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Introduction 

On behalf of the organisers of this conference I would like to 

extend a warm welcome to all who attend, whether as invited 

speaker, guest, delegate, or exhibitor. Geomatics *99 takes place 

at a time when the RICS is in the throes of ñThe Agenda for 

Changeò - a major reorganisation to meet the needs of its 

members in a rapidly changing world. Anyone in any doubt 

about the extent or importance of the changes that are taking 

place should compare the contents of the two volumes of 

conference proceedings. Not only do they clearly demonstrate the 

technological changes that have taken place, but also the 

different skills now needed for efficient practice. What has not 

changed is the necessity for geomatics surveyors to understand 

mathematical concepts and follow scientific procedures in their 

work. These essentials can be forgotten in the process of change, 

including the change of the Divisionôs name. 

Although members of the Geomatics Division comprise fewer 

than 5% of the membership of the RICS, I see growing evidence 

that the Institution as a whole is coming to recognise that the 

knowledge and skills of its geomatics surveyors are important to 

all other chartered surveyors in whatever business they are 

engaged. It has been, and will continue to be, the intention of the 

Geomatics Divisional Council to ensure that when the 

reorganisation following ñThe Agenda for Changeò is completed 

next year, its members will be ready to use the new institutional 

structure and procedures to achieve their professional objectives 

with in and outside the RICS. It is my opinion that the 

opportunities before us are more exciting and more varied than 

they have ever been. We must be confident and ambitious enough 

to turn these opportunities into achievements. In his introduction 

to the second volume of these proceedings, Andrew Pilditch, who 

organised the technical programme and edited the contributions, 

discusses these opportunities. 

The contents of this first volume are almost entirely about the 

first 50 years of the of the Land Surveying Division. As Jim 

Smithôs history shows, there are many events and dates which 

might be taken to signify the Divisionôs birth, or indeed its 

conception, but none is definitive and all are arguable. This 

should not concern us too much for we are accustomed to 

measures of uncertainty. We can however be confident at this 

conference that the Division is at least 50 years old. 

The ways of life and of work experienced by military and 

colonial surveyors in the decades following the end of World War 

II have ended, never to return. I therefore decided that in 

addition to publishing a formal historical account of the main 

events relating to the Division, I would attempt to put on record 

some membersô recollections of the last 50 years. I contacted 

about 30 individuals I knew personally, most of whom have now 

retired, and asked each to write for publication a personal 

account of what it had been like to 

work as a land or hydrographic surveyor. Almost everyone I 

invited agreed enthusiastically to do what I asked. Nobody 

refused outright; the one or two who finally refused my invitation 

did so only after much thought, saying that what they had done 

could not possibly be of any interest or importance to anyone 

other than themselves. I did not agree, but I failed to convince 

them otherwise. 

Important political, social, economic and technological 

changes took place in the period covered by these accounts. 

Historians are now turning their attention to de-colonisation 

(and its aftermath) of territories ruled by western European 

nations. Official papers are being used by some academic 

historians to write about the colonial era in different ways and 

from different standpoints. Some of these accounts impute 

motives, or states of mind, to those who were employed by the 

colonial power to work as expatriates in the colonies. Sometimes 

these accounts seem to me to be incomplete, or wrong. It should 

not be expected that merely by this publication any of that will 

change. Alastair Macdonaldôs book on DOS (Mapping the 

World, HMSO, London, 1996, ISBN 0 11 701590 3) is one 

important source of material for historians of the colonial era. 

The DOS Gazette is another. 

This publication adds more evidence in the form of words 

chosen by surveyors themselves (whether DCS/DOS or not) to 

describe their work. The contributions have undergone a 

minimum of editing so that the individual voices can be heard; 

changes to the original texts have been made only where it was 

necessary to produce a uniform page layout. I have however had 

to select fewer than half the photographs submitted; the cost of 

printing, particularly in colour, placed a limit on their number. 

The form chosen for the authorsô names is a concession to 

modernity. Contributors have professional and academic 

qualifications. Many have titles or ranks and some have received 

honours. By ignoring all those details I have avoided offending 

some individuals by getting their particulars wrong, but run the 

risk of offending everyone by getting none right, so I offer my 

apologies to all. 

I would like to thank those who contributed to this volume: the 

authors of the individual articles, the lead speakers at the five 

conference sessions which celebrate the last 50 years; Jim Smith 

for a long period at work in the archives and at the keyboard in 

preparing such a detailed and informative history of the 

Division; and Patrick Budge and his colleagues in Academic 

Printing Services at City University, London for producing both 

volumes. 

Michael Cooper, editor, 

President RICS Geomatics Division, 1999-2000, 

September 1999. 



 

Technical sessions to mark 

the 50th Anniversary 

of the RICS Geomatics Division. 

Contributions from lead speakers. 

Session 1, 14.00-15.10, Friday 10th September 1999. 

50 YEARS OF LOGISTICS 

Alastair Macdonald 

Even in the days of complicated geodetic theodolites and long 

before the advent of GPS, one could always argue that the 

practical skills involved in surveying were but a minor role for 

the jack-of-all-trades that a land and, I suspect, a hydrographic 

surveyor needed to be. Those other skills included human 

resource manager, vehicle/boat mechanic, accountant, clerk, first 

aider and logistics planner. 

These skills were nowhere better exemplified than in the work 

associated with large national networks of triangulation. This 

could be a complex operation involving the coordinated 

movement of several surveyors and a number of light parties to 

a succession of hills, some of which might be easy to reach and 

others quite difficult. Light parties could spend several months 

on one hill and a surveyor might take a month to complete the 

observations if the weather was uncooperative. Clearly, careful 

planning of the operation could yield worthwhile results though 

it has to be said that the weather delays, which were tedious and 

often far and away the dominant factor in progress, frequently 

induced a fatalistic, suck-it -and-see approach to the logistics. 

The work could involve a very large workforce. In 1931- 32, 

for example, Hotine employed 200 porters when he observed the 

section of the 30th Arc to the east of Lake Tanganyika, many of 

them carrying food for those carrying the equipment (and some 

carrying food for those carrying food etc. etc.!). Obtaining 

sufficient food for them all was a constant worry and Hotine had 

a young junior official seconded from the administration whose 

sole job was to arrange large dumps of food (up to 2 tons) at key 

locations. The whole chain, nearly 500 km long, was observed on 

foot, communication was by Morse signal on heliographs, the 

surveyors walked from north to south carrying out a 

reconnaissance, partied in Abercom in Northern Rhodesia for a 

couple of months, and then walked back north again carrying out 

the observations. 

The 1940s saw a grudging acceptance of the internal 

combustion engine as something that might be marginally 

justifiable for this kind of work. Vehicles and boats were often 

pushed beyond their limits and the resultant breakdowns caused 

much heartache. Broken springs bound up with tree bark, Land 

Rover half-shafts snapping like match sticks, radiators 

punctured by rhinos, boats capsizing - a constant stream of 

problems. The problem of employing porters to carry food for 

porters to carry food for porters was replaced in some remote 

areas by vehicles carrying fuel for vehicles. 

HF radios came on the scene in the 50s but were too 

unpredictable to be of much help. Often it was possible to speak 

to a surveyor in a neighbouring country, but not to one on the 

next hill. Communications were always primitive. UK 

government surveyors had to send a coded telegram to the 

Colonial Office every month to prove they were still alive and had 

qualified for their salary.  

The 1960s were the decade of the Tellurometer which had a 

huge impact on every aspect of logistics. The long sieges of high 

mountains that characterised triangulation disappeared and a 

new station could be completed in a couple of days at most. A 

huge increase in output was now possible, but it required careful 

coordination of surveyorsô movements to ensure that the 

observing programme went smoothly. The duplex VHF 

telephone link was an enormous boon and at long last everyone 

could understand exactly what everyone else was doing without 

resorting to incomprehensible conversations in Morse with 

heliographs. The large work-forces of the early days had been 

steadily reduced over the years and could now be reduced even 

further. The key employees were the headmen and light keepers 

on whose efficiency much of the progress depended. 

Tellurometers contributed to the de-skilling of the work and local 

staff could easily be trained to operate them at remote stations. 

The 1970s saw the beginning of satellite-based positioning and 

the gradual abandonment of hilltop control stations. Today, the 

total dominance of the Great Triangulation in the Sky would 

seem to have passed most of the problems of logistics to the 

computer - at least for the land surveyor. If coordination is 

required, it is between the automated observations of a 

permanent station and those of a rover. Wide 



views from mountain tops may still entrance many surveyors but 

their employers are no longer willing to pay them for indulging 

that pleasure. They can instead join the fraternity of on-road 

4WD drivers and keep their Land Rovers and Land Cruisers 

squeaky clean, unless of course they get splashed whilst parked 

at some convenient spot on a motorway hard shoulder. 

