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Introduction.

This account begins with a short historical note which deals in chronological order with the development of the varfesdfrére Survey
organisation in France during the war. Thain portion of the history is divided into two parts, with some appendices.

Part |I. deals with the Provision of Maps, or what is, strictly speaking, the Engineer side of survey; Part Il. with Butileyy or the Atrtillery side.

In Part 1., the firsthapter describes map production up to the point of the finished drawing. Section I. describes the development of til¢Survey
from the original Ranging Section to the Field Survey Battalions. Section Il. deals with survey operations in the flefstréves the work done

and the technical methods employed. Section lll. is concerned with the indoor work, and in this Section the subjeattofyfapRyin relation to
survey is discussed. In Section IV. lessons are drawn from the experiencevaf.the

Chapter 2 deals with the map after the finished drawing was handed over for reproduction. Section I. treats of the defeloporganisation for
reproduction, including apparatus as well as personnel. Section Il. deals with the technicalegicdattion, and describes the machines, methods
and processes used. Section Ill. deals with the whole subject of Map Supply, both from England to France, and in F&ht®froni\rmies, and
from Armies to troops. In Section IV. lessons are drawrilfture guidance.

Part Il. is divided into four chapters, each dealing with a certain branch of Artillery Survey. Chapter | describesthadggiwth of the work of
surveying, and giving line to our own batteries, being subdivided into two Sedéatisg respectively with Battery Survey and Atrtillery Boards.
Chapter 2 treats of Cross Observation (or Flash Spotting, as it is popularly termed), Section I. relating the growtiseifaigo® units; Section II.
describing the technical methods eny@d; and Section Ill. giving deductions from experience. Chapter 3 deals with Sound Ranging, and on a
similar plan gives in three Sections the history of the Sound Ranging units, an account of technical methods, and dditfidnsChapter 4 an
acount is given of the compilation and-oedination of the results obtained by Observation Groups and Sound Ranging Sections, and of the co
operation of these and other observing agencies for the common purpose of fixing targets.

Throughout the work the preiple has been observed of keeping the history of what may be termed the military side (that is, the formation and
growth of units, with their organisation and establishments) apart from that of the technical development. It has rmeivmssibleotdo this,

for the history of technical units is often inseparable from the history of their technical work. Hence a certain anveuliaippireg and repetition

has been unavoidable. It is, however, believed that this principle is sound, and will kadtiftdry of the development of the whole organisation to
be more clearly followed.

The Appendices deal with various subjects which are more conveniently treated there than in the body of the historic@leabeiead survey

questions are the subjaftl. (The Geodetic Problem), Il. (Levels), and Ill. (Map References). Appendix IV. gives the syllabus of the various course
of instruction given at G.H.Q., as a record for future reference. Appendix VI. gives the history of Screen Calibratieresgidevelopment of

the war, but only connected with survey by the fact that it was the Survey organisation which developed it. Appendes\édh. aieount of the use

of panoramas (photographic and hand drawn) in the war; and Appendix VIII. conthiors description of the survey organisation in the American,
Belgian, French and German Armies, which is of considerable interest for the purpose of comparison with our own.

General Deductions From The Experience Of The War.

At the end of each chapter whle found deductions and lessons for the future, in the particular subject dealt with, drawn from the experience of the
war. The more important of these may conveniently be summarised here.

Engineer Survey.

Surveyd Survey is a necessary part of modern w@;fand every body of troops which takes the field should include a proper proportion of survey
units.

Accurate survey is the basis of all map product i onthalinedCooséquentlye f i
there should be one recognised authority on technical survey questions, and that should be the staff responsible for thal fsundayehat is to
say, the R. E. Survey Staff.

Geodesy Geodetic study and research is of prime importance, and should ligegréw both in peace and war.

Air Photographyd Air photography is of fundamental importance to survey in war. A clear policy should be laid dowrofzeretion between
airmen and surveyors, and research should be carried on in the development of aretheygparatus, for use both in the air and on the ground.

Reproductiord Apparatus for reproduction must be designed for war, standardised and uniform. Reproduction units must be complete and self
contained as regards apparatus and power, and must He.rfwbvision must be made for cameras adequate for the largest size of plate to be used.

Map Supplyd Troops should carry few maps on the person; mobile reserves should be carried close at hand. Transport for supply faust be amp
For European warfare, W& a map on 1/100,000 scale is sufficient for marching, a map on the scale of at least 1/50,000 is required for fighting.
Artillery Survey.

Training.d All Artillery officers must be trained in survey, and a proportion must reach the professional standard.

Observatiomd Observation units (Observation Groups and Sound Ranging Sections) mustdoaitsaifed, mobile, adequate in personnel and
transport, and commanded from the Corps or similar formation.

Research in methods and apparatus must be carried eada pnd improvements continually sought.

There should be a single general control, vested in a technically qualified Artillery staff, of all means of target fixing.
General.

Survey units (whether Artillery or Engineer) form a very small percentage dbase; but their effect on operations is great and out of all proportion
to the numbers involved.

Hence it is false economy to starve this service. By so doing the technical service is crippled, while the numberhedigding fine are
negligible ad often of unsuitable materiaGeographical Section, General Staff, War Office. October, 1920.
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Report on Surveyon the Western Front 1914 1918

General Historical Note.

The provision in the original Expeditionary Force for map supply was as follows. At G.H.Q. was the Topographical Subseet®eneral Staff,
known officially as | . ,(cQ.,H.bQ.t, omoarned ccoonmnsoinsltyi nags off Maopnse of fi cer |
officer and a clerk; and divided between L. of C. and the Army was the Printing Company, R.E. The Printing Company wed asgami.Q.

Section for work on th L. of C. and small mobile sections for work with Corps (which at that date consisted of two Divisions).

The Topographical Subsection, or Maps, G.H.Q., as it will hereafter be called, was augmented in the first month of tireeveéerayand a boxcar.
The L. of C. Map Section was increased before the end of 1914 to five clerks and storekeepers, and a map depot estiablisideville and
later at Rouen. The Printing Company was, with the exception of a small letterpress printing sectionawieéhon the L. of C., concentrated
wholly at G.H.Q. in September, 1914, the Corps Sections having been withdrawn.

Towards the end of 1914 the need of better provision fordszgke maps having become apparent, advantage was taken of the preseameeinfFr
the 1st Ranging Section, consisting of one officer and four other ranks, all expert surveyors, to start survey woeldinTthe 8ection was
augmented by topographers obtained from the Ordnance Survey, and others from Field CompaniesRafd adlitsrin France, and was finally, in
April, 1915, attached to Maps, G.H.Q., as the 1st Ranging and Survey Section, which became responsible for surveyfor ttie fiehole
Expeditionary Force.

I'n March, 1915, a A Ma psng @ andfficerr a smdll staifgandSeletachiment of the Peinding €ompany, was formed for
each of the two Armies then in being.

In the autumn of 1915 the personnel of the Ranging amdf8urvdye Fe
Second and the newly formed Third Army. These Sections included
In the meantime the problem of fixing the positions of enemy batteries by cross observation had been taken up in wrRousthagystem

developed was finally incorporated in the Survey organisation on the formation of the Field Survey Companies in 1916.

Concurrently, the system of fixing the position of enemy guns by recording the sound of their discharge (known Rargpugdwas being
developed. The first British Section was formed in November, 1915.

By the beginning of 1916 survey work had increased to such an extent that a considerable increase in establishmentegassagndnd in
February the Topographic8kctions were converted to Field Survey Companies. These Companies included a staff for survey, map compilation a
drawing, and printing, as well as the Observation Groups and Sound Ranging Sections.

By the summer of 1916 there were five Field Survey Camgs formed on this model for the five British Armies.

With the continued increase of the British Forces, and of the front and area to be dealt with, the need began to $radéloajanisation with each
Corps to provide for local mapping needs. Ssguently Corps Topographical Sections were authorised in February, 1917. These Sections formed &
part of the Field Survey Company of the Army to which the Corps belonged.

As the work of the Survey units expanded it became necessary to make provigistrdiation and training. The Experimental Sound Ranging

Section was formed in August, 1916, and transferred from the front to G.H.Q. in March, 1917. At the same time the austalstodp for the
maintenance of Sound Ranging apparatus was collectégriin 1917, the School of Instruction for Flash Observation, formed in the 3rd Field

Survey Company, was taken over by G.H.Q. Teddinate these units and to superintend generally the training and supply of personnel for the Fiel
Survey Companies, tHepot Field Survey Company was formed in April, 1917.

No other material change in the organisation of the Field Survey units was made, but the continual growth of the wiateddoetbsr increases
in establishment. The first of these was authorisddecember, 1916, when the establishment of the Field Survey Companies was considerably
enlarged.

In September, 1917, proposals were made for the conversion of the Field Survey Companies into Field Survey Battalieaggnédtit Colonels in
command, and these were authorised in the following August. Further proposals for enlarging the establishment wer¢hmauiditdnytsituation
in the early part of 1918 rendered any increase impossible. This was the situation at the terminatiititiexf iIoslovember.

In the meantime the establishment of Maps, G.H.Q., had been altered and increased to meet the growing needs of theesffaterin charge

was advanced to G.S.O., 2nd grade, in March, 1915, and again, in May, 1917, to13tQ)fade, with (from June, 1918) the temporary rank of
Colonel. The Staff was increased in May, 1917, by one G.S.O. 3 for map reproduction and supply, and in June, 191&)Winthattathed

officers 1 Lieutenant Colonel (Technical AssistantMajors (Advisers in Sound Ranging and Flash Observation), 1 Captain (Personnel), and 1
Lieutenant (Equipment).

On the L. of C. the officer in charge. having completed the organisation of the work, left in November, 1914, and thppBasassthereaftan
charge of a Warrant Officer. A large Base Depot was established at Rouen, with an advanced depot at Abbeville. Subsafeasityganisation
of the L. of C. into L. of C., North and South, a depot for the Northern system of supply was formidsatv®de the depot at Abbeville was
enlarged and supplied formations on the Southern system. At the same time the depot at Rouen was abolished.

The Printing Company at G.H.Q. having originally provided Detachments for the Armies, and these Detachrimentstér been absorbed into the
Field Survey Companies, remained as a separate unit responsible for letterpress printing and map reproduction foe@ahli3htent was

increased on three occasions. On the formation of the Depot Field Surveyrgdmparil, 1917, the Printing Company was absorbed into that unit,
becoming a APrinting Sectionodo; on the formation of ttditeforDer staiusof Fi e
an independent unit.



Part I.

Provision Of Maps.
Chapter 1.

Map Production.

Section |8 Development Of Survey Units.

1. Provision with the Expeditionary Force.

The organisation for map provision with the original Expeditionary Force consisted of the Topographical Subsection,t&gnexa),Svhich
included one officer (G.S.0O. 3) and a clerk; an officer and clerk attached to H.Q., L. of C., to look after reserve aupptiedrinting Company,
R.E., for reproduction. The scheme was based on the needs of a very small force opeeatmgablé conditions, and on the supply of nothing but
small scale maps, produced in England.

The Expeditionary Force took the field with a full supply of such maps, the arrangements for the issue and replaceroentidfoetfiound
described in Chapt&, Section Ill., Map Supply.

The provision made for survey in the field was that, by arrangement between the War Office and the Board of AgriceltSBteydy&ections,

which included personnel and stores for map reproduction by manual labour, ldererbadiness by the Ordnance Survey. It was, however,

decided by the War Office that these Sections would not be required. This decision was doubtless due to the fact tastimeanavilised and

mapped country, and that it was not foreseenadtdhte what an important role would be played in the war by, survey in the field. The consequence,
however, was the dispersal among various field units of valuable trained personnel, only a portion of which was withrdifieered when later

the denand arose for skilled surveyors.

2. First Demands for Large Scale Maps.

The earliest demand for large scale maps was made during the Battle of the Aisne, when for the first time warfare bw@mers$tatBritish

Army happened at that time to be in the only area in this part of France which had been mapped on the rephitap8grvey of France on the
1/50,000 scale. The sheets of this map were procured, and were reproduced by the Printing Company, and issued intiesalllgsi@xiiellent
topographical map served the needs of the moment, but its use was lintiedvieyy small area covered and the difficulties of local reproduction.

The Ordnance Survey was then requested to produce large scale maps of probable areas, which was done by enlargeemafit bi&e000
map. These enlargements proved, howevdsetquite unsuitable for accurate artillery work, and it became evident that it would be necessary to
survey on the ground.

3. Ranging Section.

There was at that date a wunit in France cal | tedankshwhichfhd deeyformeg atdhe c t
Ordnance Survey, Southampton, for the purpose of fixing the position of an aeroplane at the moment that it dropped ratsfuolattzr signal)

over a hostile target, and thereby fixing the position in plan didiséle target itself. This unit arrived in November, 1914, and experimented for
about two months. The proposed scheme did not come into practical use for various reasons, the chief being that ieded lsypleessuperior

method of signalling from thaeroplane by wireless. The personnel of the Section were, however, expert surveyors, and were thus immediately
available for the commencement of survey in the field.

Capt. (now Lieut. Col.) Winterbotham, R.E., the O.C. Ranging Section was put in ch#igemafrk. The Section was reinforced by ii Topographers
obtained from the Ordnance Survey, Southampton, and 3 from R. E. units in France, and survey was begun on 25th JaiiherRai@isg
Section was thus the first Survey unit to work in the field.

4. Maps and Printing Sections.

During 1915 the strength of the Expeditionary For ce anteétweachaftte i t
two Armies (First and Second) then existing, to superintend map supply. Hestefttiof one clerk and one draughtsman, and a boxcar.

Soon after an Army Section of the Printing Company (see Chapter 2, Section |.) was put under his commend. This combikadan wa
unofficially as ao Maps an drmpSectionof tmedrinthg Compaaywasol4, intluelingsxttradesment with 1o f  a
boxcar and 1 -3on lorry.

The Maps and Printing Section was responsible for map supply to the Army (i.e., for distributing maps printed in Engtepcdéwing small
numbers 6maps for Army H.Q.; for small urgent printing jobs; and for taking panorama and other official photographs, and spbiotoigpaphs
as were necessary in connection with map work, such as enlargements or reductions to required scale.
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5. Ranging and Suvey Section.

In April, 1915, the Ranging Section, which had now practically ceased to have anything to do with ranging, and wasengietiywith surveying,
was transferred from thé"®ivision Artillery to G.H.Q. and renamed the Ranging and SuBgtion.

It was given the following establishment (No. 49, dated 22/4/15)

Ranks Occupations
Major, Capt oc Sub 1 Officer 1
Sergeant 1 Trig Observers 3
Corporal 1 Topographers 4
2nd Corporal 1 Attached 4
L-Corporals or Sappers 4
Attached:
Batmen 1
Drivers, MT 3

12 12

Transport: 1 touring car, 1 3twt. lorry.
This Section carried out survey in the field for the whole Expeditionary Force, the front extending at that time fromYipoeth to Bethune.

During the year the Ranging and Survey Section was reinforced by a number of Ordnance Survey topographers who hadj e €iede: min

Army Troops Companies, and by others from England. With the extension of the front and the area to be dealthéttieaeldpment of the Army
organisation, it became impossible to continue the centralisation of control of survey work at G H. Q. Another reasomavtdel o the
expansion of the survey organisation was the growing need for putting the respprisitdlit mapping in the hands of trained surveyors. Up to the
middle of 1915 the responsibility for the maps of forward areas lay with the General Staff (Intelligence), but it beaamsefobveasons which

will be explained in Section lll., that mamg should be taken up by the expert.

6. Topographical Sections.
These facts led to the formation (July to September, 1915) of a Topographical Section for each Army (First, Second.and Third)

These Sections were formed by the division of the Ranginganay Section into three, the addition of new personnel, and the incorporation of the
Maps and Printing Sections. The officers who commanded these Topographical Sections were, in First Army, Captain Gzap&a{taleapp); in
Second Army, Major ReidniThird Army, Major Winterbotham.

