beacon 4 42 343.39 42 343.38 — 0.01
029 030 4 849.27 4 849.29 +  0.02

031 6 693.56 6 693.44 — 0.12
033 9 780.38 9 780.42 +  0.04

030 033 6 700.26 6 700.18 — 0.08
N. Base 11 716.80 11 716.88 +  0.08

031 033 8 275.28 8 275.17 — 0.11
033 035 13 819.12 13 819.04 — 0.08

N. Base 14 279.85 14 280.03 +  0.18
S. Base 18 710.05 18 710.19 +  0.14
Beacon 4 32 548.96 32 548.93 — 0.03
Beacon 6 23 528.58 23 528.52 — 0.06
Beacon 57 28 060.63 28 060.71 +  0.08

035 037 3 498.15 3 498.09 — 0.06
N. Base 3 602.48 3 602.28 — 0.20
S. Base 6 123.86 6 123.77 — 0.09
Beacon 8 30 385.66 30 385.68 +  0.02
Beacon 6 16 494.85 16 494.79 — 0.06
Beacon 8 15 448.91 15 448.95 +  0.04
Beacon 57 17 508.05 17 508.05 0.00

037 4 531.80 4 531.76 — 0.04
' 3 735.62 3 735.60 — 0.02

Beacon 6 16 816.69 16 816.78 +  0.09
Beacon 8 12 219.78 12 219.75 — 0.03
Beacon 57 16 275.30 16 275.13 — 0.17

N. Base S. Base 4 449.52 4 449.49 — 0.03
Ft. Tarut 20 457.77 20 458.02 +  0.25

S. Base Ft. Tarut 16 584.04 16 583.74 — 0.30
N. Tower 12 949.53 12 949.48 — 0.05

Ft. Tarut N. Tower 12 417.32 12 417.33 +  0.01

N. Tower Beacon 6 23 608.34 23 608.29 — 0.05
Beacon 8 5 704.66 5 704.80 +  0.14
Beacon 57 18 177.06 18 177.01 — 0.05

Beacon 6 Beacon 57 7 526.31 7 526.28 — 0.03

Beacon 8 Beacon 57 12 473.70 12 473.80 +  0.10

This survey proved the advantage of the trila téra tion  m ethod over 
triangu la tion  in an area w ith  poor visibility  conditions. Using a m aster and 
two rem ote stations would have speeded the operation considerably, since 
m ost of the unproductive tim e was due to traveling from  point to point.

A nother Tellurom eter trila té ra tio n  is in  progress at the p resen t tim e 
in  the sam e area. Its basic concept is a direct outgrow th of the experience 
gained during  the Ras T anura  survey w hich showed th a t overw ater distan-



ces can be m easured w ithout line-of-sight connection between the two 
Tellurom eter stations.

Aero Service is engaged in  a sea-boundary survey between Saudi A rabia 
and  B ahrein. Fig. 3 shows the trila té ra tio n  netw ork and the boundary  
points. The boundary  position will be determ ined by halving the distance 
betw een opposite shore m arkers. No tow er construction  is anticipated. This 
T ellurom eter p arty  is now equipped w ith  one m aster and two rem ote 
stations in  order to w ork m ore efficiently. As of today, half of the project 
is com pleted.

The difficulties encountered so fa r are not of a technical na tu re  bu t 
are due to vehicle trouble. More and  m ore we realize th a t adequate 
m eans of tran sp o rta tio n  and logistic support are the deciding factors on 
a T ellurom eter trila té ra tion  project, since the  tim e requ ired  to m ake a 
d istance m easurem ent is negligible com pared w ith  the tim e spent to get to 
the station  site in  difficult terrain .

It is well know n th a t all T ellurom eter m easurem ents are subject to 
the am bient m eteorological condition w hich changes the velocity of the 
em itted  signals inversely to the index of re frac tion  of the transversed  
m edium . P ressure, dry-bulb and w et-bulb tem peratu re  m easurem ents are 
usually  m ade at both  stations, and the  average index of refraction  is used 
to reduce the Tellurom eter readings. This procedure gives satisfactory  
results. D iscrete m easurem ents along the signal path , however, would 
increase the distance-m easuring accuracy since a change in  the 6th decim al 
place of the index of refraction  affects the centim etres, th a t is the inheren t 
m easuring  accuracy of the in strum ent.

In order to facilitate the index of re frac tion  com putations, Aero Service 
uses the  following m ethod w hich was developed by Capt. Carl Aslakson.

The basic form ula for the index of refraction  is a function  of pressure, 
dry- and  w et-bulb tem perature. It can be separated  into 3 parts  w hich are 
separately  functions of wet- and dry-bulb tem peratu res and pressure. 2 
nom ogram s were constructed w hich are entered w ith  the 3 m easured p a ra 
m eters, extracting 2 values Nx and N2 w hich are added to obtain the index 
of refraction.

F igure 4 shows the two nom ogram s used for th is purpose.
In order to use these curves it is necessary to m ake the pressure 

m easurem ents w ith  an altim eter calibrated  according to the NACA atm os
phere. In strum en ts calibrated according to o ther s tandard  atm ospheres 
can only be used w hen the readings are converted to NACA values before 
entering  the nom ogram s.

O verw ater m easurem ents w ithout line of sight between the two s ta 
tions are considered as geodetic lines, and  no slope or sea-level corrections 
are applied. The least-squares ad justm en t of the T ellurom eter trila té ra tio n  
netw ork is done by the varia tion  of coordinate m ethods sim ilar to Shoran 
trila té ra tio n  ad justm ents.

W hen p lanning trila té ra tion  netw orks, one has to keep in  m ind th a t 
m ore lines m ust be m easured th an  in  a triangu la tion  scheme if the same- 
streng th  of figure shall be m aintained. T rila téra tion  netw orks are, th ere
fore, m ore elaborate and not as sym m etrical as triangu lation  chains of 
quadrila te rals. In order to detect any  possible constan t m easuring erro r 
K, it is advisable to insert “ sliver triangles ”, w hich are long th in  triangles,



F ig .  3 . —  A T riangulation Station
O Marked and Observed Points
0  A uxiliary  Points
o Boundary Points



in  the trila té ra tio n  net. This configuration is foreign to triangu lation  net
w orks. If there are a  sufficient num ber of sliver triangles in  a netw ork 
and  if a constan t m easuring erro r is actually  present in  all distance 
m easurem ents, the value of K can be determ ined by inserting  K as an 
unknow n in  the observation equations.

I hope th a t w ith  th is description of Aero’s experience w ith  Tellurom eter 
trila té ra tio n  in  Arabia, I was able to dem onstrate the practical significance 
of electronic trila té ra tio n  surveys.