More will be expected of them at lower cost and with fewer 

employees. The accountants will want to know their costs per 

station installed, both budgeted and actual. They will battle with 

the Department of Transport over lane closures. Their mobile 

phones will track them down on wet days and send them 

somewhere else. The GPS will tell them where they are at the 

touch of a switch and, if they would like European Datum in 

Singapore or Borneo Skew Orthomorphic coordinates in the 

Hebrides, it will tell them that too. But the chances are that the 

work they do will be more fit for purpose and less likely to appear 

wasteful in another fifty years. After all, the 30th Arc was never 

computed on anything other than European Datum. OS has 

abandoned its network of pillars without many of them 

providing any benefit to anyone other than hill walkers. But it is 

easy to be wise after the event. Those national networks of 

triangulation were an essential element of the process of 

developing technology. They provided the surveyors of the time 

with a much more physical challenge than todayôs technology but 

perhaps they also provided a greater opportunity for mental 

relaxation as the cloud settled on a mountain summit in the late 

afternoon and another observing session had to be abandoned. 

Session 2, 15.30-16.40, Friday 10th September 1999. 

50 YEARS OF PROCESSING 

Michael Cooper 

Following a brief interval when electromechanical devices 

were used for survey computations, electronic methods 

superseded manual methods with astonishing rapidity. Jim 

Smithôs book (J.R. Smith. Desk Calculators, Crosby Lockwood 

Staples, London, 1973, ISBN 0 258 96898 2) was written at a time 

when new electronic calculators, some programmable, were 

beginning to replace electro-mechanical calculators. They were 

soon made obsolete by mass-production of integrated circuits, 

lower costs and greater reliability. The earlier transition from 

mechanical to electro-mechanical computation had led only to 

faster calculations, not to any new algorithms. 

Supplied only with Shortredeôs Tables of seven-figure (in the 

mantissa) logarithms of trigonometrical functions (tabulated for 

every 1 second of arc - beware the lozenge), Chambersô Tables of 

seven-figure logarithms of natural numbers, pen and paper, 

surveyors calculated such diverse 

quantities as: azimuth from astronomical observations; the 

ellipsoidal latitude and longitude of a station, given the ellipsoidal 

azimuth and distance to it from a station with given coordinates 

(the ñforward problemò); the ellipsoidal azimuths (two) and 

ellipsoidal distance between two stations with known ellipsoidal 

co-ordinates (the ñreverse problemò); and the plane rectangular 

co-ordinates of sta- * tions in a traverse adjusted for misclosure 

(only if acceptable of course) by Bowditchôs method. Formulae 

particularly suited for logarithmic calculation have the form 

y=apbq... where a, b,... are natural numbers or trigonometrical 

functions and exponents p, q,... are positive or negative integers 

or simple fractions. 

Computation forms were designed for routine calculations 

based on specific formulae. The surveyor had to write down in the 

designated place on the form, at each and every stage in the 

computation, the derived values. Independent checks on the 

numerical results were sometimes possible to devise without 

needing too much extra time. The numerical values had to be seen 

to be in agreement before the calculation could be regarded as 

complete. If an independent calculation using a different formula 

was not possible, the check had to be made by other means, such 

as an independent re-calculation by another person. It was 

however customary simply for another person to go through the 

original calculation, ticking each stage if it was found to be 

correct. This procedure did not always result in an independent 

check; a lax checker could tick without checking. In managing a 

computing section it was advisable to arrange for a checker to 

check the work of someone they did not particularly like. It was 

also useful from time to time to give out for checking a calculation 

with a known error to see if it were discovered or not and make a 

dreadful fuss if it were not picked up. 

Replacing Shortredeôs and Chambersô by Petersô Tables of 

eight-figure natural trigonometrical functions (tabulated for 

every one second of arc) and the pen and paper by a mechanical 

calculating machine (Facit and Brunsviga were two of the more 

common makes - the latter could easily be used for calculating 

square roots) were moves away from the painstaking manual 

recording and checking that logarithmic calculation demanded. 

Formulae of the form y = a b ± c d ± e f... are suitable for 

mechanical calculation: the individual products can be 

accumulated on the machine, there is no need to write them down. 

For this reason the Choleski method for matrix decomposition 

was of practical importance even before programmed 

computation, but the independent checks were almost as tedious 

as the original calculations. When a check gives a value different 

from the original value, which, if either, is correct? And in any 

case, if the check value agrees with the original, they just might 

both be wrong. 

Calculating machines and Petersô Tables were replaced by 

electronic calculators by the late 1960ôs. Hewlett Packard and 

Casio in particular were two common makes of pocket calculator 

which surveyors accepted eagerly. The use of function keys was a 

major factor  in increasing the speed of calculation, but there was 

some concern about the accuracy 
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of the algorithms used by one or two manufacturers for 

evaluating functions of a given argument and of the number of 

significant figures in the display that could be relied on. Such 

matters were never in doubt when using a mechanical calculator. 

The more significant change was from manual to mechanical 

calculation, not mechanical to electronic. The former was the first 

move away from the surveyorôs literally hands-on engagement 

with the process of calculation in which each intermediate value 

was derived and recorded manually. The history of survey 

computation since then has been one of increasing opacity of the 

process. 

Fifty years ago, one or two surveyors might have imagined the 

changes that programmed computation would bring to the 

processing (and acquisition) of data, but nobody could have 

expected them to have taken place so soon. Land surveyors who 

have been practising for the last 30 years or so have had to come 

to terms with the greatest changes in instrumentation and 

methods that any surveyors have faced before. The rates at which 

data can be automatically produced, transferred, analysed, 

processed, transformed and presented are still increasing; at the 

same time, costs of these activities are decreasing. The surveyor 

has become detached from the close physical engagement with 

measuring, recording, calculating, drafting and printing. 

Photogrammetry with digital images exemplifies these changes at 

all scales from the microscopic to the planetary. Automated 

camera calibration and bundle adjustments with thousands of 

degrees of freedom are becoming the norm in close range 

photogrammetry, and automatically derived 3D CAD-type 

models of the object will soon be possible. For satellite and aerial 

images, digital terrain models, generated automatically, are 

routine. Methods for image matching, feature extraction and 

object recognition are being developed to add automatically 

specific features to the DTM to produce a digital 3D mapping of 

the earth and other planets. 

One result of the pursuit of automation is that anyone with 

computer skills (and that will soon be nearly everyone) can do 

things which formerly could be done only by highly trained and 

knowledgeable specialists. People having only moderate 

computer skills, an inexpensive digital camera or scanner, 

commercially available software and an hour or so to spare can 

create simple 3D digital models from holiday snaps taken around 

their hotel, or on a golf course. With a hand-held GPS receiver 

and data-logger they can add other features, locate everything to 

UTM grid and make a holiday GIS (if they are interested enough). 

This raises the question ñIs there any need for the geomatics 

surveyor?ò Anyone taking part in the sessions tomorrow and 

Sunday should be in no doubt about the answer. 

Session 3, 16.50-18.00, Friday 10th September 1999. 

50 YEARS OF DISTANCE 

MEASUREMENT  
Arthur Allan 

Until the development of electromagnetic distance 

measurement (EDM) in the 1940s, the derivation of lengths longer 

than a tape length required much ingenuity from the instrument 

designer, a deal of skill on the part of the surveyor and 

considerable care with any reductions and computations. As with 

all surveying, the environment of the measurement was often 

crucial in the selection of method. We think of taut wires at sea, 

sledge wheels in snow fields, and subtense measures inside 

nuclear reactors. In many situations, such as woodland or tunnel, 

traversing was, and still is, the only practicable method of 

measurement, and in detail surveying or setting out, polar 

methods were and are by far the most convenient, although line-

and-offset methods still have their place. Geodetic base lines 

(typically 20 km) had to be measured in catenary or along railway 

lines to give scale to triangulation networks; and the dependence 

upon metal bars for standards of length caused much 

aggravation, inconsistency and incompatibility. The development 

of EDM and the ability to realise a length standard as a function 

of frequency and time has brought greater convenience, much 

consistency and phenomenal increase in accuracy to the whole 

spectrum of distance measurement. 

The straight line path between two points is by itself of little 

use except in construction works. Other information, such as 

slope and height above datum, and computation techniques, are 

also needed to incorporate a length into a coordinate system. 

Sometimes length differences or length sums were easier to 

measure and exploit. With the advent of the microwave 

Tellurometer, some uncertainty existed for a time about the 

derivation of the air distance between points whose coordinates 

were known only on a reference ellipsoid. Also, these same 

instruments demanded a proper treatment of weights in a 

network calculation, and exposed the limitations of the piecemeal 

application of least squares which arose from calculation 

methods, inevitably limited by mechanical calculators. 