The establishment (No. 129 d/ 2/10/15) was as follows:

Ranks Occupations
Captains or Subalterns 2 Officers 2
CSM or Sergeant 1 Clerks 1
Corporals, 2nd Corporals 13 Trig Computers 1
and Sappers
Draughtsmen 3
Trig Observers 3
Attached: Topographers 6
Batmen 2 Attached 5
Drivers MT 3
21 21

Transport: 1 touring car, 1 bepar.

To these Sections the Maps Officers and Army Printing Sections were attachgihg the total strength to 38, with total transport 1 touring car, 2
boxcars, and 1-8n lorry.

These Sections were responsible for all survey work in the Army, and for map supply and reproduction on the same fineg@sstiviaps and
Printing Setions.

7. Observation Groups and Sound Ranging Sections.

During 1915 the question of fixing the position of hostile guns by cross observation was being taken up. This will lith de8aw/l.; in the

meantime it is enough to mention that in thetrared Third Armies, towards the end of 1915, the O.C. Topographical Section was made responsible
for the control of AFlash Spotting.o In the SecondiltAerfoomatonafthent r ol
Field Suney Company in 1916.

In the same year (1915) a beginning was made with Sound Ranging; the first Section was formed in November and oth@t€ damid ghtse
were incorporated in the Field Survey Companies which had then been authorised.

8. Field SurveyCompanies.

The Survey requirements of the Armies continued to grow with great speed, and within a few months of the formation ajréehicg Sections

it was found that they were totally inadequate to deal with the mass of work to b& doreh mapping had become of vital importance, and
required a large staff of the most expert draughtsmen and interpreters of airphotos; the requirements of the Army Hd@easadpdemands on
the limited printing resources of the Sections; and theafizhe areas and the number of formations in the Armies made map supply a matter of
considerable difficulty, even in the absolutely stationary warfare then going on.

Consequently, proposals for an increased establishment were put forward, and in FéBhfatyhe formation of Field Survey Companies was
approved. The name was adopted (instead of Survey Companies, which would have been enough) to avoid confusion wriidp Sueegisti
Companies in England, which were R.E. Companies composed of

surveyors but not equipped for war conditions, and whose personnel had, moreover, been almost entirely transferred to Framdbeatdestbé
war.
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These Field Survey Companies were a great advance on the Topographical Sections. The O.C. was ultimatelyagikerf Major (though not
without considerable delay in

the case of those .who did not already hold that rank) and a point was made of securing for this post R.E. Officerewhertreneeyors. The
first to hold the commands were:

1st F.S.C., MajoH. Wood, R.E.; 2nd F.S.C., Major C. S. Reid, R.E.; 3rd F.S.C., Major H. St. J. Winterbotham, .R.E.; and 4th F.S.C., which was
formed at this date (February, 1916), Captain M. N. MacLeod, R.E. In July the 5th F.S.C. was formed, under the commamiBffC&p
Keeling, R.E.

The organisation laid down for the original Field Survey Companies was as fallows :

(1) Headquarter Section. FunctioamsSupervision and administration, and compilation of results of Observation and Sound Ranging.
(2) TopographicaBection. Function8. Survey and topography.
(3) Map Section. Functiors.Reproduction and map supply.
(4) Observation Section. Functi@nGeneral observation and flash spotting. The Section consisted of a number of Obs. Groups.
(5) Sound Rangin&ection. Functiod. Sound Ranging. The Section consisted of two Detachments.
This organisation was not adhered to throughout in practice, the three first named sections being combined in the@&th4t#SaC. as one H.Q.
Section, as in the organigsati which was officially adopted later.

The establishment, in this first organisation was as follows (W.E., No. 239, d/11/3/16; later numbered 351/51) :

Headquarter Section

Ranks Occupation
Officers 3 Commander 1
QMS 1 Adj&QrMr 1
Clerks 2 Compiling Officer 1
Other ranks (no ranks laid 6 Clerks 2
down)
Attached QM 1
Batmen 3 Pay duties 1
Desp. Rider 1 Trig Computer 1
Drivers MT 2 Opticians 1
Draughtsmen 1
Buzzer Pioneers 2
Attached 6
18 18
Topo Section
Ranks Occupation
Officer 1 OC 1
CSM or Sergt 1 Trig Computers 1
Sergeant 1 Draughtsmen 3
Corporals 2 Trig Observers 3
2nd Corporals 2 Topographers 6
L-Corporal 1 Attached 3
Sappers 6
Attached:
Batmen 1
Drivers MT 2
17 17
Map Section
Ranks Occupation
Officer 1 OC 1
Clerk 1 Clerk 1
Attached: Photographers 2
Batmen 1 Lithographers 6
Drivers MT 3 LP Printers 3
Printing Co* 11 Batmen and drivers 4
*See para. 4 17 17

The total strength at Headquarters was thus 5 officers and 47 other rank. In addition there was a variable number e@ipt&yedtmm and Sound
Ranging, the establishment for which services is dealt with in Part II.

The transport available amg the above three sections was 2 touring cars, 3 boxcatsnll@ry, 1 motorcycle.

9. Enlargement of Field Survey Companies.
Although, as stated, the Field Survey Companies were a great advance on the Topographical Sections, the work grethabimagidimonths the
new establishment was found to be insufficient.

Among the increases may be mentioned the formation of additional Observation Groups and Sound Ranging Sections tchodedrahie w

without a gap. This entailed largely increasedesuvigion and administrative work. At the same time trench maps became more complicated, and the
demand for accurate maps and for survey work for the Artillery grew rapidly. This entailed heavy work on the part ofsamdey@ughtsmen of

the Field Surey Companies.

Consequently in December, 1916, a revised establishment was approved with the following modified org@nisation :

(1) Headquarter Section. FunctiahsSupervision and administration. Survey and topography. Map reproduction and printing. idiggp sup
Compilation of results of observation and sound ranging.
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(2) Observation Section, consisting of several Obs. GrduBgneral observation and, flash potting.
(3) Several S.R. SectiodsSound Ranging.
The establishment (No. 407, d/7112/16) was as fdlfileadquarter Sectiord)

Ranks Occupation

Major 1 Officers

Adj and QkMr 1 OC 1

Capts and Lieuts 4 Adj and Qr-Mr 1

Clerks 3 Topography 1

CSM 1 Maps and Printing 1

CQMS 1 Compiling 2

Sergeants 5 Clerks 3

Corporals 5 CSM and CQMS 2

2nd Corporals or Bombrs 5 Pay Duties 1

L-Coporals or A/Bombrs 5 Topographers 7

Sappers, Gunners or Ptes 38 Trig Observers 3

Attached: Draughtsmen 14
Batmen 6 Trig Computers 2
Despatch Rider 1 Carpenter 1
Drivers, MT 7 Photographers 2
RAMC 1 Lithographers 7

LP Printers 4

Buzzer Pioneers 2

Storemen and Packers 4

TRANSPORT, ETC Instr. Repairers (Optical) 1

Touring cars 2 Cooks, Orderlies, etc 10

Box-cars 3 Attached 15

Motor cycles 2

Lorry, 3-ton 1

Bicycles 12 84

In April, 1917, the above establishment was modified (W.E., No. 501/42, d/3.4.17) by the addition of two draughtsmémnfyr Branch
Intelligence Section. These two men weetached to the B.l. Section, and had no effect on the work of the F.S Company.

10. Corps Topographical Sections.

The experience of the Somme fighting in 1916 showed the need for some decentralisation of topographical work and n@pduadgcti
operatons, and especially for some small map organisation in each Corps which could provide an immediate representatioatiohthEhstiield
Survey Company was necessarily too far from the line for it to produce and distribute maps with the neceds&myampesdhis, Corps had already
produced many temporary maps, but these maps were of the same order of accuracy and showed the same faults as thpsberapaycstaffs

in the early portion of the war. It was necessary, then, to train thersffarethis purpose in good mapping methods, and to equip them with a few
draughtsmen who had been specially trained in plotting from air photos. The subject was raised by the Third and Fourhd\Goigs
Topographical Sections were formed in mostnigs during the autumn of 1916, training being carried out at the F.S.C. Headquarters. The 3rd F.S.C
may be specially mentioned as having given a particularly thorough training, officers and men being put through a cbulastedtietween two
and thre months. The Sections were officially authorised in February, 1917, the establishment being one officer, five draugleismen, t
topographers, with two motorcycles, one having a sidecar. In addition, two draughtsmen were borne on the strength fenewithayym Branch
Intelligence Section attached to the Corps Squadron (R.A.F.). The Sections were equipped with Ellam duplicators.

The functions laid down for the Corps Topographical Sections &vere:
(1) To supplement the work of the F.S.Cbuattery fixing and provision of Artillery Boards, especially for Field Artillery.
(2) To produce daily during operations maps in time to distribute early next morning, giving the latest information sisiatgitive

During active operations mapping wasually confined to the above description, and to trench maps (1/10,000 or 1/20,000) showing new trench
detail, and new topographical information. During normal periods of position warfare many other maps were producedyusuteh battery and
target naps, barrage maps, maps of our own trenches, traffic, railway, and other communication maps and diagrams of various kinds.

It will be useful here to review briefly the subsequent history of these Sections.

Corps Topographical Sections were raised as iakggrts of the Field Survey Companies, but in practice there was often little connection between
them and their parent Company. It was difficult for the O.C. Company to exercise any close supervision, and it freqoendg tegt changes of
personnel pof the officer in charge were disapproved of by the Corps, with the inevitable consequence of stopping promotioreaind inttrf
desirable changes.

Apart from this, the Sections were called upon to perform duties for which they were not origireadtled In the first place, the addition of
topographers for battery survey was an afterthought, and not included in the first proposals. They were added to mestdHergaeater
decentralisation of this work, and had a supply of skilled persdeagl available, they would have been invaluable. By the end of 1916, however, all
the really skilled topographers were already employed, and the men for the Corps Topographical Sections had to be tr@nedyasinot time
enough to make them expéeFhey consequently needed supervision, but as the officer in charge was already fully occupied with his heavy office
work, it was impossible for him to spare the necessary time in the field. Consequently battery survey by Corps topegrafihertl finally little

was done. Occasionally the men were used for mapping back area trenches and areas under cultivation, and also fobobatfamgf them

were expert enough to contour properly, little reliance could be put on their work.

Another facbr that handicapped the Corps Topographical Sections was their employment on manuscript work for the Corps StaffwEysra is al
mass of this work to be dodefor example, colouring maps to show different activities, correcting the front line to datén¢gemaps, and mounting
wall and other maps. The trained men of the Survey units were not intended for this work, which requires comparatskdly litileas a rule so

few draughtsmen were available for it that demands were constantly made anviheuits, and particularly on the Corps Topographical Sections.
In many cases the latter were quite swamped by this work, with the result that when the time came for quick but acouaiitegibp staff were
untrained and inexperienced, and the weds consequently poor and slow.
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It may be said, then, that while the Corps Topographical Sections would probably have been sufficient for the purpaclestfey wiere originally
intended, they proved quite unequal to the additional tasks put uporatheétinat, though undoubtedly useful to the Corps Staffs, they were, except
in a very few cases, of little value for useful survey work.

11. Depot Field Survey Company.

In April, 1917, the Depot Field Survey Company was formed in order-tvdinate andgpervise the training of personnel for the F.S. Companies.
Hitherto training for Sound Ranging had been carried on by the original Sound Ranging Section, which was formed in 28l1®m=athied in

Second Army area. The Experimental Sound Ranging Sestisriormed in August, 1916, with a view to carrying on research and instruction, and
was transferred in the beginning of 19i7 to G.H.Q. to act as an Experimental Section and School of Training. At the Sarextelient School of

Flash Observation fared in the 3 F.S.C. was taken over by G.H.Q. and formed into the School for Observers. These units were included in the or
organisation of the Depot Field Survey Company, which was thereafter the training establishment for all the specialdyieldrSpany trades and

the Depot for trained reinforcements. The Depot absorbed the Printing Company, R.E., which became the Printing SeEtepobftise

Company.

The establishment (No. 501/43, d/3.4.17) was as folbws:

HQ Section
Ranks Occupation
Major 1 ocC 1
Adjutant 1 Adjutant 1
Subaltern 1 Equipment Officer 1
CSM 1 CSM 1
CQMS 1 CQMS 1
Clerks 2 Clerks 2
Sergeants 2 Storeman 1
Corporals 1 Instr Repairer 1
Sappers 1 Carpenter 1
Attached: Pay Duties 1
Batmen 3 Attached 9
Cooks, Storemen and Orderl 6
20 20
Printing Section
Detail given in Chap 2 61 61
Experimental Sound Ranging Section
Ranks Occupation
Captain 1 OC and Instructors 4
Subalterns 1 Senior NCO 1
Sergeants 2 Photographer 1
Corporals 2 Linemen 9
2nd Corporals 2 Buzzer Pioneers 2
L-Corporals 2 Forward Observers 9
Sappers and Pioneers 16 Instr Repairers 2
Attached: Attached 6
Batmen 4
Drivers, MT 2
34 34
School for Observers
Ranks Occupation
Captain 1 ocC 1
Clerk 1 Clerk 1
Sergeants 2 Instructors 6
Corporals 4 Attached 3
Attached:
Batmen 1
Miscellaneous 2
11 11

The total strength was thus 126aficers and 117 o.r.).
The transport was one touring car and o#ier8lorry allotted to the Printing Section and one car and one boxcar allotted to the Exp. S.R. Section.

On the conversion of F.S. Companies into Battalions the Depot F.S.C. becamedhEiBldpSurvey Battalion. It retained the same organisation,
with an enlarged establishment, except that the Printing Section ceased to form a part of the Depot, and was refaomest &tatsis of an
independent unit.

The establishment of the Degeield Survey Battalion was as follows (No. 1592, no date).

H.Q. Section.
Ranks Occupation
Lieut-Colonel 1 oC 1
Adjutant 1  Adjutant 1
Subaltern 1 Equipment Officer 1
RSM 1 Warrant Officers 2
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QMS 1 Pay Duties 1
Sergeants 4 Orderly Sergeant 1
Corporals 3 Storemen 3
2nd Corporals- 3 Carpenter 1
Sappers and Pioneers 22 Clerks 4
Attached: Draughtsmen (Topo) 22*

Drivers, MT 4  Attached 10

Cooks, Orderlies, etc 6

47 47
* Includes 2 for Bl Section
Experimental Sound Ranging Section
Ranks Occupation
As before, except 4 Batmen 30 30
School for Observers

Ranks Occupation
Major 1 OC and Instructors 3
Subalterns 2 CSM 1
CSM 1 SP Observers (Instructors) 15
Sergeants 8 Clerks 2
Corporals 8 Storemen 1
2nd Corporals 1 Instr Repairer (Optical) 1
Sappers and Pioneers 3 Pioneer 2
Attached: Attached 2

Miscellaneous 2

26 26

Batmen allowed ofscale C.
The strength was thus 103 (10 officers, 93 o.r.).

The transport wa®:
For H.Q. Section, one touring car, one boxcar, oten3orry.
For Exp. S.R. Section, one touring car, one boxcar.
For School for Observers, one motorcycle, one bicycle.
Theabove establishment was superseded by No. 1802/16, which differed only in omitting the two draughtsmen for the B.I. Section.

12. Various Schemes for Reorganisation.
Towards the end of 1917 it became evident that the work of a F. S.C. was too centradiskds #he burden on the O.C. was consequently too great.