In the Table, I have listed some of the instruments used in the 

past to measure distances or range differences. I do not intended 

to describe any of these in detail. Some were quite short-lived, 

while others, such as subtense bars and odometers, still have a 

place in the contemporary scheme of things. The optical 

mechanical analogue systems rarely broke down, and many could 

be repaired in the field if damaged by accident. Calibration and 

standardisation was a routine procedure (often used as an excuse 

to avoid unsociable working conditions) and the accuracy 

obtained, unlike today, was very often highly dependent on the 

surveyorôs skill and care. From among the items listed in the 



Table below I wish to comment on but a few. 

Why did we have to use 100ft tapes, when others, notably in 

Malaysia and New Zealand, seemed happy with 300ft or even 

longer? 

Why was the stereoscopic rangefinder not more used? 

E.H.Thompson always regretted this. 

Distance obtained from the stadia intercept on a vertical staff 

is far inferior to that using two vertical angles, and the process 

only marginally quicker. 

Hybrids were not exploited properly, such as the use of stadia 

readings to solve the approximate range in early Geodimeter 

measurement. Froome was not averse to this hybrid approach in 

his Mekometer, using a steel tape for the interpolation of parts of 

a wavelength. 

The Hunter short base technique was not as widely used as it 

could have been, although some surveyors, like Sam Evans, 

exploited the method in seismic work. 

Often the circumstances of a survey demanded a flexible 

approach; recall that busy road, a dangerous railway junction, a 

cultivated field, a hostile landowner demanding redress, a burial 

ground, a stretch of marsh, terrain pitted with potholes, land 

covered with cacti, a field full of randy bulls, a dangerous ravine, 

a noisy construction site, a dust- filled tunnel, and always the 

weather! 

To have had the facility to point and measure would have been 

complete bliss! Or would it? There would have been no challenge, 

and no fun! 

Please pass me my Disto, I have a line to measure! 

Some Methods of Measuring Distances or 
Range Differences 

(Units: feet and inches/ feet and decimals/ 66 ft and links/ 

fathoms/metres. Foot/metre conversions eg Sears Johnson Jolly) 

Time of Flight Systems 

Camel speed Eratosthenes  

Ship speed Knots 
 

Echo sounder Flash spotting Radar 
 Shoran/Hiran GPS 

Incremental Systems 

Pacing Odometer Pedometer 

Strings on drum Decca 
 

Steel tape Flat Catenary 

Cloth tape 

With tail Linen  

Plastic 

Laser interferometer Vaisala comparator White light  
Chain Gunterôs 66 ft Engineerôs 

100ft Steel band Distinvar  Distometer 
(diff)  

Triangulation Systems 

 

Subtense bar 2 metre Hunter short 
base 

Two VAs Allan /Boghaerts 
 

Opto-Mechanical Systems 
 

Bar tachymeters Redta RDH/DKRT  

Vertical 
tachymeters 

Dahlta/RDS Vertical stadia 

Range finder Coincidence BRT 006 Stereoscopic 

Electro-Optical Systems 

 

Geodimeter Intensity Modulated Mirror/comer 
cube 

Mekometer Polarised light Geomensor 
Tellurometer 
MA100 

DI 10 Near infra red 
Laser ranger Tetrameter (2-colour) Disto 

Microwave Radio 

Tellurometer Phase comparison 
 

SECOR Doppler (diff)  GPS 

Session 4, 09.50-10.50, Saturday 11th September 1999. 

50 YEARS OF BOUNDARIES 

Brian Parsons  

Based on my own experience and involvement in several 

projects, I aim to stress the vital role which the land surveyor has 

to play in every stage of a border demarcation project. It is my 

firm belief tha t any international border project which does not 

take full advantage of the unique skills of an experienced land 

surveyor lays itself open to much subsequent misinterpretation 

and misunderstanding. A border project may be considered to 

fall within the fol lowing four main phases: delimitation; drafting 

technical specifications; demarcation; and aerial photography 

and mapping. 

The delimitation process encompasses study of existing 

treaties and agreements, field visits and reconnaissance, and 

study of aerial photographs and satellite scenes. It leads to 

bilateral negotiations between the two sovereign countries 

involved and to the signing of the Boundary Agreement between 

the two Heads of State. The land surveyor must play a leading 

role in this process with regard to the study and interpretation of 

any existing treaties and agreements, particularly those that 

contain ñmetes and boundsò descriptions, or references to lines 

of geographical latitude and longitude, or to lines joining 

geographical coordinates, or where lines of the intended border 

have been marked on existing maps or aerial photographs. 

One of the most critical factors leading to the successful 

outcome of a border demarcation is unambiguous wording of the 

technical specifications, which need to be drafted by a competent 

and experienced land surveyor. The specifications must 

encompass every single aspect of the border agreement reached 

between the two countries, and must be written in such a way as 

to minimise any grounds for misinterpretation or 

misunderstanding. During the drafting of the technical 

specifications the land surveyor has the oppor 



tunity to tighten up any loose wording or inappropriate 

terminology which may have inadvertently crept into the signed 

border agreement and which might otherwise have led to 

misunderstanding regarding the exact intention, if not corrected 

at this stage. 

The demarcation process is where the land surveyor comes 

completely within his own specialised field of expertise. It 

involves the following steps. (1) Precise determination on the 

ground of the correct positions of each of the various border 

monuments according to the agreed positions and within the 

tolerances as set out in the technical specifications. (2) 

Construction of the border monuments. (3) A survey to geodetic 

standards to determine the coordinates of each constructed 

monument. (4) Computation of the geodetic coordinates. 

The land surveyor is fully responsible for quality control of 

the aerial photography according to his specifications, and for 

the subsequent mapping of the border corridor at the various 

scales specified. 

The most significant development which has affected border 

demarcation surveying techniques in recent years has been the 

universal availability of GPS. By using geodetic dual frequency 

receivers, and by adopting precise ephemeris values in the final 

data processing it is now possible to achieve relative positional 

accuracies to well within centimetre level with relative ease and 

at a fraction of the cost and time expended using latter-day 

conventional methods. This technique has proved to be of 

inestimable value in the case of recent demarcation surveys 

undertaken in remote and environmentally inhospitable regions. 

Session 5, 11.30-12.45, Saturday 11th September 1999. 

50 YEARS OF END 

PRODUCTS 
Clifford Burnside 

I will not start by defining what is meant here by the word 

ñsurveyingò because all those present will know. However, the 

phrase ñend productò does require some further elaboration 

because I intend to use this term in a rather broad context, as the 

following comments will illustrate. 

Surveying, of our sort, has always been an attractive subject, 

if only from the point of view of the diversity of its end products. 

And because of this diversity it has, in its time, provided ample 

opportunities for persons with artistic or scientific abilities to 

show their mettle. However, due to the introduction of digital 

technology, this rich variety is perhaps not as obvious as it once 

was. But it is still there nevertheless and I hope it will remain that 

way. 

The results of any advancement in a technology are most often 

made most apparent in the nature of the end products 

it produces. Some products in fact become obsolete and so cease 

to exist. Others change so much in the nature of their 

presentation that, at first sight, they appear to be new products. 

However, although technologies still seem to be advancing at 

great speed it seems to be that in fact there are few new end 

products now being produced. Most of the changes appear to be 

in form and presentation rather that radically new products. 

Most interestingly, this situation can be contrasted with that of 

an earlier era at the beginning of this century, and a little 

beforehand, when in fact many totally new products did appear. 

Things such as aeroplanes, motor cars, wireless telegraphy and 

wireless and television sets are just a few obvious examples. 

Against this background it is therefore interesting to examine 

how surveying has developed over the years under the influence 

of the great technological changes that we have experienced. And 

it seems that, on a first examination at least, the basic end 

products are much as they always were. Their forms have 

however changed, sometimes quite radically. Mapping 

information in al l its forms is in greater demand than ever before 

and is now needed in digital form but the map and chart are still 

often required alongside this. Is this because we humans are just 

complicated electro optical/mechanical analogue devices 

anyway? 

Often topographic and related mapping products are still, in 

essence, two-dimensional portrayals of a three-dimensional 

reality where the topographic (or related information) is set out 

on a planimetric base. Quite cleverly, the often important ground 

height information was also depicted as an elevation attribute by 

means of contours, the interval of which could be selected to 

match the terrain being mapped. However, with the use of 

computer generated models we now have what I would consider 

to be a new end product in the form of a three dimensional model: 

a model whose scale can be changed at will and which can be 

explored and examined from any selected position. To date I 

believe many of its uses have been in the field of engineering 

surveying but it would seem that the full potential of this product 

has yet to be appreciated by many others. 

Over the years, the word ñmappingò as used by surveyors has 

widened considerably beyond the topographic connotation so 

that now any form or shape can be the subject of ñmappingò and 

this form of application is steadily increasing. In addition to such 

terrestrial activities there is also the data provided from satellites 

by remote sensing techniques and this is now another vast source 

of diverse mapping data and perhaps could also be claimed to be 

producing new end products in some cases. 