Another difficulty that was felt by all was the need for greater elasticity in the organisation. The H.Q. Section renpreasedf the same strength

in every Army, in spite of widely varyingooditions of length of front, area, nature of operations and state of maps. One Company might have quite
twice as much work as another, but had the same personnel and transport available. To meet iese deeeistralisation and elastidiyarious
proposals were made. The O.C. 4th F.S.C. (Major MacLeod) suggested an organisation of Corps Survey Companies, each of Wwhich would
responsible for all the Survey work, including observation and sound ranging, for its Corps; the wholedodirated andupervised by a Director

of Surveys at Army H.Q., who would also have an Army Survey Company for such work as did not fall within the provinGegfsi@ompanies.

This scheme had much to recommend it and was strongly supported by the G. 0. C. FouBeranal Rawlinson). It certainly provided complete
decentralisation and made the strength of the Survey organisation automatically correspond to the strength of troopeh@igaged a long

wayd probably as far as was practically possibla the diection of complete elasticity. It was, however, generally agreed that map production could
not be satisfactorily decentralised to the extent proposed, the disadvantages involved being greater than the advagtaged.tblénce, while
accepting the pniciple of a Corps Survey Company organisation as sound for observation, sound ranging, battery fixing, and map distriésition,
decided that it was not sound to apply it to map production, or, with the existing type of plant, to map reproductitiyiniqudher words, it was
considered advisable to retain at Army H.Q. the organisation for compiling, drawing, reproducing and printing maps.

Another proposal that was made, with a view to meeting the need for a variable strength for varying wors, wasave a number of
sectionso at the disposal of Maps, G.H.Q., to be allotted to any

Both these proposals, unfortunately, involved increases of personnel which would be saved by adherirdydegdr@sation, and as the manpower
situation was becoming serious at this date, they had to be abandoned on that account alone.

13. Field Survey Battalions.

The result was that the next step is the development of the Survey units, namely, the fornfrégldnSafrvey Battalions (authorised in 1918)
became simply an expansion of the Companies, with no change in organisation, except that three Majors were addedewitbfttieaaljtralising
work and relieving the O.C. One Major was to be in chargeeoftiH. Q. Secti on, and two to be in charg

An Artillery Section was to consist of adopt half the Observation Groups and S.R. Sections in the Battalion, and th¢hdethevaspervision and
control of an Atrtillery Section was teeldelegated to a Major, the O.C. being thereby relieved of a good deal of detail work. The Atrtillery Section wa
admittedly a compromise. Had the situation allowed of the provision of a small staff and some transport for the udicef thelodrge,le

scheme might have worked better; but as this was impossible, it was handicapped from the outset. It must be admittethaidhevetillery

Section Commanders did valuable work, and the presence of a controlling officer near the front hadly geadedfect.

The F .S. Battalion organisation was otherwise exactly the same as that of the F.5. Company, consisting of a H.Q. ipscliopo Cections,
Observation. Groups and Sound Ranging Syec$eotnisgnd . he ThetHt@o Sad
Colonel in command, an Adjutant, 3 Majors, 4 Captains and 4 Subalterns, and 174 other ranks. The officers were clagsifieti43. Section, 2

O.i/c Artillery Sections, 2 Printing, 2 Survey, and @nipiling Officers, and two other subaltern assistants. The other ranks comprised a largely
increased staff of draught smen, l'ithographers, etc. inDectioms. was no

The detail of this estatlsihment (No. 1591, d/17/8/18) was as follows (Headquarter Sedlion) :
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Ranks Occupations

Lieut-Colonel 1 OC 1
Majors 3 Adj & Qr-Mr 1
Adj & QrMr 1 Majors:

Captains 3 Oilc HQ Section 1

Subalterns 5 Oilc Artillery Sections 2
Supt Clerk 1 Captains:

RSM 1 Oilc Survey 1

QMS 1 Oi/c PrThting 1

CSM 3 Oi/c Compilation 1

Sergeants 12 Assistants, Subalterns 5

Corporals 12  Senior Warrant Officers 3

2nd Corporals 12 ATopographers 10

L-Corporals 20 Trig Observers and Assts 6

Sappers and Pioneers 97 Helio and Vandyke workers 6

Attached: ADraught smen 40

Batmen 6 Draughtsmen, Clerks 2

Despatch Riders 1 Draughtsmen, Litho 2

Drivers, MT 7 Computers, Trig 2

RAMC 1 Instr Repairer Opt 1

LP Printers 8

Transferers and provers 10

AMachine Minders 6

Machine Feeders 6

Engine Men 3

Photographers 4

Carpenters 2

Telephonists 3

Clerks 7

Storemen, etc 8

Electrician 1

Pay Duties 1

Cooks, orderlies and fatigue men 20

Attached 15

187 187

* Includes 1 N.C.O.
AThe Chi ef To p emanang lhteomprintehadahe mamkiofeC.S.M.
Thetransport was 2 touring cars, 3 boxcars;tbr8lorry, motor cycles, and 15 bicycles.

Two of the draughtsmen were for employment in the B.l. Section. The establishment was subsequently modified (No. 18atbbyribe
omission of these two draughtemand the addition of two bicycles.

Proposals were also made at this date for the inclusion of certain oth8r tanitit, Calibration Sections and Wind Detachménksit as these never
materialised as parts of the F.S.B. organisation, they will be dehltmthe technical account only, and not here.

The following officers commanded the Field Survey Battalions

1st. Lieut.Colonel B. H. Wilbrahain (who had succeeded Major H. Wood in command of the 1st F.S.C.).

2nd. Lieut.Colonel C. S. Reid.

3rd. Lieut.Colorl B. F. E. Keeling (who had succeeded Lieut.Colonel Winterbotham in command of the 3rd F.S.C. on the latter joining the
G.HQ. Staff in August, 1917).

4th. Lieut.Colonel M. N. MacLeod.

5th. Lieut.Colonel F. B. Legh (who had succeeded Major Keeling in cowmhioizthe 5th F.S.C. when the latter was wounded).

14. Proposals for Increase.

The establishment of a Field Survey Battalion, which was authorised in August, 1918, though it came into force loce]lj&ad heen proposed in
the autumn of thprevious year. In the interval the fighting power and activity of the British Army had increased to such an extentdhat the n
establishment, by the time it was approved, was inadequate.

Fresh proposals for increase were therefore made, but binbishe question of manpower had become acute, and the situation in the spring of 191
made any increase quite impossible. From that time on the total strength of the F.S Battalions was limited to the nuailtbiwited, so that an
increase to any ston could only be made at the expense of others. In the autumn of 1918 proposals were on foot to bring up the sieerddih of t
Sections to something approximating to the work they had to do by disbanding certain Observation Groups and Souné®amginguSthese

did not materialise before the Armistice.

15. Corps Company Organisation.

It only remains to say that during 1918 further experience and the lessons of the rapidly increasing mobility of waddrthetimperative need

for the adoptia of a Corps organisation as originally advocated by the Fourth Army in 1917. It was agreed by the F .S.B. Commaneensiyhat th
way to meet the varying needs of the situati on wa s(whebyéthbsauniisovere t h
responsible for definite areas and not for definités), and to attach to each Corps its Observation Group and Sound Ranging Section, with an
officer at Corps H.Q. to represent and .look after them. Increase of persongehlsitutely vetoed, the only way to provide for such an

organisation was to disband some Corps and Sections, and it was agreed to recommend that this should be done evenublvegkthieisisk of

leaving the front inadequately covered. The cessatidostilities prevented this scheme of Corps Companies from coming into being, but it is
mentioned here as being the organisation finally agreed to in principle. It may also he mentioned that the Fourth I &dvandieg into

Germany, formed CorpgSompanies with the aid of borrowed personnel, so that the organisation was put by them to practical test in some measure

The Corps Company, as proposed, would have had an O.C. (Major) and a small staff for administrative and Artillery Syrved¢ wotl have
included one Observation Group and one S.R. Section, and the Corps Topo. Section.
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16. Maps, G.H.Q.
The original establishment in the Expeditionary Force for dealing with survey matters was as &llows :

At G.H.Q. Topographical Subsection G.S. .jl& One officer (G.S.O. 3), one clerk.

At H.Q. L. of C. Map Sectiod One officer (G.S.O. 3), one clerk.
No transport was allotted, but in the first month of the war a boxcar was obtained from the Base, and at the sameréimkegnveas secured. In
March, 1915, the officer in charge was advanced to G.S.0., 2nd Grade.

The officer in charge of the L. of C. Map Section, Lieut. O. E. Wynne, R.E., remained until November, 1914, organisstenthef syap depots
and Base supply. He was then transferredtierovork and left Q.M.S. J. F. Clemons, R.E., in charge. The organisation and staff of the map depots
are given in Chapter 2, Section IlI.

The work of Maps, G.H.Q., increased greatly as soon as the war settled down to trench fighting. When field witrkveedartunately possible to

put it from the outset into the capable hands of Captain Winterbotham, but the office work of general superintendermealymap\dsion of

technical stores for the growing Survey units, working out of establishmehtodorth had by 1917 increased far beyond what a single officer could
satisfactorily handle.

In October, 1916, Captain Field acted as officer in charge of map supply, his appointment being sanctioned in the faljowsimd)iMNovember
Lieut. Allinghamjoined as Equipment Officer, being later (April, 1917) borne on the establishment of the Depot F.S.C. In January, 1916, the
establishment of clerks had been increased to three.

The staff at G.H.Q. was thus, from the beginning of 1917, three officersGn®. 2, one officer 1/c Map Supply, later made G.S.O. 3, and one
Equipment Officer), three clerks.

In May, 1917, the officer in charge was advanced to 15t Grade.

In August, 1917, Lieut.Colonel Winterbotham joined Maps, G.H.Q., as Technical Assistatibgo@n increase of establishment to allow of that
post, but unfortunately he was ordered to Italy in October and did not return until the following January. The finatiorgahidaps, G.H.Q.,
began to be formed about this date, though sanction wasa®ved until June, when the following establishment was approved

G.S.0. 19 Colonel.
G.S.0. 30 Map Supply.
Attached:
1 Lieut. Colonel, Technical Assistant.
2 Majors. Advisers in Sound Ranging and Cross Observation.
1 Captain, Personnel.
1 Subaltern, Egpment Officer.
28 Clerks, Draughtsmen. Storemen, etc.
Transport (with 12 drivers):
3 Touring cars.
3 Boxcars.
2 3+ton lorries.
1 30cwt. lorry.
1 Motor cycle.
making a total of 7 officers and 40 other ranks on establishment.

In addition to theabove, two officers (Assistant to the O.i/c Map Supply and Adviser in Geodesy) and about 10 other rank from the Depot F.S.B.
were constantly employed on G.H.Q. work, so that the total of the G.H.Q. Survey Staff at the end of the war may bedéiearaard 50 other
rank.

The officers who held the above posts were as follows

Officer in Charge, Colonel E. M. Jack.

Technical Assistant, Lieut.Colonel H. St. J. Winterbotham.
Sound Ranging, Major W. L. Bragg.

Cross Observation, Major H. H. Hemming.

Map Suply, Capt. E. E. Field and Lieut. Whitby.
Personnel, Cart. G. Carlyle.

Equipment, Lieut. G. A. Allingham.

Geodesy, Lieut. G. T. McCaw.

It will be convenient here to summarise briefly the work of Maps, G.H.Q. It comprised the following duties
General supentendencef technical work.
Technical advicen survey questions to other branches.

Mappingd Control and ceordination, allotment of areas of responsibility, map policy-o8tination of trigonometrical work was tackled seriously
only towards the closef bostilities.

Map Supplyd All questions connected with publications of editions, reproductioviy., O.S., or O.B.0O.S., records, and map supply in bulk. (For
details see Section Ill.)

Sound Ranging and Cross Observaiioevelopment andrganisation on technical and military lines. Training, research, allotment of Sections and
Groups.

Personneb The Personnel Branch acted as technical advisers to the A.G., and were concerned with obtaining and allotting suita#l|e person
officers and dter ranks to the Field Survey Battalions.

Storesd Supply of all technical stores. This included in many cases design and arrangements for manufacture. Responsibilitywfas saofined
to the special stores (i.e., N.1.V. stores) required for suneeyndsranging and cross observation, but in order to be ready for sudden emergencies
approval was obtained for holding in the G.H.Q. store a certain reserve of ordinary vocabulary stores.
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Technical Literaturéd Technical pamphlets on Sound Ranging and CBdxservation were prepared and issued, and handbooks for future use were
put in preparation. Technical literature of foreign survey organisations, allied or enemy, was as far as possible goatietbah of work was also
done in connection with artillgiwork as affected by survey, as, for example, pamphlets on methods for artillery survey and artillery procedure in
connection with sound ranging and cross observation.

Conferencesvere held from time to time between Maps, G.H.Q., and the officers commanding F.S. Battalions. These were usually with a view
settling questions of technical methods and organisation of the survey units.

Liaisonwith allied survey organisations was mi@ined by occasional visits by various members of the staff.
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SECTION Il.8 SURVEY IN THE FIELD.

1. Material already available.

In order to understand properly the problem of the production of large scale maps for the British Armies in Frances#as toedescribe shortly
the mapping material that was already available in the area occupied; that is to say, in Belgium and the northermpart of Fra

The trigonometrical problem is not dealt with here. It will be found fully discussed in Appendix .

In the list that follows, small scale maps are included. These do not affect the question of large scale maps, excelfexteatsmwhich they
were used for enlargements, but it is convenient to give them, and so make the list of material complete.

Material Existing Before The War.

Abbeville

<]

aﬁ"‘%
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Belgium.
(a) Small Scale.

A complete series of 1/250,000 and 1/100,000 sheets covering the whole of Belgium, and prepared on the basis of thEOB&@@rhad been
prepared at the War Office before the war.

(b) Large Scale.

Belgium is covered by a complete series of 1/40,000 and 1/20,000 sheets, which show topography and ground forms ih §hesinustavas at
first considered to be quite good enough for all requirements. Subsequent investigation showvestjthiegd considerable revision in parts, but it
remains on the whole a good topographical map. The plates of this map were all salved from Antwerp, and were therbferfeapailting. The
original drawings on 1/10,000 scale were also saved, anttfrese drawings plates were made when required.

France
(c) Small Scale.
The maps available were as follows :

Produced by the French General Staff
1/200,000, coloured and contoured.
1/80,000, black with hachures (published also in an enlarged edit&h000).
Produced by the Ministry of the Interér
1/100,000, coloured, with ground forms indicated by shading.
Produced by private firnds
Motoring and cycling maps, such as the Taride 1/250,000, the Michelin 1/200,000, etc.

A new topographical mapptoured and contoured, was in course of production by the Service Géographique when the war broke out; but no part
the published portion of this map fell within the area occupied by the British, except when we were on the Aisne. Tloisldhaptdie onfused
with the 1/50,000 enlargements of the 1/80,000, which are published in quarter sheets in black only, like the origdtal 1/80,0

(d) Large Scale.

Plans Directeur$d The only French large scale maps prepared for war purposes were the IRtatmed3irecteurs; a series of topographical maps,
surveyed on 1/10,000 and published on 1/20,000 scale, covering an area along the frontier and the northern coastcartdiarfautrdsses. These
are excellent topographical maps, printed in blackh a¢curately drawn contours. They suffer, however, from lack of revision, and contain certain
errors

Cadastral Plan® The whole of France was mapped for revenue purposes, between the dates of (approximately) 1810 and 1850, on the scale of
1/2,500. Each acomune was represented by a different survey, and was completed in a number of separate parts (from two to eight, élceording to
area). Three manuscript copies of the original surveys exist, and these copies are kept as a rule at the Maine of thar@aahtheriRevenue

Office of the chief town of the Department. Their survey value varies. Some have been found exceedingly accurate, svblilevott@nsiderable

errors. For purposes of reference a diagram to the scale of 1/10,000 was made of eacle celnowing the relative positions of the various portions
which were surveyed on the larger scale. These indexes were made from hand reductions of the originals, and arethsrssubEoaiate nor so
detailed.