Technology is a powerful influence on our end products, but it 

is not unique because perhaps more than ever before financial 

forces are now also influencing what will be produced and in what 

form. It seems, that if at all possible, even activities such as 

topographic mapping will be required to pay their way and so 

economic factors of this nature have greatly influenced the work 

and end products of organisations such the Ordnance Survey. 

Market forc es are very real forces in the modem world of 

surveying. 

So far I have commented on end products as seen by the 



customer or user but I think it is also of some interest to consider 

them from the point of view of the field surveyor or cartographer. 

For such persons their ñend productò would be some finite 

operation before the final one. It is here that I believe technology 

has brought about the most dramatic changes. For example, the 

end product of the plane table surveyor of years ago was clearly 

close to that of the final product in every way. On the other hand, 

a surveyor engaged on triangulation would perhaps see his/her 

end product as a set of nicely closing triangles. And another on 

high quality traversing, perhaps in catenary, would regard a 

small misclosure and a set of adjusted coordinates as his end 

product and derive much satisfaction from this. In the drawing 

office also there were many tasks that required great skill and 

dedication to produce an end product that gave satisfaction and 

pride to the cartographer. These are just a few examples selected 

to illustrate the point that so many of these intermediate ñend 

productsò have disappeared under the influence of advancing 

technology. Many here today will acknowledge this I believe with 

some regret, although I hope other skills and sources of 

satisfaction will have appeared to take their place in some cases 

at least. 

In the above I have said little or nothing specifically about the 

end products of engineering or hydrographic surveying but 

many of the points raised above are also valid in these contexts 

and I hope persons with much greater knowledge of these aspects 

of surveying will make their comments. Likewise my comments 

on geodetic work will be also very brief in nature. Here I believe 

the end products are basically what they always were - 

parameters that describe as accurately as possible the size and 

shape of the Earth. But of course the use of extraterrestrial 

signals both from satellites and further afield have greatly 

increased both the accuracy and the complexity of the 

information now available. And it is in this context one could 

perhaps note one further end product of the past that is now 

going into oblivion, the trig pillar and the triangulation network. 



 

Personal Contributions 

THE BEGINNING  

Jouke Alberda 

To start with I offer my cordial congratulations to the RICS 

Geomatics Division on their fiftieth anniversary. Over the 

years I have had many contacts with the RICS, in particular 

with members of what was then the Land Surveying Division, 

and several of these contacts have developed into longstanding 

friendships. I wish the Division a prosperous further life. 

I have a personal 50th anniversary to celebrate as well. On 

12th September 1949 I arrived in Delft to start the study of 

geodesy, which in the Netherlands, as in several other 

countries, comprises land surveying and geodesy, including 

subjects ranging from civil and public law and land 

registration to physical geodesy. I could afford to start this 

academic education because I had got an interest free loan 

from the government some months before when I was 

demobilised after more than four years of army service. The 

outcome of a psychological test had been that I could study 

either chemistry or geodesy. I have never regretted my choice. 

The Delft course in geodetic engineering had been 

established just the year before as a five year course having 

full academic status. Since 1935 there had been a 3l/2 year 

course for land surveyors. This course had a very good level, 

in fact it formed the first 3!/2 years of the new engineering 

curriculum. To this was added half a year of practical work 

with a public or private organisation. For the final year you 

could choose between four different groups of core subjects, 

complemented with optional subjects and the writing of a 

research paper. 

The first two years were heavy, mainly because of the basic 

general mathematics and more specialised subjects such as 

differential geometry, projective geometry and optics. At the 

same time there were less abstract subjects such as law, 

geology and cadastral administration. Lectures on the theory 

of errors and least squares adjustment started in the second 

year. There were only a few introductory lectures on plane 

surveying and the elements of photogram- metry: you just got 

a list of chapters and sections of the textbook you were 

supposed to study. But there were many practical exercises: 

instrument practice, draughtsmanship, simple detail surveys, 

levelling; they were a bit of relief between all the theory. 

Besides, there was a summer camp where tacheometric 

mapping was practised. In the third year you came into the 

thick of surveying and geodesy: photogrammetry, more 

adjustment and error theory, map projections, computations 

on the ellipsoid, more law, land consolidation etc. 

Although the theoretical part of the curriculum was 

extensive and provided a sound base for further develop- 

 

More than ñA capable outdoor sort of fellow. ò Jouke Alberda on triangulation 

in Sognefjell, Norway, October 1954. 

ment, the methods you learned necessarily reflected current 

practice. For computations this meant that students used 

mechanical machines of the Brunsviga type, of course in 

combination with a six-place table of the natural values of the 

trigonometrical functions. There were one or two Marchant 

electromechanical machines for the staff. One exercise had to 

be computed with logarithms. We used preprinted computing 

schemes from the Cadastre for all standard computations such 

as traverse, resection, coordinate transformations etc. 

A general characteristic of the time was that much effort 

and great ingenuity was applied to reduce or simplify 

numerical calculation when possible. Apart from the general 

application of the approximate adjustment of small 

triangulations and traverses, this led to graphical methods of 

adjustment and to many nomograms for ancillary 

computations. In fact in our first year we learned to design 

nomograms and had to construct three of them. I remember 

one for the effective range of the light of a lighthouse as a 

function of its height. In sharp contrast to the tendency to 

replace computation by graphical methods, we have in recent 

decades seen that more and more graphical products and 

methods have been digitised. 

In my opinion there is at least one quality that was 

developed by those now obsolete methods, namely numeracy 

- a good sense of numbers, including the ability to do mental 

arithmetic. I am not saying that it cannot be developed in 

conjunction with modem methods of automated computation, 

it certainly is as necessary as ever. But some time ago 



I saw a team of new students doing levelling practice. I was 

appalled to see that the young man noting down the readings used 

a pocket calculator to check whether the average of the upper and 

lower wire readings was close enough to the middle reading. 

In the summer of 1952 I had to do two months of practice and 

through the international exchange organisation got a place with 

a small private surveying firm in Norway. The boss was a civil 

engineer who had much experience in surveying for hydroelectric 

projects. He was very friendly and generous and spoke fluent 

English. He had a good sense of humour; we got along very well. 

The work was mainly triangulation including trigonometrical 

levelling, at first for a planning map for a small town, later for 

two hydroelectric projects, both in the rough mountainous fjord 

region of Western Norway. What I knew about surveying was 

adequate; after more routine I was observing quickly. 

Computations and some map drawing were no problem. It was 

a great experience, with long walks in the rough beauty of the 

mountains. Frequently rain stopped our work but gave us time 

for trout fishing. The boss asked me if I would like to work in his 

firm after I graduated, and I said I would. In March of the next 

year the half year practice period started. With three fellow 

students I went to the Isle of Terschelling, one of the islands 

strung along the north coast of our country. The work was large 

scale mapping for the national forestry service and the 

measurement of an experimental long traverse by the method 

devised by the Russian Danilov. The sides were measured by 

establishing an invar base roughly in the middle and extending it 

with narrow triangles, just as in a baseline extension network. We 

had a complete set of Watts invar base equipment. It was clearly 

a few years before the advent of EDM! The traverse was about 16 

km long and ran across the entirely uninhabited eastern part of 

the island, populated by thousands of birds of many kinds. It was 

the nesting season, the area was closed to tourists. The end station 

was a lighthouse on the next island. Again an interesting four 

month period; the most memorable event on the island for me was 

that I met the one who one year later became, and still is, my wife. 

Two of our team came with me to Norway for another two 

month period of practice with the firm where I had been before. 

The work was mainly a large triangulation for a hydroelectric 

project in the west, including the adjustment and further 

computations which we did in the office in Oslo. 

I graduated in June 1954 and married the day after. My 

supervisor, Professor Baarda, offered me a job on the staff of the 

geodesy department, but I had promised to go to Norway and 

judged that I wanted real practice before starting a career in 

research and teaching, which nevertheless attracted me. My wife 

and I had an unforgettable time in Norway, although it was not 

always easy. The housing situation was especially very difficult. 

We had learned the language. I liked the work in Norway which 

often had to do with projects I had worked on before. They were 

now under construction so that tunnel control was a new activity. 

I had a letter from Professor Baarda who asked me again to 

come and work in his group, adding that houses were being built 

for the university staff. Shortly after our daughter was bom we 

moved back to our country, where I started work at the 

department of geodesy on 1st September 1955. I retired on 1st 

September 1988. 

To quote from the Report on the History and Status of 

Surveying in the USA by George Bestor at the FIG Congress in 

Delft 1958: 

ñI seriously fear that the frontier surveyor, so necessary a 

person to the growth of our country, gave the general public a 

lasting impression of the surveyor as a capable, outdoor sort of 

fellow, slightly higher in the social scale and in education level 

than a plumber or carpenter, but definitely something less than 

a professional man or scientist.ò 

This impression is understandable, also in other countries, 

when you see such a capable outdoor sort of fellow. But well - 

what is an impression worth? 



HOLLWEYôS ACADEMY, 

1960 TO 1970 

Arthur Allan  

I first met John Hollwey at the Commonwealth Survey 

Officers Conference in 1959, and on hearing I was looking for 

a job, he invited me to apply for a newly created post at the 

South West Essex Technical College, later to be affectionately 

known in land surveying circles, because of many name 

changes, as ñHollweyôs Academyò. The new post was created 

to provide teaching for the RICS final examination in geodesy. 

I joined the staff in January 1960, to be given a heavy teaching 

load of 23 hours per week in which I had to teach A-level 

applied maths for RICS first examination, map reading to 

quantity surveyors, cartography and topographical surveying 

for the RICS intermediate examination, geometrical geodesy 

for RICS finals, and mathematics to City and Guilds students 

of woodwork. The surveying section was staffed by John R 

Hollwey, Zenon M Michalski, W Kenneth Kilford, George 

Harrison and H J Jones, with assistance from John H B 

Maynes (civil engineering), and Norman M Abbey and Fred 

Taylor (land law). Further support was given by Mrs Church, 

Mrs Hollwey and later John J Loader (all maths), Geoffrey 

Fisher (physics) and Bob Smith was a valuable fixer and store- 

man. The land surveying section formed part of the large 

Department of Architecture and Building, headed by Fred J 

Batson a mechanical engineer. The department ran 

professional courses in civil and structural engineering, 

general practice and quantity surveying, architecture, craft 

courses in building, woodworking etc: a veritable gallimaufry 

of subjects and academic levels. 

Having evolved from technical school to technical college 

in 1938, the college, ably led by Dr Lowry, was going through 

a troublesome metamorphosis to polytechnic status: from a 

tightly controlled administration under the control of Essex 

County Council to a self governing body. Few internal awards 

were made. Most students were examined by external bodies, 

City and Guilds, professional institutions such as the RIBA 

and the RICS, and for two external degrees of the University 

of London; although there were some notable exceptions in 

the case of HNC and civil engineering students examined 

internally with external moderation. 

The land surveying course was of five yearsô duration. The 

first two years brought studies to A-level standard in pure and 

applied maths and physics, together with examinations in 

drawing, map reading, and chain surveying and levelling, all 

examined externally by the RICS. After two further years, 

students sat for the RICS intermediate examination in 

topographical surveying, computations, land registration, and 

engineering surveying, and had in addition to submit as course 

work an estate survey and a plane table survey, again to be 

examined externally. To those who have never experienced it, 

teaching to an external syllabus 

 

Dressed for the field, Somerset, 1962. Okuwah (Nigeria, left) and George 

Bakibinga (Uganda, right). 

examined by persons unknown to teacher or examinee was a 

nightmare of guesswork and frustration. To be fair to the 

RICS, as I subsequently came to realise being party to the 

RICS examinations from the inside, painstaking efforts were 

made to set fair standards both in the questions posed and in 

marking. 

John Hollwey (ex Gold Coast Survey Department) 

introduced field courses held away from Walthamstow, in 

Somerset - his home county. Each year there would be a battle 

with Essex County Council to obtain the necessary funds to 

pay for staff subsistence. In these battles John showed the 

typical aggression needed of a rugger hooker, which was his 

favourite position, often reducing pay clerks to tears before the 

cash was forthcoming. In fact the whole effort to drag the 

college from a school to university mentality was a war of 

constant attrition. Pantographs were set up in corridors to 

demonstrate the need for a cartographic laboratory, hand 

calculators were noisily ground away in a communal staff 

room to secure our own staff accommodation, the librarian 

Miss V. L. Jenkins aided and abetted to secure the necessary 

journals and sets of reference and textbooks, and the head of 

department and instrument manufacturers colluded at many 

subterfuges to evade the stranglehold of the customary annual 

round of expenditure. Heady times these were, but quite 

debilitating! 

After a period of agonising growth and a staff turnover 

showing appearances by Keith Kear, Mike Barrett and Alan 

Haugh, the academic staff was augmented by the arrival of 

Cliff Burnside, Greg Cole, Barry Gorham and Alan Ingham. 

Ken Borley took over the stores from Bob Smith. Fred Batson 

then had to deal (I must say success 



fully) with a dedicated bunch of assertive individuals, whose 

main purpose was to raise the course to the highest possible 

standards and develop some measure of innovation and 

creativity. On the academic side, all staff had had a survey 

education which was limited to the very specific applications 

in colonial surveying or in the Ordnance Survey, with the 

crucial exception of ñMickò Michalski, who was steeped in 

the wisdom of the tomes of Jordanôs ñHand- buch der 

Vemessungskundeò and many others. For the British-educated 

staff to break through their own academic ceiling was no mean 

task, and without the stimulus, encouragement and downright 

aggressive criticism of ñMickò, it would probably not have 

taken place. By the time the college came to present a case to 

the Council for National Academic Awards for its degree 

course, all the hard thinking had been done, the course units 

were in place and the justification could be argued with a 

cogency and enthusiasm that was bound to succeed. So the 

CNNA degree in land surveying sciences came into being in 

1969. 

It was a curiously awesome experience to nurse the first 

ever degree students through their course. It must have been 

an equally strange feeling for the students themselves, who 

realised that they were making history. As a staff member I 

cannot thank them too much for the way they accepted the 

challenge to see that their opportunity was not wasted. It 

would be invidious to mention names - many are now well 

known in the survey profession and speak for themselves. 

From the staff end, as members of the interim academic board, 

we went through endless discussions preparing the way for 

proper polytechnic institutions with sensible staffing links 

with appropriate universities, where the main research would 

be done. All of this effort was thrown on the altar pyre of 

personal ambition by the first Director of the Polytechnic and 

a wonderful opportunity to establish a financially viable 

cooperative dichotomy in higher education was missed. 

 

Priddy adders at work, Somerset, 1962. I to r: Mike Rice, Dave Watson, Dominic Moss, Jan Karalus 



SURVIVING THE COUPS 

Malcolm Anderson 

A succession of military coups and unrest among the people 

brought an end to Nigeriaôs brief flirtation with parliamentary 

democracy. The Northern Nigerian Survey, which had already 

been weakened by the departure of most of its expatriate 

surveyors was, in September 1966, struck a mortal blow by the 

exodus of many indigenous members of staff. As a result, less 

than a year after I took over the topographic mapping section 

from the departing Cliff Burnside, it went abruptly into terminal 

decline. 

Survival in Northern Nigeria in the 1950s and early 1960s had 

meant little more than making sure my bed roll and Shortrede 

tables arrived safely at the next camp site. Suddenly, with rioting 

on the streets, survival took on a new meaning. In 1967 I moved 

to the minesfield cadastral section on the Jos plateau where our 

tertiary trig beacons, constructed as resection targets, stood on 

the hills like solemn white madonnas, more conspicuously than 

any OS trig pillar ever did. Perhaps the greatest risk to their 

survival, and mine, was that the area had the second highest 

incidence of lightning strikes in the world. 

The Survey office was adjacent to a fuel storage depot, a 

possible target for Biafran air raids. As if to prove it, three 

audacious mercenaries on a reconnaissance mission landed their 

plane at the airfield one day, drank beer at the club, and flew off 

again, apparently unchallenged. Soon afterwards there was an 

enormous bang, a blinding flash of light, and all the telephones 

rang simultaneously. The office had been struck by lightning. 

When Northern Nigeria ceased to exist as a political entity in 

1968 and was divided into six new states, the future of survey 

looked uncertain. Staff were transferred according to their 

birthplaces, and records and equipment shared. There was a 

great shortage of senior people, and expatriates, charged with the 

statutory responsibilities which the title óSurveyor-Generalô 

conferred, were asked to set up and oversee the new survey 

departments. After arranging the subdivision of the minesfield 

cadastre I was posted to such a position at Bauchi in the vast 

North-Eastern State where I headed a slowly expanding and very 

busy unit over the next 8 years. 

Nigeriaôs oil revenues provided funding for development and I 

was soon faced with a huge cadastral programme together with 

work on administrative boundaries, township control networks, 

control and field completion for aerial mapping, State thematic 

mapping, town planning, assistance with the US 12th parallel 

survey and the provision of control and map information for all 

government departments, developers and the public. I appointed 

several well known British and Canadian companies for aerial 

photographic, mapping and town planning work and DOS teams 

were at work on medium scales topographic mapping. 

Few local people with the requisite educational qualifications 

showed interest in taking up surveying as a career, 

but I managed to recruit a few contract surveyors and overseas 

volunteers. However, one ñqualifiedò planner sent to me 

unannounced from an Asian country never quite grasped the 

concept of contours and habitually tried to absolve himself from 

the engineering problems which his designs were apt to create! 