This original cadastral survey has nekieen published, and only in a few cases has it been revised. After the abandonment of the new cadastral
survey of 1899 (mentioned below) a certain number of the old plans were revised, and some of these fell in our arenetsee Albert. But

the great bulk of these plans show the state of the country as it was in the early part of the nineteenth century thisspitér eflue as a

foundation for a modern map is great. The chief topographical features, such as roads and rivers, havweechéitttge while all proper boundaries
can be clearly traced between the different areas of cultivation. With the aid of air photos these maps can conseqoegitiyuyetb date with

little difficulty.

In 1899 it was decided to begin a new cadastrevey of France, but little was done before the scheme was abandoned, and the number of modern
cadastral plans is so small that no further mention need be made of them.

Most of the topographical maps of France ultimately rest on the old cadastrallptanss t he skel et on of the 1/ 80,
compiled from them, though much new survey had to be done in order to complete the map. The other plans and maps nosntoaeddst
invariably based on the 1/10,000 indexes to the Commumaé$s.

Railway, Canal and Road Pla@sRailway and Canal Plans are available practically everywhere. They are usually, however, only compilations, anc
the compilation is often not above r epr oa c forconstluaion, rathergharearsuneey oftbe g e
finished work, and cases are frequent in which the actual trace of railway or canal is found to differ materially fimentiathge official plans.

As material for accurate large scale mapping, therefitite,is to be got from these plans, and it is best to neglect them altogether if air photos are
available of the area in question.

In the majority of cases, however, the plans are accompanied by profiles, which add considerably to the data acaifableifag. In one or two
cases they had been contoured in the field, as, for example, the excellent plan of the Canal du Nord from Douai to Peronne.

Mining Area Maps In the coalfields the various mining companies had produced maps based on thecaitzisahl surveys, and amplified by
additional work on the ground. Some of these plans were of great assistance, but difficulties arose occasionally flasrothefipcojected
villages, railways, etc., which had never been constructed.

2. Early Surveys by Field and Tunnelling Companies.

Surveys, usually on a large scale, are a common preliminary to most engineering undertakings. They are as necessarpenearaw to the
military as to the civil engineer. For this reason a surveyasrisebon the strength of each Field Company, and every officer of the Royal Engineers
is trained in Survey work irrespective of whether he is destined for a purely survey career or not. For the same rqagonehedd the Field
Company includes a fewupely survey stores (such as the service plane table).

From the beginning of the war Field Companies produced sketches and rough maps, and from the time when, in Octobdind ®&¢athe more
or less stationary, they made, revised and issued laateans of the trenches held by the division to which they belonged. When F.S.B. maps
became general the Field Company surveyors usually started with an enlargement of the Field Survey Battalion mapniaidmatezbwork on
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it, and kept it up to da, issuing copies to the staff and to relieving troops. By the close of 1915 good If 10,000 trench maps were everywhere
complete, and from that time onwards original surveys were rarely done by Field Companies.

In the early days before the field surveytsinvere raised, Field Companies were thrown on their own resources and made maps and sketches on
various scales and of various degrees of accuracy. Most important among these plans were those which dealt withetieefronetinAs a general
rule these surveys were done with the prismatic compass, but occasionally the plane table was also employed. An example airkadiosigiew

the plane table was a sketch survey undertaken by the 23rd Field Company after the battle of the Maine, on thesOb&més.dThe object of this
survey (which proved exceedingly valuable) was to direct enfilade machine gun fire on a portion of the German fronpliaee Thlele was

oriented on the pole star (with a correction for azimuth).

Another example of Field @npany survey was the compass traverse of the trenches from a point west of Laventie to Neuve Chapelle, carried out
Captain (now Lt. Col.) Pears. Other surveys were made of second and third line systems and of strong points. No deignicibe seeaally
along our front line. One might mention in particular those of the 7th and 8th Divisions.

Early in 1915 two young LE. Officers were killed whilst attempting to map the trenches by compass bearings.

There were in various R.E. units many officers & @orps who had been engaged on the surveys of the British Isles and of India. Where they had
been posted to Field Companies, surveys of a higher order were generally made. Both North and South of Bethune suehesparégslarly
noteworthy. In thedtter case Major (now Bt. Lieut. Colonel) Russell Brown mapped a considerable area on the plane table, and afforded valuable
information and help to the artillery in that region. North of Bethune Captain (now Bt. Lt. .Colonel)

C. M. Browne (from the Survegf India) made an excellent map of Givenchy and the Indian Village.

Such surveys, however, depending upon their own bases and azimuths, and differing in scale and character, can nglerdakesyisematic
mapping of the whole area of operationkeTirst essentiél the dependence upon a general ruling triangulétismabsent. Discrepancies on the
mutual edges cannot be adjusted without fresh original work. This fact has been proved often in practice.

In February, 1915, the positions of the statiohthe French national triangulations had been received. The 1st Ranging and Survey Section had
started a systematic survey, and a circular was sent to all Royal Engineer ,units asking foojiaton in mapmaking, and stating that the
triangulation and levelling data for our theatre of operations were in our possession and would be sent to anyone who would usecihararThi
elicited no response; this being due, no doubt, to the fact that few Field Companies could devote much time tarttiéhastge temporary officer
who was replacing the regular in the lower ranks did not possess his training or knowledge in survey matters.

The formation of Tunnelling Companies brought a new impetus to the question. Trench survey of a high ordexcyflamcame essential. As an
instance of the necessity for such surveys the mining operations opposite Albert may be quoted. When this area waértakeheotreench little
knowledge of the positions of the various galleries relative to the Gernmshéewas available. A survey was immediately begun by the 3rd Field
Survey Battalion, but with the small number of surveyors available it was found impossible to cope with the demandg feumniyis, and they

were taken over by the officers of the Tefling Companies, many of whom had much experience in this work. These mining surveys were naturally
on a very much larger scale than the ordinary trench map. Small local surveys on scales varying from 1/5,000 to 1/gédifthererand were

made generdly wi th the minerdés dial, or with theodolites provided wit!tl

As mining gradually decreased in importance so did these mining maps diminish in number until by August, 1917, origisahtenwas
confined to field survey units.

Onemay say in conclusion that much good survey work was done both by Field and by Tunnelling Companies, but that theesa sei6feys
was invariably ephemeral, because they were not made in consultation with Field Survey units, and were not basetliiapgulation.

3. First Field Work by Survey Units.

The first attempt to produce a large scale map for general use took the form of an enlargement, to 1/20,000 scal@,0ffGHeei8h General Staff
map. Though this enlargement (which is discussetttail in Section IV.) proved to be of no use for accurate work, it was thought that it might
provide a sufficiently good basis to allow of its being revised on the ground, in the same manner as are the Ordnan@pSwivByeat Britain.
Had this ben the case much time and labour would have been saved, as it would have been unnecessary to carry out a triangctetiptetnd a
topographical survey. A short trial proved, however, that the enlarged map was useless for the purpose of revisignit(de oh¢éhe errors and

the difficulty of selecting any points which might be taken as accurate made such methods impossible. As a finalaaiéose av&rs run, closing on
itself, and covering about ten miles of road, from which attempts were mezlése the whole country in the neighbourhood; but it was found that
this practically amounted to a resurvey. Consequently, it was decided to make an entirely new map on the scale of.1 in 20,000

4. First Survey.
(a) General Scheme.

(a) When the construon of large scale maps of Northern France was first undertaken (by enlargement of the if 80,000) it had been decided, as a
matter of general principle, to make them form an extension westwards of the Belgian 1 /40,000 series and to adheee sbgbeasid scheme of

that series. Full records of Belgian mapping and triangulation existed, and the adoption of the Belgian projectionlmed shestised a

consecutive series of maps stretching as far as the German frontier. This scheme was corsgigeiettiio when the survey on the ground was
started, and the work was undertaken on the basis of 1/20,000 sheets.

The scheme of nomenclature adopted was as follows: The four 1/20,000 sheets which covered the area of a 1/40,000s8hedt\véve N.E.
S.W.,, S.E. Later, when 1/10,000 sheets were introduced the four sheets covering 1/20,000 sheet were numbered 120,083wAslthus called,
for example, 28 N.W., and a 1/10,000 sheet, 28 N.W.3. In addition the sheets were usually given nhames.

(b) Area Undertaken.

(b) The British front at this date (December, 1914) extended from north of Ypres to Bethune. The sheets involved werar2V p8éidns of 28,

36, 27A and 36D. The British area thus fell partly on ground covered by Belgian malysop#&rench Fortress Plans Directeurs, and partly on the
country of which no maps existed, except the French 1/80,000. These circumstances, combined with the fact that ai tie daticipated that
the war would last for several years, were goirgy factors in the method of conducting this first survey.

(c) Principles Adopted.

(c) It was decided to accept the Belgian maps and Fortress Plans Directeurs as they stood, and to survey and maprtoé tresreaiea érom the

front line to about temiles west of St. Omer, and to carry this survey out as quickly as possible, the idea being to provide a good working map in
time for it to be of use without going into refinements of accuracy. Among the provisions made to ensure speed werothefadietas in the

towns and of. many minor hedges and ditches, and to do no contouring in the field. As the country to be dealt with athsewdibt, this last
provision was possible without affecting seriously the value of the map.
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(d) Execution.

(d) The first step was to secure the latitude and longitude of the points of the French Triangulation and to calculategiianeeordinates, on the
Belgian Bonne projection, which corresponded to these geographioadicates.

Work in the field steted on the 25th of January, 1915. Each plane tabler was given one third of a 1/20,@@stiégto say, an area of 20.6 square
miles or 207 square inches to complete. On the 28th of February the material was complete and all field sheets weteddheaBaddnance
Survey for reproduction.

(e) Remarks on Result.

(e) This first survey produced the second edition* of the sheets in question, the first edition having been the redyewenieom 1/80,000. The
sheets were the 1/20,000 quarters o&@d 36A, with 27A N.E. and S.E., 36D N.E., and portions of 28 S.W. and 36 N.W. and S.W.

This edition had numerous defects. The hasty methods of survey described above could not result in the highest adberdcawangiwas of a
corresponding naturep that the sheets produced were coarse iii comparison with the fine maps produced later by Field Survey Battalions. Apart
from this, certain errors crept in for which the surveyors were not respdnddslexample, there were clerical errors in soméniefgeographical eo
ordinates supplied from Paris. One such case occurred at the southern end of our line and caused detail on the nlaped by alispt 150 yards.

In another case the original trig. point had been replaced by a new church towetpbeito, but not on the site of, the old one, which caused an
error on the map of 50 yardslt should be noted that this edition did not in all cases bear the number 2 (see Chap. 2, Section Ill., 14).

In spite of these defects this survey was a vesptgadvance on the previous maps. Its effect on artillery methods was at once apparent, and its
comparative accuracy gave rise to renewed demands for a more accurate map of the territory in German occupation.

It should be noted that at this date the vaitihe old French cadastral plans was either unknown or not appreciated. No use was made of them in tt
first survey.

5. Further Surveys.
(a) Extension to South and West.

(a) The principle having been adopted that survey in the field was necessaryyélyebsua to be continued with each increase in the British area.
Whilst the first survey was in progress our line was lengthened towards the south. Additional area was taken up, titeetfitve same time the

series was extended westwards to G.H.Q@riter to include training grounds, etc. For these subsequent sheets time was not so important a factor, ¢
the survey was carried out with greater care and with a higher order of accuracy. Contours were surveyed on the gsamd tirtbes the déta

This survey holds extremely well m comparison with work done still more thoroughly in 1918.

(b) Revision of Calais Plan Directeur.

(b) The 1st Ranging and Survey Section having been largely reinforced with surveyors. from England or from units, ith&raahditional

personnel made it possible to start at once on a map of Calais which was required. Calais is included in one of tReaRdiresteur Series, but

new camps, railway construction and other works made it imperative to have a gagutarthte map. The originals of the Fortress Plan Directeur
(drawn on a scale of 1/10,000) were secured from Paris, and in April, 1915, the revision of these was begun. Curicere déotard veome of

which appeared to be due to a discordance inidygpints, and to a subsequent equation of intervening detail. The map of Calais was completed in
three 1/10,000 sheets, based not upon the Belgian Bonne, but on a Cassini Projection, whose origin was Notre DanTéhent@atajsortion of

the work wasalso published on the 1/5,000 scale, by enlargement from the revised 1/10,000.

(c) Revision of Sheet 19.

(c) It was decided next to revise sheet 19 lying to the North of our area, and to fit it t the Belgian Sheets, whichtaffagtemn edge. Thiteet is
covered mainly by the Fortress Plan Directeur of Dunkergque, which was found to be exceedingly accurate on the wholmufds®of new
railway construction, and a good deal of recent detail around Dunkerque were added, not without alsienaideunt of opposition on the part of
the inhabitants. This work was completed in May, 1915.

(d) Revision of Portions of First Survey.

(d) In March, 1915, the battle of Neuve Chapelle advanced our line to some small extent in Sheet 36 S.W., anthsiag snd the original
error mentioned in paragraph 4 (e), it was decided to revise that portion of the original survey which stretched frortoBethemige. A portion of
the personnel was employed on this task, therefore, which was completeglist A

(e) Survey of New Areas.

(e) The situation in the summer of 1915 was that the Second Edition was available in Flanders, that a few GeneratStaffpseaxisted in the
First and Second Army areas, and that in the new Third Army area therEnemch Plans Directeur which had been prepared by the French Army
previously holding that portion of the line.

In July, 1915, the Third Army was formed, and took over an area south of Arras previously held by the French. The dfffgida@nd sheeirles

used by the British and the French and various differences in the interpretation of the topography made it necessatlyiscsemmaf the line.

This work was immediately put in hand by the 3rd Topo. Section, together with the survey of theeaeaf the first line not touched by the

French. The same process was repeated when, in March, 1916, the Third Army took over the Arras sector from the 10tmy;réveBrArF.S.

Co. mapping the area for which they were responsible, while tie3.€. extended their surveys southwards to meet them. Similarly in July, 1916,
the 5th F.S. Co. found itself, on its formation, with a new area which required survey. It was at this date (early hiatl®ddgdtral plans were used

for the first time a® basis for planetabling. The plans, which were copied and reduced to 1/20,000, were compiled on a planetable and sent out fc
revision. The consequence was a topographical survey not more accurate in the open rolling downs, but considerablyatagre@gcalose

intersected valleys and in the interior of towns and villages., not produced by Survey units.

(f) Revision of French and Belgian maps.

(f) While most of the Field Survey Companies were occupied to a large extent with survey otk gh® northern Compadythe 2nd whose
area lay wholly on Belgian maps or Fortress Plans Directeurs, made a study of these maps and found that they wereofuseeiptible
improvement, either by revision of detail that was out of date, or correctioroo$ ef topography and of plotting. This work was therefore
undertaken, partly in the field and partly, with the aid of air photos, in the office.

6. Survey of Back Areas.
(a) Commencement in 1918.

(a) During the war the importance of surveying the area in rear of Armies was realised, but lack of personnel and gheapuessihother work
made this impossible. Consequently the German attack in the spring of 1918 found us unprepared ircthBuepe was driven back in the
south to the extreme limit of the area that the Field Survey Battalions had been able to map, and in some cases begamedmiperative to
prepare maps of the back area at once, in case of a further retirerdehtsamork was put in hand in April, 1918, the Depot Field Survey Battalion
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being charged with its execution. Fortunately at this time a number of topographers had recently been sent from Englentiedddsv
reinforcements. The presence of these méth, a number from the 5th F. S.B. (temporarily out of action), enabled the work to be pushed on rapidly.
The 3rd F.S.B. undertook six 1/20,000 sheets, and two were later completed by the 5th F.S.B., the rest being done tby the Depo
(b) First Methods.
(b) The Survey was carried out, as in previous cases, on the 1/20,000 scale. The method adopted for this work is irtensstirggies, as it was a
combination of ground survey and air survey. It enabled a reliable map to be produced in a remarkadpgch of time.
The method followed at first was as follows
(1) Trigonometrical world A rapid test of the triangulation in the sheet, and the addition of a number of subsidiary points and heights.

(il) Topographical Skeletod The addition, by topograpteusing planetables, of a number of cross roads and other points of detail easily
recognisable on the cadastrals. These constituted a sort of fourth order of triangulation.

(iii) Cadastral frameworl® The compilation of cadastral plans on the above tojpdigal framework.

(iv) Supplying detaid Detail was filled in on this framework mainly from air photographs. Where these did not exist or were doubtful
men were sent on to the ground.

(v) Contouringwas done by topographers on the ground.
The rapidity of his work depended largely on the supply of good photographs, and-tiperaiion of the R.A.F. was essential.

The first four sheets produced under this system were done at very high pressure, as it was possible that a furthemiglitéraea to takplace
at any moment. Each of these sheets took, from the time that work was started to the time the finished drawing wageehtdibon, on the
average 18 days. The result was a map which, though far from perfect, was on the whole reliabteeanitiimstances would have been
invaluable to the Atrtillery.

In theory the above system (i.e., based on planetable control) was sound, but in practice it did not work perfectiypdissiatei always to be sure
of the cadastrals, either in the matiéscale or accuracy. The planetablers moreover were not. infallible, and occasional mistakes occurred, which
caused doubt and waste of time.

The remaining sheets were done under less pressure, as it became evident that the enemy was not in arstatéatthedvand the opportunity
was taken to benefit by the experience gained in. the early sheets and to modify the system of control.

(c) Later Methods.

(c) In the later sheets the work of triangulation was very largely increased, and the countgligventared with a network of triangles of about
one mile side. The next problem was to identify the positions of these trig, points on the cadastrals, which was rethan sittgqge matter when it
is remembered that the cadastrals were made befewas any trig, control, and that in many cases the detail was wrongly shown or had changed

Each trig, point was examined in relation to the adjacent detail. If the detail appeared to be truly represented,nted fhesjpioint in relation to
thisdetail was fixed by short linear measurements, and plotted on the cadastral (which was printed on tracing paper).lly fasdguassible to
fix at least two points on each cadastral.

The cadastrals were then fitted on to the compilation sheet hysméthe trig, points only. If an individual cadastral did not fit it was evidently due
to one of the following causes: (1) Incorrect scale, (2) Faulty cadastral, (3) Faulty recognition of detail from whghpthiettivas fixed, (4)
Alteration of deail since the cadastral was made. As a matter of fact little trouble was experienced, and the cadastrals on the wiglevited

This system led to a marked increase in accuracy, and to a great saving in time. The extra time spent by thenrigaxgylatis more than
compensated by the time saved to the topographers who formerly fixed the cross roads. Under the later system the tapmgthpliietd with the
cadastral compilation as well as the trig, points plotted on their tables.

The initial steps of the survey on this method were thus:
(1) Trig. workd An extended triangulation by which points were fixed at intervals of about one mile over the area.

(i) Plotting points on cadastrald Identification of the trig, points in relation to déf@nd plotting their positions on the cadastrals. This was done
concurrently with (1).

(iii) Cadastral frameworld The compilation of the cadastral plans on the above trigonometrical framework.

The later steps were the same as under the old system. litenmagntioned, as bearing on the general question of survey with the aid of air
photographs, that it was always necessary to do a considerable amount of work on the ground, apart from contourindsRfieéograpertain
questions, such as the possiblegence of small streams, information that is uncertain, and no information on others., such as height of banks, roa
classification and names. These points have consequently to be investigated by the surveyor on the ground.. As thie worleczaonauently

with contouring, it does not entail a great increase in the time taken.

The experience of this back area survey will be referred to again when dealing with methods of compilation in Section IV.
(d) Organisation, etc.
(d) Subjoined are details ofdtorganisation, numbers employed, etc., which may be of value for future surveys.

(1) Triangulation A party consisted of two officers, one batman, two computers, a driver for one car, and a cook. Each 1/20,000 shg#éeteds com
as an entity, on the gnad, and the trig. values were despatched to Headquarters.

(il) Topography Each party consisted of four topographers and a cook. They were billeted centrally in a sheet and rode bicycles theind from
work. Learners were often added to a party, arddtworked alongside the more skilled surveyors and carried out a duplicate of the work.

(iii) Fair Drawing. With one or two exceptions, all fair drawing was done at Headquarters. As each topographical party completed a sheet, it wa
moved toHeadquarters, With a view to discussion between topographers and draughtsmen. In some cases draughtsmen were agdoded for a p
field topographical party and topographers were attached to the drawing office, in order that a closer liaison ffieaeed field might be
established.

(iv) SupervisionThere were generally three triangulation and four topographical parties in the field at a time. Each party was vibitby theek
O.C. Depot Battalion.
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(v) ReproductionAll maps were reproduced llye Overseas Branch of the Ordnance Survey. Considerable trouble was experienced in making plat
that would register well, because the fair drawing for each colour plate was generally done in several pieces in @diengotsaconsequence

being that unequal distortion in the paper occurred. The detail and water were generally drawn together, but as the contouws o shparate

sheet, it was often necessary to pull a blue impression from the detail plate which contained the gridopintthise phot ogr apher 6s

up the contour tracing into as many as twenty pieces, and superimpose these with the grid lines fitting.

(vi) Personnel.

Trig. Officers 6
Drawing Officers 1
Trig. Computers 12
Topographical Surveyors 25
Draughtsmen 20
Batmen 4
Cooks 8
Motor Drivers 4
Total personnel 80

(e) Area Surveyed.
(e) The total area surveyed and mapped from t hedibhroummumbdrdat fAback

Area completed and published 2,180 sg. km. (1)

Partially completed 4,810 sg. km. (2)
00000000
6,990

(1) Of this 640 sqg. km. were done by 3rd F.S.B., and 320 by 5th.

(2) Of this 320 sqg. km. were done by 3rd F.S.B.

Theresults of this work have all been handed over to the French, and constitute a valuable addition to the topographg Bfanacther
For diagram of area surveyed during the war see p.

7. Traverses.
(a) Reasons for Adopting.

(a) Throughout the war effortgere made to confine survey as much as possible to interpolations from already established trigonometrical points,
rather than to rely on fixing positions by original measurement of length. The reasons are precisely those which hihgerigddactio of

interpolation on the plane table in contradistinction to traversing or to too much reliance upon intersection. The adi/anteagetation are briefly

that the error of one point is not taken forward to the next, and that the whole is in tutfeewittponometrical control, even if it is not of highest
relative accuracy. This explains why traverses were not more numerous, and why new surveyors were warned particuldrgnagainst

Nevertheless, in many cases, traverses were found necessarnt®lairigof trig. control or to topographical difficulties.

The traverses done may be divided into three cladses :

(a) For independent surveys for particular ends, as, for example, for Sound Ranging bases or for battery survey.

(b) For amplificationofth di rect contr ol in difficult country, in order to pr.
(c) For topographical purposes only, the accuracy required being that sufficient to keep within the limits of plottable error

(b) Traverses for Becial Purposes.

(b) It occasionally happened that the surveys of Sound Ranging microphone positions done by direct interpolation veeféaientorfelative
accuracy, and it was necessary in consequence to resort to traversing. Such traversesedaratasith a 4 inch micrometer theodolite and a 300
foot or 100 metre steel tape. It is to be noted that the accuracy required in this case is greater than can be setemnséd by Tatheometric

methods. Distances were taped twice, and angles neelasmione face on each of two separate arcs. In two or more cases, the azimuth was
determined from sun observations, and the whole survey was placed in position by such trig. interpolation is or tridraulgtmback as was
necessary. These surveysally took 6 to 7 days. As Sound Ranging bases were often close to the line, the work was dangerous and often interru
by shelling. In consequence of this, on one occasion a base accurately surveyed in itself was. placed about 100 yangssitoongelative to the
map, and to the hostile batteries as shown thereon. As a general lesson it may be said that traverses near the hree bhaekbnied to if it can

be helped, because they take too long and axe apt to get out of sympathy witip tAeawverses for battery survey were fairly frequent; as they were
shorter and generally carried out under cover, the same objections did not apply. It should be noted, however, thas isomtiecaheck is essential,
even if it be only a bearing chefilom the last point of the survey.

(c) Traverses to Amplify Trig. Control.

(c) Traverses to amplify the trig, control were carried out in districts where the front line lay in woody and diffictit, @ndhinterpolations were
impossible. An example the traverse from Bethune to Fleurbaix. This survey, which was carried out in four working days, was an invaluable aid ir
subsequent battery and location surveys. The points were carefully marked and described, and were recovered on mahpstdseguether
traverses were made for similar purposes, but not always with the same care and value, because of the tendency tintsaskdhegral to make

a description which included no measured distances. It is to be noted that traverses for feegb@yxtending the general control cannot be safely
done by subtense methods, as these do not provide the necessary accuracy.

(d) Traverses for Topography.

(d) Traverses for topographical purposes were carried out wherever dense wood or other causteypadaten impossible. Such traverses were
run through the Forét de Nieppe through a forest seas of Cambrai, and in many other places. The accuracy required was that sufficient to
introduce no plottable errors. In our service subtense methodsiatansed, but they might have been with profit and advantage, as they are
admirably suited to this class of traverse.

24



(e) Tapes.

(e) The tapes used were either steel or metallic woven linen. At first tapes divided in feet were used, of stock pastenetfiitinits came more
into use tapes divided in metres and metric subdivisions gradually replaced the others.

It may be noted here that where rapidity of work has to be combined with accuracy, a& is usually the case on actigeeveeywceyvenient

method of providing an automatic check with the least possible loss of time is to have tapes graduated in differeptnoeiite{sand feet) on
opposite sides. This was not actually done during the war, but on many occasions such tapes would dlayeheealue. In the case of steel tapes,
on which experience showed that it was best to mark the divisions with brass tallies rather than by engraved linasctiedhbdifficulties arise,

but these might be met by some other method of marking.

The following notes refer to tapes actually used in the war.

The chief points to notice in the pattern of the steel tapes used were the following
The tape should be not less than 3/8 inch wide; 1/4 inch was found to be too weak.
Divisions should be marked liyass tallies, not by etching, which becomes illegible in mud.

It is sufficient to subdivide the terminal units only; if the divisions are in feet into tenths of a foot; if in metregcintetres, and the final
decimetres into centimetres.

Thetape should project about a foot beyond the end divisions, to allow of its being shortened in case of a break.
Handles should be double swivelled. Each tape should have a drum, made to fit, and of about it inches diameter.
The steel tapes supplied wenestly 100 metre or 300 ft. A few 30 metre steel tapes of similar pattern were also provided.

The linen tapes were of the usual 100 ft. O.S. pattern, or of 30 metre length, and divided on both sides in metres/rd/rthrandhout. The usual
leather ba for rolling the tape up was supplied, there being an excess of tapes over boxes.

Repairing sets for steel tapes were supplied and proved useful.
All tapes used were made by Chesterman.

8. Subtense Methods.
Tacheometry and subtense measurement were aiseriefisuring short distances in original surveys and for topographical purposes.

The above terms are used here in the sense laid down in the Textbook of Topographical Samwely, tacheometry for measurement with a fixed
angle on a graduated bar and suise for measurement of the variable angle subtended by a bar of fixed length. Both are, strictly speaking, subten:
methods.

Subtense methods (using the term in the general sense) give an order of accuracy which is sufficient only for the me&shoenaert final
distanced that is, those upon which nothing else depends. These are eminently suitable for some purposes, and have been moetopadeiy dev
America and British Overseas Dominions than in England. They have not been so closely stBdighbyilitary surveyors. The survey in France
did not on this account lose as much as might appear at first sight, because the method of tacheometry, for examplee qgoaktised near the
front fine, since it is necessary for a man to standghphoth at the instrument and at the pole or staff. There were, however, undoubtedly many
occasions when these methods might have been used with advantage.

Tacheometers manufactured by British instrument makers are (owing no doubt to the comparatitefrtaglenethod in this country) as a rule
clumsy, heavy, and of antiquated design. Owing to the difficulty of obtaining good instruments and good staves, stadieewiftes inserted in
diaphragms of theodolites at the H.Q. of the Field Survey Battgland in this connection the value of having an optician in such a unit is evident.

Tacheometer bars were made in practical fashion by dividing them on the ground on measured bases. This method ofitgshdulttiba,noted,
eliminates the correcth which is otherwise necessary when using an ordinary theodolite for tacheometry, because the bar is measured against th
true distance. These homeade tacheometer bars were of great value.

The experience of the war shows that it is advisable for insimitstused on a campaign o be provided with stadia wires.

For independent surveys near the line, subtense measurement is more suitable than. tacheometry, because the linarfed tieseneas be laid
flat and under cover. A subtense bar was takenythid1st Ranging Section of special construction, but following generally on the lines of the
Survey of India pattern described in the Textbook of Topo. Survey. This bar was used on numerous occasions to laytasearapiolty. For the
special purpse of the Ranging Section, which had to be ready in the shortest possible time to take observations from the endseuf baseasur
an aeroplane, a regular drill was developed by which the Section was able to measure a 1,000 yd. base and hdoeatseradsion within half
an hour.

For battery survey subtense measurement is very useful. The final leg of a traverse, or a simple bearing and distamterfrolatam, can be
measured straight to the pivot of a gun upon which a stadia rodtensatbar is placed. Taping for this purpose, it may be noted, is usually difficult
owing to the gun being under cover.

Mention will be found in the following paragraph of American employment of subtense methods with the planetable, theirestdisoded
graphically.

An artillery surveyor should be fully acquainted with these methods, as they are peculiarly applicable to his work.

As a general remark on traverses and subtense methods, it may be stated that our experience of the war showedstinaemilitang field

should, as far as possible, be based on the triangulation of the Field Survey Units and on interpolations from thabtriégutiense methods are
suitable for some purposes, but the training of the surveyor in undevelopedeuitidse survey is usually complete in itself, often leads him to
rely on traversing and subtense measurement, when interpolation would generally yield far better results. It is alsomgjtdediof the young
surveyor to complete his survey in itseithout thinking of the comparative uselessness (in many cases) of work which is out of sympathy with the
rest of the survey in the country. It is necessary to guard against this tendency.

9. The Plane Table.
(a) Employment in the War.

(a) The planetableas used in the British Army at one time or another for all surveys both in the back and forward areas. In the earliest days
planetables were used close to the fron@ifier example, one was sent into Neuve Chapelle on the day of the battle. The sunwegwih trenches
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was carried out by planetable from Givenchy to near Ssilhfa-Lys; a planetable was broken by a shell fragment on Fosse 9; the 23rd Field Co.
used one with a periscopic alidade in the frontline trench, and there were other cases.

It was, however, found extremely difficult to set up properly, and a planetable near the front line always drew fire. Wbtys dieplime available
(July, 1915) the planetable was no longer taken near the line for detail survey, though it was used lbct@stamtouring. Experience showed that
the best method was to use air photos controlled by instrumentally intersected points.

Air photos also had considerable influence on the use of the planetable in backarea surveys, the photograph supplyireydetst,aind the
planetable being used mainly to fix ruling points. This method has been described in paragraph 6.

The planetable was, however, still used near the front for the survey of Field Artillery batteries. For this work it laaly gmésgedpr it provides a
sufficiently good | ocation more quickly and mor e siesrpbleyortteritclaon any
counter battery shooting, and it is probable that its use will decrease in propottienfasllery learn to employ the director for this purpose.