Unpredictable events sometimes made life interesting; for 

example, when townsfolk, aided by policemen, made off with the 

remnants of my office roof after a storm, leaving precious 

cadastral records exposed to the elements; when termites 

tunnelled their nocturnal way through my map stocks; when a 

monkey climbed through my office window and attempted to 

purloin my Hewlett -Packard calculator; and when a Bilby tower 

was pulled over by the US 12th parallel team hoisting 

components using a powerful truck instead of manpower. 

On other occasions my map stocks were suddenly declared 

classified documents and requisitioned for military exercises; at 

a military road block an ex-survey labourer, proudly wearing his 

battledress, recognised me, threw a smart salute, and shouted for 

the barrier to be opened to let the ñGeneralò through; the army 

commandeered survey vehicles for ñemergencyò use, which 

transpired to be journeys to country markets for domestic food 

and firewood supplies, picking up fare-paying passengers en 

route; bush survival techniques were necessary when fuel 

supplies, and electricity, water and telephone services failed; a 

change of military regime meant replacing the mandatory 

pictures on the office walls and hastily departing on tour when a 

black- edged card arrived on my desk inviting me to witness an 

execution by military firing squad; and having to explain why I 

had acted in land acquisition and survey matters on behalf of a 

now discredited administration. 

In 1976, after more upheaval, the North-Eastern State was in 

turn abolished and I moved to Bomo, one of the three new States 

which replaced it. The dispiriting task of apportionment of staff, 

records and equipment was repeated, this time with such avarice 

that in the quest for spoils one obsequious individual held that 

coveted items of survey equipment be broken into three parts of 

equal weight, and my reasoned solution for dealing with rights 

overlapping inter-state boundaries was met with arrogant 

intolerance. I was detained on military instruction and my 

passport was confiscated. 

One of the qualities of the statutory cadastral system, 

incorporating rigidly controlled survey and accurately charted 

plans, was that it provided the security required for development 

loans from the banks. But, due to staffing shortages and frequent 

changes of priority, a huge backlog of work had developed. My 

proposal to speed up the grant of title by the use of aerial survey 

was regarded by a newly empowered society (which lacked 

understanding of even the simplest methods of surveying and had 

no notion of the surveyorôs ideals and motivation) as a confusing 

technical attempt to perpetrate a cadastral system which was 

running into disfavour. A simpler means of acquiring secure 

rights in land was needed, something more akin to established 

local authority and customary systems, which could be 



manipulated to personal advantage if desired, and which did not 

depend upon survey plans. Very senior people and lands staff 

began bending the rules of land administration and, with the aid 

of ñmoonlightingò junior surveyors, engaged in malpractices 

which threatened the probity and accuracy of the statutory 

system. 

Adherence to the letter of the law had landed me in hot water 

several times so, with the future likelihood of more coups, more 

new States and the erosion of the system I was employed to 

maintain, I decided to look to my own survival and my future 

career. When the opportunity came to return to England in 1977 

as Chief Land Surveyor with the Milton Keynes Development 

Corporation I did not hesitate. Ironically, one of my first tasks 

upon arrival was to examine, on behalf of our engineers and 

planners, a recently arrived consignment of familiar looking 

large scale maps of African bush country. I declined to join the 

Milton Keynes team which had been contracted to go out to 

design the first phase of Nigeriaôs new capital city, Abuja. (See 

also colour page 20) 

THE NANDI TOWER  
Bill Barnes 

In January 1955 I had been employed as a Staff Surveyor by the 

Survey of Kenya for all of 3 months. For most of that time I had 

been engaged on preliminary checking of cadastral plans. I had 

learned how to say ñpleaseò, ñthank youò, ñhelloò and ñgoodbyeò 

in Swahili and the previous year I had completed the 9 month 

Land Surveying Diploma Course at University College London. 

Apparently, in the eyes of the Director of Surveys Jim Butler, I 

was ready for some serious survey work. He evidently believed 

that I, with such a wealth of experience, could lead a party of 

surveyors to undertake the recce, pillar construction and 

observations of the primary triangulation of north Nyanza, 

making connections to several trig points near the Uganda border 

which had recently been coordinated by the Directorate of 

Overseas Surveys. Fortunately, included in my party were Laurie 

Bamford, John Caukwell, Derek Pavely, John Hobson, Steve 

Lowsley, Ian White and Bernard Blowers, all of whom could 

speak fluent Swahili and most of whom were well experienced in 

bush life and a great deal more knowledgeable as regards 

surveying than I. ñIt should only take you a couple of monthsò 

said Jim Butler, ñyouôll be back in Nairobi before March or 

April.ò He was right. We returned to Nairobi in March 1956, 

fourteen months later! 

The reason for this extended safari was largely due to the 

weather. Those familiar with northwest Kenya will know the 

conditions that prevail during the rainy season: murram roads 

(no tarmac in Nyanza in those days) become quagmires; high 

humidity and low cloud make visibility during the day difficult; 

primary observing to lights during the hours of darkness is 

virtually impossible. To help fill in the time we were subsequently 

directed to recce, monument and complete the observations of the 

secondary trig breakdown of our primary scheme, to construct 

and fix by intersection a suitable signal on the summit of Mount 

Elgon and, just for good measure, to provide photo control for a 

couple of settlement schemes at the foot of Mount Elgon. 

When going on safari, one visited field headquarters to acquire 

transport, equipment and porters. Little did I know that we were 

the last of several such groups being made ready for safari and, 

as a consequence, we were left with the dregs - that is, the dregs 

of the transport and some of the equipment. Our Land Rovers 

and truck were, on the whole, knackered. Some of the tents were 

far from waterproof and few outers fitted the accompanying 

inners. Camp tables, chairs and beds seemed to have minds 

(usually evil) of their own and were generally inclined to a state 

of collapse whenever humans went anywhere near them. 

However, on the bright side, the items of technical kit - 

theodolites, levels, etc. were in good order, particularly the Wild 

T3, that beautiful theodolite with which we were to carry out the 

primary observations. But more of that later. Still 



 

Intersected signal on the summit of Mount Elgon, Kenya, 1955. Tony Talbot 

(Agricultural Officer) standing left, Bill Barnes standing right. 

on the bright side, we were also allocated a great group of 

porters including two splendid headmen. Although, on 

occasion, they had every right to protest, particularly when 

salaries were late in arriving, or when the rain poured in 

through their flimsy tents, or when yet again they were 

instructed to manhandle more signal-making tree trunks or 

loads of sand and cement or jerry-cans of water up yet another 

enormous ñhillò, there were very few complaints. 

One such hill formed part of the Nandi escarpment and on 

its boulder-strewn summit it had been decided to establish a 

primary triangulation point, the central point of a classical 

centre-point polygon. One of the rays from this point passed 

westward across the ridge of the escarpment to another 

primary point, Mwibale, some 2030 miles away. From the 

recce it was obvious that this ray was obstructed by trees in the 

Nandi Forest atop the ridge. ñNot to worry, weôll build a Bilby 

Towerò said I. Observations to calculate the required height of 

tower to clear the forest were duly carried out (taking care to 

make the necessary corrections for earth curvature and 

atmospheric refraction) and the results checked and rechecked. 

We needed a 60ft tower. The request was transmitted to 

Nairobi HQ and eventually a truck arrived with the 

components and construction plans of the tower. 

According to John Loxton, Assistant Director (Field), it was 

possible to erect the tower in a day - that is, on the flat lawn in 

front of Field HQ, with forgiving earth and with people who 

knew exactly what they were doing. At Nandi the site was 

horrendous to say the least. The boulders sur 

rounding the pillar were enormous. It soon became evident 

that the anchors of the upright supports of the inner and outer 

tower would require concrete footings several feet deep as 

opposed to the 6 or 7 inches as recommended on the design 

drawings. As to construction know-how, neither I nor my 

observing partner, Bernard Blowers, had ever built anything 

more complex than a crane from a Meccano set (though 

Bernard was a genius with a faulty car engine). However, the 

footings were duly constructed and work started on the 

erection of the steelwork. 

Now I should say that I never have had a head for heights 

and I was therefore full of admiration for Bernard who 

appeared to be totally devoid of nerves when suspended on 

high. It was he who clambered and swung up the supports and 

struts of the rising tower emulating the Colobus monkeys in 

the nearby forest. It was he who very nearly came to an 

untimely end when forgetting to use the safety rope and falling 

a couple of sections between the inner and outer towers from 

about 40ft before managing to cling on to one of the supports. 

It was he who completed the tower and who coaxed me to the 

top one starlit, windless night only to find, when observing, 

that the topmost branch of an unidentifiable tree in the forest 

was still obstructing Mwibale! Frustratingly, the Mwibale 

light could be clearly seen, but due to the single offending 

branch the light was totally diffused. Imagine the scenario: 

indigenous rain forest stretching over undulating ground from 

a point a few hundred yards from the pillar to the crest of the 

escarpment a mile or so away. How do we locate the tree? 

Compass traverse, rope and whistle, smoke signals, poles 

fitted with coloured bunting we tried everything, but that 

cursed branch remained stubbornly fixed in the theodoliteôs 

field of view following each attempt. 