(b) Technical Points.

(b) Most of the tables used were of the standard R.E. pattern, but eight were taken to France by the 1st Rangingheespieciafgattern

described in the Textbook @bpo. Surveying (p. 116). The feature of this pattern is that the table is a skeleton of wooden battens, while the paper
mounted on a sheet of aluminium, on the surface of which a piece of light linen of larger area than the sheet hasmaneadyeded he field sheet

is held in position and stretched taut by spring hooks, suitably placed under the table, which engage in holes in thieeclifgers dhis table has

the advantages that weight is saved, and that the field sheet is mounted inystiddt wiaanges due to humidity are avoided, while it can be removed
if required without damage, or it can (by rubbing off old work) be used again several times, as was actually done in the war.

Alidades were mostly of ordinary pattern, but ekcB.B. had at least one fitted with a telescope. The periscopic alidade made specially for the 23rd
Field Co. (Major Russell Brown) has been mentioned. It consisted of an ordinary sightvane with a periscope mountée éorivarttt end. The
standard pizern of alidade for the R.E. planetable has no parallel edge fitting, though this is considered by many topographesstasefal

adjunct. With the exception of the telescopic alidades, only three with such a fitting were available. These wergmatliat t s & Co. of
and proved thoroughly satisfactory.

(c) British and Foreign Methods Compared.

(c) French planetablers rely on the compass to a far greater extent than we do. Otherwise their methods are notrgreatydiffe had natig
to learn from them.

American planetabling methods, however, present several points of interest, and it will be useful to compare themtsbartipwritand discuss
the relative advantages.

British planetabling depends upon a skeleton of fixed ppprbvided practically always by the trigonometrical observer. The observer, intersecting
and interpolating instrumentally, as he carries forward his triangulation, provides a rigid framework of positions anavhigiglg not only of
immediate valuedr the survey operations of the moment, but remains available for future mapping on larger scales. The planetabldicities imp
on the trigonometrically fixed stations. The more ample this is, the faster and more accurate is the planetablingtaiie [garsed then entirely

for interpolation, intersection, and sketching in. A simple sightvane is all that is required, for no very distant pibio¢suseel. Stadia work is not
done, and the planetable itself is the simplest of all instrumentsnavijustments. The method is peculiarly suitable for small scale surveying.

Relying, however, as it does to a large extent, on sketching round interpolated points, and upon the identificatiesafiigziare to be fixed by
intersection from diffenat points of view, the British method demands great skill on the part of the topographer. In order to represent the
topographical features truthfully, and to attain to the maximum possible output, the topographer must have a long expenéniteplaetabling
generally, but also in work on the scale on which he is actually engaged. Such men cannot be improvised at short notice.

It has been mentioned that British methods of planetabling are suitable for small scale work. Before the war it wéameti@bte pn scales of more
than 2 inches to the mile, and the rule was x inch or less to the mile. During the war, however, the demand for lang@sdediéo planetable

survey on the scale of 1/20,000 (about 3 inches to the mile), which is rageefdathe British method. At this scale detail can be shown which is so
small that centreing, orientation, and actual measurement of short distances became important. The scale of 1/2@086astithialargest on

which the British method can, farsurvey done wholly on the ground, compete successfully with methods which depend on measurement rather tt
on resection..

American planetabling differs in principle from ours. Little emphasis is laid on the need for a full trigonometrical batitnel planetable work is
based instead on careful stadia traversing. Interpolation is the exception and not the rule. A planetable party isttmugllg duperintendent, a
booker, and two rod men. Sometimes a third rod man is added.

The American methaglare the outcome of large scale surveys with little trigonometrical control. They are cadastral rather than topognaphical. T
board itself is used merely as a graphic record of an instrumental traverse, and the detail is completed for a shyatisgithen side of the
traverse line.

The American system is unsuited to small scale work. At scales larger than about 3 inches to the mile 1 is more suitaliestation method,

and is probably much quicker. 3 inches to the mile or 1/20,000 is tifmatitical scale in comparing the two methods. At this scale there is,
considering survey on the ground alone, little to choose between the two for speed and accuracy of result, and tatongirthe acmber of men
employed. It has to be rememberhdwever, that in the American method the rodmen may be almost entirely untrained, and the booker or compute
may be any one who possesses a little mathematical aptitude; There need be no more than one expert surveyor in tiegiaran angortan

point.

There was, however, in the war, another factor which had a large influence on all topographical survey; namely, airghétiiogfaptiographs
supply to a great extent the detail which in their absence has to be put in by drawing or measuaréraagrband. Air photographs only require the
control of a number of isolated fixed points, and the British method is particularly suitable for supplying quickly foyatiter) a number of such
points. It is in fact eminently suited to a combined goband air survey.

The American method on the other hand has the disadvantage (for war purposes) that it is unsuited to assist in sushveynbezhase it
depends on traverse, and traverse is unnecessary for this purpose and too slow.

Hence for thescale on which survey was done during the war, namely 1/20,000, the British method is considered to have been sugahier. One o
chief lessons of the war, however (from the survey point of view), is the value of large scales, and the difficultyngf secifficient number of

really expert planetablers. On both accounts, and bearing in mind the possibility that with further refinement of nikldrogs stales may be
required in the future, it is a reasonable conclusion that the American metbladetfibling should be included in our war training.
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10. Interpolation.

Trigonometrical interpolation was very largely used during the war as a means of fixing position. A method of interpgjatonin the Text Book

on Topographical Surveying, anti\aho have studied that book are no doubt familiar with it; but on normal survey work recourse to trigonometrical
interpolation is rather the exception than the rule. The special conditions of the war, however, made interpolatiommb#hodusf fixirg. These
conditions incidentally introduced peculiar difficulties due to the obliteration or disfigurement of marks and to dottx agaot position of some

of them. Hence, to compensate for doubtful rays, it becomes customary to interpolate frany @oimts as possible instead of from the minimum of
three.

The subject is dealt with in the following publicatiods :

Notes on Tngonometrical Interpolation (3rd F.S.C., 191 7his gives proof and examples of eight different methods, with some usedalaro
their comparative advantages.

The Resection Problem (General Staff, | (c), G.H.Q., Nov., IT8jis gives three selected typical methods, including a graphic method of finding a
point whose ceprdinates are known. It is more clearly expressed asigeto follow than the first named work.

The problem of finding on the ground the position of a point whosedioates have previously been fixed is a development of the interpolation
problem. It had to be solved constantly for the fixing of microphmmretions, which in the British service were as a rule laid out at equal intervals on
the arc of a circle. The problem consists briefly of three operations

(1) Interpolation of a position as near as possible to the required point.

(2) Computation of thedaring and distance from the interpolated point to that whose position it is required to fix.

(3) Measurement on the ground of this bearing and distance.

A second resection was made on arrival at the supposed correct position. as a chEssiblyda second bearing and distance had to be computed.

11. Heights.

Whenever time and circumstances permitted, the contours of our own area were surveyed on the ground. This was doh&opdbeapsical
methods, namely, the drawing of formlineghathe aid of the Indian clinometer, based on trigonometrical heights and the bench marks of the local
levelling systems.

To be of use to the Artillery it was not sufficient for these form lines to show the form of the ground only; they hé&arto asmearly as possible to
true contours, so that they might provide accurate information as to ground heights. The degree to which they appiioatiuedethtally surveyed
contour depended mainly on the skill and experience of the topographer, andraa tifeoperations expanded the proportion of really skilled men
naturally decreased.

For example, the formation of Corps Topographical Sections including 3 topographers theoretically provided an oppoduinigysmme extra
topographical work, as thé&ing of field batteries for which these men were intended would not in quiet periods occupy all their time. Attempts were
made, therefore, to improve the contouring on various portions of the map. Actually, however, these men were as anyekibedenough for

this, which is almost the most difficult work a topographer has to do. Most of them had to be trained in the countmasantpivssible to produce

a really skilled topographer in the time available. Further, the officers of the Segtionso occupied with office work that they could do no
supervision in the field. Hence such contouring as was done by the Corps Topo. Sections was as a rule not of great value.

On the other hand some really useful work was done by some of the ObseBratipnofficers. With the development of observation for ranging on
the airburst, it became essential to know the exact height of the survey posts. These were determined instrumentaltiidodtblite) and the

height was occasionally found to disagvéth the local contours. The Observation Groups included many keen and zealous officers who had a goo
knowledge of topographical methods, and the result was a number of valuable additions to the map con tours in the meigiftsauney posts.

Thequestion of the various systems of levelling and their comparative value is dealt with in Appendix II.

12. Personnel.
(a) Officers.

(a) The position of the officer in charge of Trigonometrical work in a Field Survey Battalion was a most important oroeeaseld in importance
as the war went on. It require(L a sound professional knowledge and considerable experience. Every F. S. B. had asdesdanoiieqg, officer,
and similar qualities of professional knowledge were required of him.

During the var the rule was made that regular R. E. Officers were not to be employed in F. S.B., except in command. The choicefiifstgvey
was, therefore, limited to those who had had experience in civil life. Some excellent officers were Obtained thushamgregtigular mention
may be made of those who had had experience in the surveys of S. Africa, Ceylon, and the Federated Malay States.

Officers with suitable qualifications were also collected at the O.S. for this work, and put through a coursetémsind in 1918 a course was
given at G.H.Q., France.

As survey in the field is now recognised as a military necessity we shall in any future war, doubtless, have regulavaftitdéesvho have had
peace training for the work. For any war of théuna of a European war we shall, however, certainly have to supplement the supply from outside
sources; and those same sources will have to provide officers for territorial units. It is as well, therefore, here igeahepfead, amply proved by
experence, that it is essential to have thoroughly competent officers for this work; and that, consequently, those civilas sinveye earmarked
for it should have special training and experience on manoeuvres for the purpose.

(b) Other Ranks.

(b) It wasexplained in Section I. that the personnel of the original Survey Companies in England was distributed early in the wariao®ungits.
A number of these men were recovered. In many cases when they heard that survey was being undertakertlieyhepfitiied to be allowed to
return to their proper employment. Others had, however, already risen to higher rank in Field Companies or other ithits canttenot be spared
or preferred to remain where chances of advancement appeared greater.

Whenthe supply of Ordnance Survey men ceased, the Survey units were deperdlent on:

(1) Men with some knowledge of survey or topography in units at the front.

(2) Men trained at the Ordnance Survey.

These men were really the same material, but those who camé&frgland had already had a course of training at the O.S. This training was,

naturally, sound; the men only lacked experience.
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Men obtained in France were trained by attachment to experienced hands, or, in some cases, by regular courses dfddsyuétisiB.

Some very good men were obtained thus. As might be expected, however, the general level of the newer men was lowphioaiofugrdedge
and experience than that of the old Ordnance Survey hands

13. Survey for Engineering Purposes.

A certain amount of survey is included in many branches of engineering work, and it would be neither convenient nor econalirscghfeurvey
to be done by survey units. On the other hand much survey work was done in the war by other units which duesd ldeve by the Survey
organisation certainly more expeditiously and more economically, and in some cases with better results.

Instances of such cases are the survey of inundation areas, carried out by a party of Ordnance Survey men sent fratrsfgkiyd to work

under the Enginean-Chief; the survey of forest areas carried out by planetable, when at least half of the work was available in the Freath cadas
surveys; and survey of railways, roads arid mines, laid out without any referehedtrig,tpoints. The explanation of these cases lies, no doubt,
largely in the employment of colonial cadastral surveyors, who are accustomed to work without data because they linesnncadith none are
available. In France, however, full dataadifkinds were available; the Survey organisation was in touch with all sources of survey information, and
was in a position to advise on the most efficient and economical way of carrying out any large survey or levelling sthempe\éte whatever
material was available for the purpose.

In the interests of economy of effort, so essential to success in war as in all big undertakings, it is, therefore, niamsttirapall surveys which
partake of the nature of mapping, as distinct from the makiagptdn of buildings or works, should be referred, in the first instance, to the Survey
staff. Such a reference will ensure that efforts are not wasted through want of knowledge of what material already elsstshansuch surveys
are not only usefdor the immediate purpose for which they are required, but that they will also fit into the general scheme and befavtikable
revision of existing maps.
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Section Ill Production In The Office.

1. Production of Small Scale Maps.

The small scale mapssed in France were prepared entirely in England, and do not therefore come within the scope of this history. It will be usef
however, in order to complete the account of the maps used, to note briefly how they were produced.

(a) 1/250,000.

(a) The 1/28,000 (4 miles to 1 inch) which covered Belgium in four sheets and extended from Dunkerque to the Rhine, had been tivepdeed at
Office before the war, and was completed shortly after its outbreak. It was printed in five colours (outline, waterpadsdsd contours), and was
a firstclass map of its kind. This map was extended early in the war to cover the northern part of France down to about treedifttatiegle, the
work being done at the Ordnance Survey. To economise time a simfgerat/adopted for the new sheets, following to some extent the French
1/200,000 (e.g. roads were shown by a single red line). This series was based on a meridian to the west of that heéoptigéhdrfour sheets, so
that sheet lines of the new aoldl sheets fell at a slight angle with each other. The new sheets were printed in five colours, and formed a useful
addition to the cartography of the area, though, being produced at speed, they were less complete than the first four sheets.

(b) 1/100,000

(b) The 1/100,000 map had been completed to cover Belgium (excepting an area in the N.E.) before the war. It was tak&efgien t1/40,000,
and was printed in five colours. It was designed to cover the area of Belgium only, and extended oaly wadarecessary to include the frontier. It
was published in ten sheets, of which one (Mons) was much smaller than the remainder.

As soon as the area of British operations settled down in the north this series of 1/100,000 was extended westwavdsathdistiutrcovered the
whole of Northern France, to the coast and as far south as the 49th degree of latitude, in a uniform series of shestsiofheestward was
constructed from the French 1/80,000, and therefore gave no more information sharberdound on that map; but the 1/100,000 was clearer to
read, and obviated the disadvantage of having a break of scale at the Belgian frontier. Sheet 4 (Maeseyck), in théghluff, efeBealso produced
from the Belgian and Dutch 1/100,000. The @rapion of all these sheets was undertaken by the Geographical Section, War Office.

Outline plates for the western part of Germany had been prepared before the war at Southampton, under the instru@ieograpttieal Section,
War Office, from the Genan 1/100,000. Early in the war the Ordnance Survey prepared colour plates for those maps.

(c) 1/80,000.

(c) The 1/80, 000 used in the earlier part of the warginavsapisaotphot o
always easy to read owing to the heavy black hachures. The British edition suffered in the process of reproductiolhjessldkeat. Contours

were added by us, based on the 1/200,000 map, and were printed in red. This map was produced bytmedBesgadphical Section, War Office,

at the Ordnance Survey, the contours being compiled at the War Office.

(d) Smaller Scales.

(d) Various other small scale maps were used, but were office rather than field maps. Among them may be mentionedtthé thatiles
(1/380,160) of Belgium, the 1/500,000 of Northern France, and the 1 / M. of the Western Front.

The 6 mile map was a prear preparation; it was prepared and printed with layers by the Geographical Section, and was useful as a general
strategicamap.

The 1/500,000 was prepared by the Ordnance Survey, and was used chiefly for showing administrative areas and inde>sesfentas.
The 1/M. was an extension of one of the International 1/M. Series, and covered the whole front from th&eoastrtand.

2. Reproduction of French 1/50,000.

Mention has been made of the reproduction of the French 1/50,000 (New Topographical Survey) by the Printing Compaghtiogtbe the

Aisne in 1914. It is referred to here only because this was rthalfirst map on a scale larger than 1/80,000 to be used by the British Army. It was
simply a copy of the French map, a few sheets of which happened to have been published of the area in which the BidtistdAtsalf. It was

printed in colours andistributed in small quantities. It had no squares.

3. Enlargements of the 1/80,000.

When, from the experience of the battle of the Aisne, the need for large scale maps (mainly for the use of Artillengdpecantethe Ordnance
Survey was requested produce them, and this was done by enlargement from the French 1/80,000. At first these were direct photographic
enlargements, with the addition of colours to distinguish roads, water and contours. As soon as possible a new ediiilutechm prhictihe
photographic enlargement was redrawn, which got rid of the coarse appearance of the first edition. It was, howevdmestdemhediately that

an enlargement from a small scale map has little practical value. On a small scale, such as thé @f1D8M000, the detail is of necessity
generalised, and some features have to be greatly exaggerated (as, for example, the roads in their width). In an efilsugermenap to the scale
of 1/40,000 Or 1/20,000 the generalities and exaggerationsngegross distortions; details such as houses along roads are thrown entirely out of
position, and the enlarged map no longer gives anything approaching to a true representation of the features of thegolymubSsible value of
such a map is to pvae space to write notes and directions, for which the original small scale map does not give room, but for the purpose of
accurate Atrtillery fire or trench representation it is quite useless.

It may be worth while to mention that, should an enlargedlmeaquired, it is much better to leave it in the rough state of a direct photographic
enlargement than to redraw it. The former has a coarse appearance which probably warns the user that the map is hot Heevedi@wn map,
with its finer detailhas a fictitious appearance of accuracy which is dangerous.

4. Air Photography in Relation to Survey.

(a) Errors in Air Photographs.

(a) Air photography entered largely into all mapping questions after the earlier surveys had been completed. Itgptayddrly pmportant part in
the problem of mapping forward areas, which was mainly office work, so that the subject requires special mention iarthis sect

Air photographs were used for mapping from an early date in the war. As soon atimereed in their use went beyond the study of the individual
photograph and tried to combine several it was found that they were subject to a variety of errors which impaired tiedetallesl consideration

of these errors is a matter for a sepategatise, and would be out of place in this account. It is enough for our purpose to say that they may be
classified, as

(1) Variation in, or uncertainty of, scale, due to variation in the height of the plane, inequalities in the groundgaagotiing of the
camera (nofvertical exposure).
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(i) Misrepresentation, due to relative motion of the plate and view during exposure or to lens distortion.

(b) Necessity for Control and Rectification.

(b) A careful investigation of these errors, which [pattdy in the case of (1)] are often considerable in amount and the more dangerous in that they
are not always apparent from inspection of the photographs, is only to be expected from those who have devoted timio dind stiljigct, and

who have moreaar the knowledge which makes such study profitable. There is consequently a widely prevalent idea that photographs as taken
towards the end of the war, which were admittedly extremely good, were in themselves all that was necessary for theargakitdgay. This is

not the case. It is true that photographs. even when they include large errors of representation, provide an exceltgrthpigitmund which is of

the greatest value, and for some purposes may be all that is required. Thus a phofagpation of a trench system, though it may from various
causes show an inaccurate plan, may give all the information that is required for finding out the nature of thosehednalgamisation and the

type of obstacles before them, and so beecaiiequate from the point of view of the Staff Officer who is planning an attack. But the moment that
accuracy of delineation, of relative position, of distance and bearing is required, the photograph that does not giveegpreseetation of the déta

in plan is of no use without control and correction.

It is necessary to emphasise this point for two reasons. Firstly, it is desirable to explain the necessity for thewesrkioinat by the Field Survey
Battalions in the course of producing mapshtite aid of air photographs. Secondly, it is necessary to guard against the error into which many are
apt to fall, on seeing the excellent fimosai cs 0 maavidesallghatesfrequaredl ar g
the way of an accurate map.

Accuracy of delineation is by no means the sole desideratum in a map, and it has been shown that it is not alwayBuédesseuyacy of
delineation can be combined with correct information of military value, the e@amies useful to all arms, and to the Staff as well as to troops, and
consequently much more valuable. To produce such a map was therefore the problem, the solution of which fell mairyety dhgasisation,

and the first duty of the latter was t@pide an accurate representation of detail.

For this purpose the two requirements, in order to make proper use of photographs, are control and rectification.

By control is meant the provision of an accurate framework to which the photographs can bedittied to prevent the accumulation of small
errors which may cause in the end a large displacement of position. Such an accumulation is particularly liable toitakeefiaiding up of a
fimosaico or compil ati on olfEves when the pgsitiong of certaia points arehfired, the iateryening detail, if tbese
points are far apart, may be greatly distorted. The problem is not an easy one when dealing with cadastral plansjescriliébdater. It is much
more difficultwhen dealing with photos, with unknown errors and distortions.

By rectification is meant the correction of errors, either of scale or of representation, in each individual photograph.

(c) Control.

(c) Control of air photographs is provided agemeral rule by establishing on the ground a reliable framework that can be recognised in the photos,
but there is also another form of control provided by air photography itself which, though subordinate to survey afrgrehtigmportance and is
described below.

(1) Survey Controd When the ground is accessible this affords no difficulty. A trigonometrical framework is surveyed, and provided that the trig
points can be identified on the photos, and that there are enough of them, the problead idfsi#tail between the trig. points is accurately fixed,
this, of course, provides an additional safeguard. This is what was done for all survey in rear of the front line in ploabsaivere utilised. The
details of the methods adopted are desdribeSection Il., para. 6.

For the area in the enemyds occupation the probl e muves®uldbe doseos i mp
the ground. Reliance had, therefore, to be placed on a framework providedoly ¢hdastral plans, controlled by such points as it was possible to

fix. The chief difficulty encountered in this method was that it was known that the cadastral plans were not wholly. Tieliaplghen a photograph
differed from a: cadastral it wastraways possible. to know which was correct. Every case had to be considered on its merits, and a sound
judgement could be arrived at only after considerable practice. In this work previous survey experience was a mossseiu@isiehe whole the
cadastrals provided a good and trustworthy general control, and when they were not available, as was the case in cémaimapeasde from
photographs alone was considerably less accurate and reliable.

(i) AirPhoto Controld If a photograph can be takevhich covers an area of country sufficiently large to include several fixed points, it is evident
that it will supply a valuable control, provided that it is not subject to errors which cannot be corrected. To obtauinetagdraph it must be taken
from a high altitude with a lens of short focal length and wide angle. Such a photograph is, from the purely militaryipoir(epfirt from military
mapping), valuable only as providing a general indication of military works, areas of activity newctioistetc., but it does not give the detailed
information which is required for tactical purposes. Hence these small scale photographs are not as a rule in greathredbesetal Staff.

Their value in an unmapped country, or in any country in wihiapping (as, for example, of trenches) has to be done over a large area is, from the
survey point of view, very great, and when it is considered of what importance an accurate map is in modern warfarastiette deebt that the

taking of such phoggraphs should be regarded as one of the first requirements when dealing with a new area, or with any new works ohifeatures.
is a very important point, because up to the end of the war this matter was regarded as one of desirability, but notoégsitdethat is to say

that an aeroplane was detailed for this special duty of high altitude photography only if it could be spared from othkeredskno doubt that this

led to the loss, or delay in provision, of military information of the highaiste.

One instance may be given to illustrate this point. In the German retreat on the Somme in 1917 it became of great impavamgood maps of
the Hindenburg Line of trenches, and it was especially important that these maps should be atoyrasitias, on account of the artillery
bombardments which would be required as a preliminary to attack. Many hundreds of air photographs were taken at Idwiaitsige of
repeated requests no high altitude photos were taken until latereAslinone of the numerous low altitude photographs could be utilised for
mapping, because, owing to lack of detail in the ground,

was impossible to locate them accurately. Had a series of high altitude photos been taken first (and the weather @bnditimagel this
impossible), all other photos could have been fitted into their places with ease.

It must not be forgotten that this air photo control does not in itself supply all that is required for the map. As namiometis subordinate to
suwey control, for the high altitude photos may evidently contain the same kind of errors as are found in those taken But d@eod series of
high altitude photos will supply a key to which the larger scale photos can be fitted, and rdaghthugh no providing a final plad fill a great
want, and save much time.

(d) Rectification.

(d) The rectification of a distorted air photograph is necessary in order to bring the detail into conformity with the ttuenpy be done either by
transferring the ettail from a distorted photograph to its true position on the plan; or by a previous correction of the photograph.
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As a preliminary it may be noted that the only errors in a photograph which can be completely rectified by geometribahizaheeans arthose
variations of scale which are due to perspective effect caused byertaral exposure. By perspective effect is meant the effect caused by the fact
that the angles subtended by any object at a given point vary inversely s its distance froimtthead that the far side of a rectangle, for example,
when viewed from any point not vertically above, appears smaller than the near side. There is no known method, ndo isnagiasythe

possibility of a method, which will correct, from a singleoto, variations of scale or misrepresentation caused by inequalities of the ground or by
motion of the camera during exposure; though errors due to the former cause can be corrected from two photos of treHsance dneamethods
described below doat presume to deal with such errors. But though these errors cannot be completely removed, it does not follow that they are
always so serious as to affect the map materially. Whether they door not will of course depend on the circumstance. of the cas

It may be mentioned that, with the best apparatus, high altitude photos appear to be free from errors due to movementafinéncpexposure
or to lens distortion.

The systems of rectifying a photograph may be broadly divided into two classes

A. Makingthe detail on the photo conform to the known position of that detail. This is the system of rectification by the trigyrkaerelv
implies previous knowledge of the ground, hut requires no knowledge of the position of the camera during exposure.

B. Correcting the amount by which the optical axis of the camera deviated from the vertical at the moment of exposure. Hsteis thie s
rectification by suitable manipulation of the canmrgowd and i mp

Throughout the war system A only was employed, because no means were devised to enable system B to be used.
The following methods of rectification, based on system A, were employed in France during the war.

(1) Geometrical or Survey Methadslt is evident that if a plan be distorted merely by tilting, so that perspective effect is introduced, straight lines
remain straight lines, and prolongations, intersections, etc., may be used for the purpose of fixing detail, which egiothenhib itorrect

position on the true plan by similar methods. This was the method that came most naturally to our older surveyorshasta whigh they had

been trained for the purpose of correcting and inserting detail when revising Ordnance Survéiywaapherefore by this method of geometrical
intersections, combined with the use of proportional compasses to correct to the required scale, that most of our draadtasirenughout the
war . Provided that therenamaéeina éeni obhe phpopoographiimi srepmesbod
possible to plot detail quite wrongly on the map, in complete ignorance of the fact that any mistake is being made.

The French used a similar method, but baaéter on pure geometry than on field methods, depending on the well known geometric principle that
the fatoos o of a pencil of four lines remain unalter gigdnot)butisa per s
muchslower to use. There are occasions when the method is of value, but it is not suitable for building up the detail of a map.

(i) Camera Lucidad This instrument consists of a small prism mounted on an arm which can be screwed on to the edge of aadjplsteansb

that the prism is held at a convenient distance above the table. If now a map be fixed on the table beneath the pietggragamounted on a
vertical board a short distance away, it is possible by looking downwards at the map edgeth&the prism to see at the same time the map and the
reflection of the photo. The photo can be adjusted so that the detail on it falls on the corresponding detail of thefitepbaad] or easel has

suitable movements it can also be adjustezbteect distortions in the reflected image, and to bring it to the same scale as the map.

The advantage of this apparatus is that when once the adjustment has been made all the detail on the photo can bertyeswquiicky than if it
hastobeplodd point by point by fAprolongations, o0 proportional compass

Unfortunately the adjustment, unless done by a trained man who thoroughly understands the principles of perspectivieaalistadion is due
and how to correct it, is tlaer difficult and may take a long time. The use of the apparatus also severely strains the eye, and for this reasbn it was |
popular in our service.

The French made much use of it, but even their apparatus is susceptible of much improvement.

There is litle doubt that we should have employed the method to a much greater extent had it been possible to give time to des@strgaing
a better apparatus and working out more fully the geometrical problems involved.

(iii) Projectographd This was the ame given to an instrument which was designed in its first form by Sergt. Major Wright, of the 1st F.S.B.,. and
was developed by the Depot F. S. B. It was a projecting lantern designed to throw the image of the photograph on todhenimayp at the

correct scale and with distortion corrected by tilting the negative. The idea is obvious, and the theory simple; and omeréngtasment of this

kind has been suggested and produced. Certain difficulties in the optical arrangements are, howeuereehemthin the model in question an
apparatus was produced that was altogether too bulky and cumbersome, and it was little used.

(iv) Corrected photad The projectograph aimed at combining in one operation the various processes of correction fondisifor scale, and of
application to the map. It is questionable whether it is sound to attempt so much. In the 4th F.S.B. Lt.Col. MacLeqliatiabhidficer, Capt.

Cursiter, devoted much attention to the problem of correcting the photographg ltsee application to the map to be done later. The method evolved
depended upon the identification of four fixed points (the minimum necessary to solve the problem). The image of thevaggatijexted upon a
screen on which the fixed points werereatly plotted; an ordinary projecting lantern being used, but provided with a special arrangement for tilting
the copying board in any required direction. Pr ovihdsdamatehcartemt he A
scale and free from all distortion that it is possible to remove. The corrected photo is then handed to the draughtsamammaeéd at once on to

the map.

The correction of air photos by a similar method was tried by Capt. Thomas, R.A.Festirfealbut discontinued as being too laborious. It seems
probable, however, that the procedure in each case was governed by local conditions rather than by its intrinsic raedéstiare was a fairly
good skeleton of trig, points and cadastralsvbith to hang photographs; in Palestine there was practically nothing.

(v) Conclusiomd A consideration of the above methods leads to the conclusion that the procedure adopted in the 4th F. S. B. was ti@nsthendest.
principle thatspecialising in various functions leads to economy and efficiency, it is evident that the draughtsman should be réliexeHd of a
except his own proper duty of transferring details to the map. Hence it is sound to confine all photo correction torancthend to hand over the
corrected photo to the draughtsman. His work is then simple and straightforward and he can use the photo without g§ither thou

(e) Considerations for Future.
(e) As stated above, during the war all rectification of photpedded upon knowledge of the ground framework, referred to as system A, because
no other system was possible.

But it is evident that it may not always be possible to obtain a recognisable trig, framework in the area to be photagraphexttually thease, to
a large extent, in Mesopotamia and Palestine), and that it would be of great value if we could be independent, atssgeartémt, of such a
framework. In other words it is most desirable that we should be able, if possible, to wosteawn By the rectification of photographs by correcting
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the tilt. For this purpose what is required is an automatic means of registering, on the plate, if posaibleyitenddirectionof the tilt at the
moment of exposure.

Knowledge of the tilt wouldhot only be valuable when no trig, points existed; it would also save a great deal of time in the rectification of photos by
fixed points. At present without such. knowledge the correct relative position of negative and copying board has toiheddsténial and error;

but when the horizontal axis of tilt is known it is only a matter of revolution of the negative about that axis to diisgpitoper position, and the

time required to rectify the photo is greatly reduced. This means also thghitlmipossible to produeecuratemosaics quickly when time did not

allow of the preparation of a map.

Another point which it is necessary to know, in the absence of a trig, framework, is the scale of the photograph, amhihisecabtained by a
knowledge of the height of the camera above the ground at the moment of exposure. At present we are dependent fodgesokrnoaviemeter
readings combined with knowledge of the height of the ground itself above sea level, and this can hardlydoea®gasdfficiently accurate method
for the purpose. The alternative would seem to be to record height above the ground by observation. A possible meadd)sGggesThomas,
would be the taking of stereoscopic photographs from the extremities aétbplane wings.

It should be noted that knowledge of tilt will enable a photograph to be rectified, and knowledge of height will enaloléedided; but that these
cannot either alone or in combination remove the necessity for ultimate confeadypoints. There will always be certain errors, and in making a
map from photographs we cannot do away with a general control by fixed points any more than we can when carrying aytrectigrey on
the ground. But if we can rectify the photogina the number of fixed points required for control can be very much reduced.