I should emphasise that this indigenous forest contained 

some very large and very valuable trees. Cedar, podo, elgon 

and olive were recognisable, but there were many other 

equally exotic specimens with which we were unfamiliar. 

Sadly, recognisable or not, many of these forest giants were 

sacrificed in the name of progress as Bernard and a couple of 

the more agile porters were let loose in the forest canopy with 

axe and panga. Despite lengthy discussions and explanations, 

the local Forest Officer, who could not be convinced of the 

need for this sylvan mayhem, promptly lodged a formal 

complaint, together with a sizeable invoice, to Survey HQ. 

At this late stage, and by now grasping at straws, it was 

thought that perhaps the problem could be solved by 

increasing the height of the instrument by a small amount. The 

instrument tripod was therefore lashed fast to the observing 

platform and the instrument secured to the tripod and centred 

over the ground pillar. That night, glory be, standing on a beer 

bottle crate to view through the elevated instrument, I had my 

first unobstructed view of the Mwibale light. 

At this point I should explain the design and structure of our 

tower. There were in fact two square-section towers, each 

guyed independently by wires to ground anchors. The inner 

tower supported the instrument platform plumbed 



 

The Nandi tower, Kenya, 1955. Founded on boulders. 

over the ground pillar. It was totally independent from the 

outer tower which gave access to the observing platform by 

means of vertical ladders and metal grid catwalks provided for 

each vertical section. Each vertical section was some 10ft high 

with single safety rails provided for the cat- walks but not for 

the ladders. Recognising the possible dangers of climbing this 

structure in the dark, with T3 theodolite, field book, lantern, a 

flask of coffee and blankets (it could get extremely cold at 

night in Nandi especially if the wind was blowing), we had 

devised a routine for ascending and descending the tower. 

Bernard, with lantern, blanket, field book and flask would 

ascend the first 10ft ladder. I would then do likewise, passing 

the theodolite through the hole in the catwalk to Bernard who 

would then move along the catwalk to the foot of the ladder of 

the second section. There he would wait with theodolite secure 

until I reached him with the other bits and pieces and took 

charge of the instrument. He would then ascend the second 

ladder and wait on the second catwalk until I had followed and 

passed the theodolite to him through the catwalk hole. This 

process was repeated up the six vertical sections of the tower 

and then reversed on descent. This procedure appeared to work 

admirably and the observations went on apace. However, due 

to the number of stations to be observed from the tower, the 

long observing distances involved, the unstable weather, and 

the fickleness of some of the light units at the distant stations, 

it took six weeks to complete the observations. 

One night, about three weeks into the observations, a 

particularly strong wind was blowing from the west wreathing 

the tower in swirling, wispy cloud. Our ascent routine was 

progressing satisfactorily until section 4 was reached. Bernard, 

as usual, had moved along the catwalk with theodolite and 

blanket and I was now climbing the section 3 ladder. For some 

unaccountable reason he had then placed the theodolite on 

what he thought was the cat 

walk and began to climb the next ladder. Unknown to him he 

had placed the instrument on one comer of his trailing blanket 

and as I appeared through the hole of the catwalk, to my 

horror, I saw his blanket being pulled from under the 

theodolite as he started to climb. Too late! As I bellowed a 

warning, the T3 tilted and, as in slow motion, disappeared over 

the edge of the catwalk. We stood numbed, totally transfixed 

for what seemed an eternity before we heard the sickening 

sound of the impact on the rocks 40ft below. Bernardôs first 

printable words were ñWell, there goes my career with the 

Survey of Kenya!ò 

We descended the tower, located the instrument amongst 

the boulders and proceeded to my tent near the foot of the 

tower to inspect the damage. In the tent my wife Marjorie, 

recently arrived from the UK, had heard the impact and had 

instantly thought that one of us had come off the tower. Great 

was her relief when she learned that the ñonlyò damage was 

that sustained by the T3. The upper part of the protective 

carrying case was badly dented and there was a distinct smell 

of spirit emanating from within. Surprisingly, however, on 

releasing the securing hooks, the cover came away effortlessly 

and our hopes rose. Both bubbles had shattered but they could 

be easily replaced. Our hopes mounted. The horizontal motion 

was tested. Smooth as silk. Our hopes increased. The telescope 

was transited or, should I say, an attempt was made to transit 

the telescope producing an ominous grating, crunching, 

grinding noise. Our hopes were dashed! 

The matter was reported to HQ. I was briefly recalled to 

Nairobi for an enquiry, received a bit of a roasting and some 

learned advice from my superiors, and within a short time was 

back at the tower with a replacement T3 to complete the 

programme, but with a changed routine. Henceforth, the 

instrument, strapped in a harness, was hauled up or lowered 

down the tower using three independently secured ropes each 

capable of taking the weight of 50 T3s in freefall! Overkill 

maybe, but destroying one T3 is enough in the life of any 

surveyor and we were taking no chances with the second. 

The Nandi Tower observations were duly completed and I 

can only assume that they were acceptable. Our reduced 

angles were certainly within acceptable tolerances but we 

were not responsible for the adjustment computations they 

were left to the computing boffins in Nairobi or DOS. 

Presumably they met the requirements, otherwise I most 

certainly would have heard about it. 

Today, with the almost universal use of GPS for the 

provision of geodetic control, most of the trigonometric 

monuments of national frameworks have become redundant. 

Apparently, one can now apply to the Ordnance Survey to 

adopt (and presumably maintain) any trig pillar that takes 

oneôs fancy. If the same policy now applies in Kenya and I 

was still resident in that country, I would certainly seriously 

consider the adoption of that Nandi primary trig point even 

without its tower! 



NEW LAMPS FOR OLD  

Derick Bell 

In March 1957 a strange beast crawled slowly for thirteen 

miles across the African scrub around Isiolo. The backbone 

consisted of two 100ft invar tapes constantly switching from 

carrying poles to measuring tripods and held in free catenary 

by heavy weights. The skin was formed by 120ft x 7ft of 

hessian, supported every ten feet by a labourer with a 6ft pole, 

which crawled forward in strict time with the tapes. The 

antennae were clearing and aligning parties establishing 

forward tripods at carefully sited 100ft intervals; the tail, a 

levelling party establishing tripod head heights before the 

tripods were rushed ahead to feed the voracious aligners. The 

nervous system constantly measured the temperature using 

three invar clad thermometers on forked sticks while reading 

tape graduations on the microscope heads of the tripods. 

Spending a month at either end of a 100ft tape trying to 

simultaneously read magnified graduations to an estimated 

0.00001 of a foot every 40 seconds tends to create a very 

nervous system. 

The beast moved forward in 100ft steps and covered an 

average of a mile a day. On reaching one end it turned tail and 

retraced its path solely to see how far it had gone. The finally-

corrected back and forth measures agreed to one part in 1.5 

million. The measurement took from 8th March to 8th April 

in 1957 and provided full-time employment for three D.O.S. 

surveyors (the present author, George Godon and Capt. Alan 

Jauncey R.E.), a staff surveyor (Mike Barrett), two cadets of 

the Survey of Kenya and over 60 local headmen and labourers 

all under the guidance of Principal Surveyor Poitr Kozlowski. 

All were housed in a comfort- 

 

Measurement of the Isiolo base, Kenya, 1957. The base camp. 

able tented base camp in the bush where a succession of 

eminent and interested visitors were entertained. 

In July 1957 I returned to measure the same base in a matter 

of minutes as part of the first serious use of the Tel- lurometer. 

The remeasurement was the first leg of the 400 mile 

Tellurometer tower traverse from Isiolo via Garissa and 

Garsen to the coast at Malindi. This also took a single month 

and a similar work force deployed on measuring, lightkeeping, 

building towers etc. but, by the nature of the task, it meant 

spending every night in a lonely bivouac or Wimpey tent at a 

different point on the roadside a much less comfortable 

existence. 

The Tellurometer measure of the base agreed with the, 

ground measure within 3 inches in 13 miles or one part in 

280,000. It was happily accepted, the MRA 1 Tellurometer 

became the first of a new generation and the Macca Base 

Equipment passed quietly into history. Life was never to be so 

leisurely (or so monotonous) again. 

 

Measurement of the Isiolo base, Kenya, 1957. Surveyors (l to r): J. Vaughan; George Godon; Mike Barrett; Piotr Kozlowski (in charge); 

Derick Bell; and R. Holloway. 
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Appendix E 

Personne11 and Duties  

P^M.Kozlowski -  0 i/c -  admin* and 

general assistance where needed  

© © © 
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Aligning Party Z*J ǅGodon J ǅVaughan  

Headman III & lab* for rough tape 

4 labs* -  emplacing tripods 

Measuring Party J.F.Bell 

M*M*Barrett R*Holloway  

2 Headmen II -  weight carriers  

2 Lab*I -  trestle bearers  

3 Lab*II ð thermometer boys 2x3 

Lab*I -  tape carrying teams  

(S) Headman II ð i/c windshield ©

 13 Lab*II -  windshield supports  

Levelling Party  

(j) Capt.A*Jaimcey R*E*  

Å Lab*II -  umbrella boy © 

2 Lab.I -  staff boya 

General  

(5) Headman III l/c  

O 8 Lab*II ð tripod boys(each  

having his own tripod)  

(C) 2 Lab*II ð water boys  

© Cookboy -  Surveyors' boys took  

this duty in turn  

Base Camp  

Storeman  

Headman III i/c  

4 Lab*II -  camp duties  

© 
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In addition a general float of 

some half a dozen boys to cover 

incidental casualities, sickness, 

discharges etc*  
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Measurement of the Isiolo base, Kenya, 1957. Diagram showing the disposition of the measuring party. 



 

 

Young Kadara porters on trek from Libene. Northern Nigeria, 1963. 

(Malcolm Anderson) 

 

New Providence Island, Bahamas, September 1963. David Broome, chainman 

and Tellurometer MRA2. (David Broome) 

 

A crumpled Bilby tower near Damaturu. Northern Nigeria, 1969. (Malcolm Anderson) 



MAPPING SOUTH GEORGIA  

1955 - 56 
Tony Bomford 

On 10 February 1955 I was surveying in the Usambara 

mountains of what was then Tanganyika, under the benign 

control of Chris Bere, many hundreds of miles away in Dar es 

Salaam. A letter from John Rawlence, one of my avuncular 

minders at the War Office, arrived by runner from the Lushoto 

post office. Duncan Carse had met the Director of Military 

Survey at a cocktail party, and persuaded him of the benefit to 

both parties that would result from seconding a military 

surveyor to finish off the map of South Georgia. Duncan had 

already led two privately financed expeditions to survey the 

island, with varying success; but he knew what he needed to 

finish the job: two competent surveyors and six experienced 

mountaineers. I was asked if I would like to go, and replied by 

telegram. 

So on 25 August after acquiring instruments & stores in 

England, eight of us sailed from South Shields on board a 

whaling transport. The second surveyor was Stan Paterson, a 

statistician by profession who had carried a height traverse 

across Greenland on Simpsonôs expedition, and could handle 

a theodolite and calculating machine with equal facility. He 

was a competent mountaineer, and so were all the others 

except Duncan. We arrived off South Georgia in a rose-pink 

dawn on 25 September. The main island is about 120 miles 

long, seldom as much as 20 miles wide, with a deeply indented 

coast. Mt Paget rises to 9625 ft and twenty-three peaks exceed 

6000 ft. About two thirds of the island is covered in ice and 

many glaciers flow into the sea. The weather is bad: the 

summer temperature is usually between -5°C & +5°C, not cold 

by polar standards, but often wet and unpleasant. Mists and 

high winds predominate. Nobody has ever lived there 

permanently, but three companies had whaling stations on the 

north coast, and the summer population rose to 2,000, of whom 

about six might be women. The annual catch was worth about 

three million pounds sterling. The surrounding seas were full 

of hazards, and four ships had been lost or badly damaged 

since the second World War. The interior of the island was 

uninhabitable and deserted. 

On his two previous trips, Duncan had learned how to live, 

travel and work in the interior. We man-hauled three sledges, 

lived in small two man tents, and on our first journey were in 

the field for sixty days, completely self-contained. We seldom 

had to backpack, but could carry our sledges and surmount 

rugged country. By the end of March, we had spent 140 days 

in the field: surveying had been possible on 31 days; we were 

able to travel on another 49; and on 60 the weather had 

confined us to our tents. 

I was entirely clear as to our task: not to survey more of 

South Georgia to some preconceived standard of accuracy, but 

to complete a map of the island at 1:100,000 as best we could 

in the time available. Triangulation was not a severe 

 

Members of the 1995-96 South Georgia Survey; at the head of the Konig glacier 

above Husvig whaling station on 30 November 1955, the 59th day of the first 60-

day sledge journey. 

L to r: Tom Price, b.1919 (mountaineer); Louis Baume, 1919-1993 (mountaineer); 

Keith War bur ton, 1930-1959 (2i/c, mountaineer, doctor); George Spenceley, 

b.1922 (photographer, mountaineer); Tony Bomford, b.1927 (1st Surveyor); John 

Cunningham, 1931-1980 (mountaineer); Duncan Carse, b.1913 (leader); Stan 

Paterson b.1924 (2nd Surveyor). 

problem. Time was the enemy. Our mountaineering skills went 

into choosing triangulation stations that could be climbed 

rapidly, and in getting safely back to camp, often in mist. A 

survey party consisted of three men, and a full set of 

observations required three hours of intense work, during 

which they had to keep warm and in their right minds. There 

was no question of building cairns on unoccupied summits, but 

many of the peaks were sharp and made fair targets in a 

theodolite. On an exploratory survey at 1:100,000 an error in 

position of 10 m is trivial, but the scale error in a line joining 

two such points 10 km apart is 1:1000 and the azimuth error 3 

minutes; and unless controlled these errors mount rapidly. 

Instead of measuring just one or two baselines and astro 

azimuths with extreme accuracy, by the end of the season the 

240 trig points (88 occupied) on South Georgia were 

controlled by 8 taped baselines and 18 sun azimuths with 

accuracy sufficient for our purpose. We observed astro fixes 

whenever the skies were clear, but in 1955 - 56 this occurred 

on only six nights. 

The problem of recording the topography had not been 

resolved satisfactorily on Duncanôs previous trips. We had no 

air photographs: there was no aircraft, no airfield, and no 

money. Plane tabling was too slow if not impossible. 

Haphazard ground photographs are difficult to compile into a 

map, and photos are no use until one has access to a dark room. 

A photo-theodolite had been tried in 1951, but the photos 

turned out badly and the angles proved inadequate. A rapid, 

comprehensible and permanent method was still required. We 

took hand-held panoramic photographs covering the full 

horizon at every survey station, and while the observer and 

booker were recording angles the third man drew an accurate 

and detailed panorama on squared 



 

Tony Bomford with the theodolite and Louis Baume with the tripod coming down from ñIcing Westò (4792 ft) on 14 February 1956. Mount Paget (9625ft) at top right. 

paper with the help of a prismatic compass. The theodolite 

was always set in the magnetic meridian, and when the main 

angles were finished, the drawn panorama was flooded with 

as many angles as time and the weather permitted, recorded 

direct on the squared paper. The panorama also indicated, 

with their temporary names, the distant trig points to which 

the surveyor had observed. The weather usually prevented us 

getting all we wanted at a station. 

We carried a Favag handcranked calculating machine, 

natural trigonometrical tables and a sliderule with us in the 

field, and computed and plotted the triangulation when 

confined to our tents. In a better climate we would have had 

more time for observing and less for computing, but there are 

many advantages in computing and drawing as promptly as 

possible. Difficulties frequently arose; but with the work fresh 

in the surveyorsô minds, they could nearly always be resolved 

at once from memory. Six months later and 6,000 miles away 

that might not have been so. 

On the same principle, as soon as we were back at base, the 

panorama photos were developed and printed, the calculations 

were completed, and a map of the area just surveyed was 

drawn. We drew at 1:100,000 with 500 foot contours. This 

may seem a large interval for the scale, but the island is so 

mountainous that except for some low areas near the coast this 

interval gives a fair picture of the terrain. After our first 

journey, a draft map was ready for printing six days after our 

return to base. A map of the western end 

of the island was ready before we left on our third journey; 

and when we arrived back in England, draft maps had been 

drawn of all the areas surveyed. They were later to be 

improved, but we thus insured against the lost of our records, 

and against their unintelligibility. 

There were other benefits. We had something to give the 

whalers, which persuaded them that their kindness and 

assistance to us had not been given in vain. The draft maps 

also helped Duncanôs financial situation: the expedition was 

undertaken without public funding, solely on the money 

Duncan could raise (£4,500) and he returned with something 

to show for it. 

Lying up in bad weather, and for the first week on the ship 

coming home, I had another task: revising (from edition 1 of 

Bomfordôs Geodesy) for my final RICS exam. I took it in the 

captainôs day cabin on 12 April 1956, with Keith Warburton, 

the expedition doctor, invigilating. I did not find it easy. The 

RICS has long prided itself on having people able to sit its 

exams anywhere in the world, and for a while this was their 

prize example. It was some time before I knew I had passed. 

Surveying an island from within, it is inevitable that the 

offshore side of long peninsulas and neighbouring islands 

remains invisible to the surveyors. Duncan returned to South 

Georgia, carefully briefed, for the southern summer of 1956 - 

57. He travelled everywhere he could with the sealers, then 

with the whalers, and then on foot around the whaling stations. 

He returned with 1600 photographs, near- 