Knowledge of tilt and height will be a great advance in air photography; it will save much time; and it will enable phstiogbapused with
sufficient accuracy pending thelmequent provision of a good control.

The case may be shortly stated thus

In a surveyed country knowledge of tilt will enable photos to be used much more quickly, and will solve the problem iofragteziphts
from photos.

In an unsurveyed country knazdge of tilt and height will make it possible to produce quickly a comparatively accurate map, pending the
provision of a control of fixed points.

In considering the question of the direction in which future experiment in reference to the pointingaofi¢he should be carried out, the possibility
of ensuring verticality naturally suggests itself, as this would do away with the necessity for registration of tiltrectdiéation of the photograph,
otherwise than for scale. A gyroscopic camera wasadlg constructed with this idea in view in February, 1919, but at the time of writing it has not
been tested in the air. Failing automatic means, an observer could point the camera with the aid of a suitable levéloty, pravided that the

plane wee moving at the time at a uniform velocity in a straight line.

It is, of course, impossible to ensure by any means absolute verticality at all times, as there must always be soereaedtdualht, however, be
possible to obtain direction sufficigy near the vertical to serve the purpose, and it is in this sense that the word verticality is used.

There are, however, reasons in favour of investigating in the direction of securing automatic means of registering téaStresard :

(1) Flying conditions (either atmospheric or due to the enemy) will often make the steady flying necessary for taking vertical [photograp
impossible; and even in the best conditions accidents will happen at times. Such cases will make photographs takevedigabfaiiares,
or at any rate difficult to rectify, which would not be the case were the tilt automatically measured.

(2) It is actually desirable at times to take photographs with a tilt, provided that the tilt can be measured; for exalotaie jformation
about vertical relief.

For these reasons experiments in the direction of securing automatic registration of tilt would seem to be more impattanigteato secure
verticality.

We may then sum up the conditions necessary to allow of aiogragths being used successfully for mapping, with an indication of the direction in
which experiment is required.

Some of these conditions are of general application, but the subject is here viewed from the standpoint of militaryrmsquireme
1. In orderto use an air photo for mapping we must eiher
(a) Know the scale, and the direction and amount of tilt.
or (b) Have a framework of fixed points recognisable in the photograph.
The former condition is to be preferred.

2. If tilt and height cannot be measd, the provision of an elaborate instead of a simple framework of points is a necessity, because for
accurate work four points on each photo are required. Since for the sake of economy the number of fixed points musabrikeptm,
this means covéng as large an area as possible with a single exposure.

3. Experiment should therefore be directed to devising an automatic and reliable means of determining the height ahow #redghe
direction and amount of tilt, at the moment of exposure.

Failing a satisfactory solution of this attention should be directed to methods of covering a large area with a singleexpossic h e i mp f i
system might with advantage be studied in this connection.

(f) Use of Air Photos.

(f) Air photographs were empley for various purposes in connection with mapping, and in each case required to some extent different handling.

(1) Topographical detailThe use for this purpose is too Obvious to require description. Experience was needed to detect the presersse of hedge
fences and walls, ditches and small streams, etc., and to distinguish correctly between these features.

(i) TrenchesBesides the plan of the trenches much information could be deduced from good photos with regard to their depth and treure,
postion of bomb and ammunition stores, trench mortar and machine gun emplacements. The elucidation of these pointsHaypvathirce of the
General Staff, but in practice a large amount (in some cases the bulk) of this work was done in the F.8.Beragmusel were peculiarly fitted for
it both by their previous training and by their close examination of air photos for mapping purposes.
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It should be noted that air photos afforded the only reliable means of mapping our own trenches, as theséeauld/aged by ordinary methods.
It therefore became of i mportance to take air photos over our ow

(iii) Battery positions Whenever a battery could be seen from the air the airphoto formed the final evidence of its Bosiliomost cases the
position could not be seen, though air photos would often afford contributory evidence, such as track marks. Usudiigrttaelpptd was a
weighted mean between the results of Sound Ranging and Flash Spotting, and the ekitlerpi®otos, if the latter gave evidence which differed.

It may be said that in the early days, before much trust was put in the results of Sound Ranging and Flash Spottigsideves that a battery
was not finally fixed without the evidence ogthir photo. At a later date, when Sound Ranging and Flash Spotting had proved their reliability,
proportionately less importance was attached to the airphoto.

The work of fixing positions fell to the Compilation Section. Much experience was requiregtmihe the position of well concealed batteries,
such as those in woods and villages.

(iv) Enemy organisatiamAn exhaustive study of air photos revealed much information with regard to frequently used roads or tracks, centres of
activity, ammunition andupply dumps, telephone lines, and other details bearing on enemy organisation. The collection of this information was th
work of the General Staff, but in practice, in this as in other cases, a great deal of it was done by the Field Suimey iB#t&atourse of their

photo examination for map making. Enemy organisation maps were thus produced which proved of great assistance tythe Artiller

(v) Ground forms. A good deal more information with regard to ground forms can be extracted from aithatmotasuld at first be imagined; but
the subject is still in its infancy, and much study and experiment is required. It is referred to again in paragraph 5 (d).

(g) Cooperation between R.A.F. and Survey.

(9) Close ceoperation of the R.A.F. with the Sugverganisation is a most important matter for mapping. While acknowledging the great assistance
received from the R. A. F. on all occasions, it is not clear that any policy has ever been laid down as to the fundtitias ahthe R.A.F. in this

respet If it be acknowledged that the basis of distributing accurate information about the enemy is in the large majortyaafa@senap, it

follows that such a policy should be laid down; and that it should be clearly recognised that one of theefirst dot the first, of the R.A.F when
dealing with a new area is to take such photographs as are required by the surveyors.

In this connection Branch Intelligence Sections may be mentioned. These Sections were established to form a link b8t&detetigence and
the R.A. F. They were attached to and worked with a R.A.F. Squadron. Among the duties of the O.C. of such a Sectioremthelduappear to
be liaison with the Field Survey units, and with the Artillery Survey units.

5. Mapping of Forward Areas.
(a) Nature of Problem.

(a) The account of survey given in Section Il. deals entirely with the mapping of areas under our own control. The nfappard aefeas,

however, though taking a shorter time to describe, occupied by far the graditam of the time of the Field Survey Battalions, This work presents a
very different problem from that of the survey on the ground. Topographers cannot be sent on the ground; few pointedaariktfiose that are
fixed are liable to be obliteratedhile it has already been seen that there is grave danger in trusting to the positions of points fixed in old
triangulations, owing to the reconstruction of signals on different sites, and other reasons. The difficulty of geftinle sopdgraphicaramework

of an area which cannot be visited is in fact very great.

(b) Early G.S. Maps.

(b) Mention has already been made (l. 5) of the fact that up to the middle of 1915 the responsibility for maps of f@svia \site the Intelligence
Branch of tle General Staff. These maps had been produced without any general scheme of sheet lines, without recourse to tloa tiagdskelet
without much technical skill. Indeed, the work of map making is not so intrinsically simple that it can be pursueccwéttsssc at a mo men
by one unacquainted with the guiding principles. Numerous cases occurred which deserve mention. For example, in oneteauatgersevere

drawn based on the bench marks of systems whose data differed considerably. In asethenarsh was inserted on the evidence of a refugee,

when all the topographical data available gave evidence to the contrary. Experience generally showed that reportsrirgfagests @s to

topographical position had to be accepted with great cautibecame evident that compilation, where actual survey was impossible, called for
expert handling even more than maps of the area behind our own line. As a first step, air photographs were handedioMesitpthe and Pr i
Secti ons, 0 dinfbrmatidntodhe mdpehy preportional compasses and detail. The work becoming too great for their limited staff,
Ordnance Survey draughtsmen were obtained by Maps G.H.Q., given a short preliminary training, and two were sent tessaSledfdhs.

(c) Compilation Maps.

(c) Later the problem was met by the use of the old cadastral plans, described in 1. 1 (d). As explained in thatessfiom) tthe most valuable
framework for a modern map, provided that there is some means of checking thierimging them up to date. The method adopted therefore was

to make a framework, or compilation, of the area required from the cadastral plans, their position being based on sodiridgopoints as it was
possible to fix or to identify. This compilan was filled in, corrected and brought up to date by means of air photos, and also by such railway, canal
or mine plans as were found to be reliable. The air photos provided the best evidence of what detail was actually iodh, thiecgrequired onlip

be controlled by a reliable framework to guard against errors of distortion. This framework the cadastral plans provided.

The first map produced by this system was the 1/10,000 Ovillers sheet (57D, S.E.4) published by the 3rd F.S.C. in O5tdbés vil&s
incidentally the first British 1/10,000 map made.

It should be mentioned that the plans used were in many cases not the original cadastrals on the scale of 1/ 2,500,000 thedéx diagrams.
The former were used when available, but it iexgtly happened that they were not, in which case there was no course left but to use the 1/10,000
diagrams. Fortunately these were in most cases quite accurate enough for the purpose required.

When the work began the reductions were commonly done witattitegraph; but later they were reproduced by the helio zinc process, and several
copies printed on drawing and tracing paper. The labour of reduction and reproduction was very heavy, a large numiiog jieos/ed. The

work was done partly in Fnae (by the Service Géographique, the Field Survey Battalions, or by the Overseas Branch of the Ordnance Survey) an
partly in England at the Ordnance Survey, Southampton.

(d) Vertical Relief.

(d) The maps thus constructed with the aid of cadastral plans and air photos were accurate and reliable represeetgtionsdirttplan, with few
omissions of importance. There remained the difficulty of representing the vertical relief. The lene==06f the Nivellement Général provided an
accurate control, but were of little use for determining ground forms, as these lines are confined almost entirelgamatsmdmd railways. The

only information generally available was the hachured,0@Dmap. These hachures are based on form lines sketched originally in the field, and
redrawn in the office. Reproductions of these office drawings were obtainable for some areas, and these, or in th#iedizeneed features of

the 1/80,000 mapesved as the basis for the contouring of the forward areas. Wherever possible railway or other plans were utilisedoféea these
provided valuable information. A great deal of information was also obtained from the air photos themselves. The coumfietrebms, areas of
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standing water, the lines of ploughing or cultivation, shadows thrown by the sun when near the horizon, all providedégitemceforms which
the expert was able to utilise.

The difficulties encountered were, howevgeat. The shape of the ground as shown by the 1/80,000 hachures is often wrong, and there are errors
the spot levels which occasionally reach nearly 20 metres. The 1/80,000 therefore affords but a poor basis for corheutit2® @00 scale, and in
spite of all the labour spent on them the contours of the forward areas remained of necessity the weakest part ofexe atbiéentisnap.

It was hoped that the capture of enemy maps would supply reliable material for the representation of grouingt firenGerman maps were
disappointing in this as in other respects. Some of the most recent maps bear evidence of contouring on the grourelghesttenrpart of the war,
and for the bulk of their area, the Germans seem to have been content Foeragh or British maps, or to rely on conventional form lines which
could have been of little practical value.

(e) Maps of our own Trenches.

(e) The mapping of our own trenches, though not strictly speaking in the forward area, presented a simitargzaliénary survey methods were
not usually possible. The subject has been dealt with in Section II. Various attempts were made, without great sugress,davmizenches by
work on the ground. The subsequent development of mapping from airplpbtegnawever, made it possible to produce good maps for this purpose.

(f) Progress.

(f) The compilation of forward areas was pushed on as fast as the supply of skilled personnel would allow, and by mitBilimimed, joined up in
most places with the frdier Plans Directeurs or the Belgian maps. Difficulties were met with in places. Opposite the First Army, in the La Bassée
region, there was an area for which it was found impossible to obtain cadastrals, and the maps here at a late datbdzhfalitgavith the aid of
small scale air photos. On the Fifth Army front there was a wide gap, due to the great area to be covered, and tfifgitsoed; many of whom

had been sent to reinforce the northern Companies during the fighting on the fdesiehRidge. Compilation therefore went on very slowly and

had barely reached the Plan Directeur of Hirson before the British retreat in 1918.

For diagram of total area surveyed during the war see p.

6. Drawing Office.

The chief duties in the drawing afis were the compilation and fair drawing of the topographical detail, revision and correction of this detail from
time to time, and drawing of trenches.

(a) Methods of Compilation.

(a) The methods of compilation have already been described in detaihin(ppand Sect. Il. 6. The work was, as a rule, done on the 1/10,000 scale,
but circumstances, and especially time, made it necessary on occasions to compile on the 1/20,000 scale. The procésidly mepapiulated
as follows

1. Drawing corredy to scale sheet lines and grid, and plotting trig, points.

2. Plotting of intervening detail, such as crossroads, if these had been fixed.

3. Transferring outline of cadastrals to sheet, hung on to trig, or other fixed points where it was possiftié/tthita.
4. Transferring railway, canal, or other plans that were found to be reliable.

5. Correcting and plotting detail from air photos.

6. Transferring contours from plane tables, railway and other plans, 1/80,000 enlargements, or whatever asaa@rdbble. Possibly checking or
modifying with the aid of air photos.

7. Fair tracing in ink on stout tracing paper.
(b) Drawing for Reproduction.
(b) Separate tracings were, as a rule, made for (1) Outline (including grid), water and names, (23 Gpiit@mches.

On the drawing for outline and water the black detail was drawn in black and the blue detail m cadmium. This methodegatuesdofi identical
size and so made registration easier, but it had the disadvantage that it entailed adangefaffing out on the negative, which was difficult
work when the detail was close.

Trenches were sometimes drawn on a tracing, sometimes on a combined blue print of the outline and waterplates. Thedajterenzetirawing
which was less liableotdistortion by changes in humidity, but it could only be used when the outline plate had been prepared previously.

(c) Drawing for Different Scales.

(c) A problem that was encountered at an early date, and for which an easy solution could not beafotivad ,ofvdrawing for different scales of
reproduction. During trench warfare maps on three scales were réquiagcely, 1/40,000, 1/20,000 and 1/10,80@nd maps on 1/5,000 scale

were also produced in many places. When operations became more mohtleyaniinpossible to continue the larger scales, there was still a
demand for both 1/40,000 and 1/20,000, until movement became rapid. The difficulty was how to produce these diffenert satsfactory
manner, because, on the one hand, it was igipesto draw the original separately for each scale, and, on the other, enlargement or reduction by
photography was in many ways unsatisfactory. The latter method was tried at first. All maps were drawn on 1/20,000vgeetethend-eproduced
on the hree scales 1/40,000, 1/20,000 and 1/10,000. The result was, however, that the 1/10,000 was coarse and did not csiesisiealythso

that difficulties were experienced in fitting trenches, while the 1/40,000 tended to become illegible. Thieri s hich enlargement or reduction
can be satisfactorily carried out by mechanical means, and this limit is passed when the scale is halved or doubjeetiahfgesision is made in
the drawing.

It was generally agreed that the 1/20,000 mapth@snost important of all. It made a good trench map, it was suitable for artillery, and it covered
enough area to allow of some movement. At the same time the 1/40,000 was a most useful map for administrative woekcangplicated

system that grewp with trench warfare was practically essential. The most satisfactory result was therefore obtained by drawing theitfi20,000
slight modifications to make it suitable for reduction to 1/40,000. This meant drawing detail just on the large sidéngnthwes rather larger

than strictly necessary for the 1/20,000 scale. The result was a 1/20,000 map which, though rather bolder than régisedl&gntas not coarse

or repellent, and a 1/40,000 which was legible in a bad light. The 1/10,08quifed, had to be drawn specially on that scale, as was the case with
the 1/5,000. This policy seems to be the correct one. It is probable that with an easily legible 1/20,000 the demartD{oOthscale would be
greatly reduced. (See also pargc)y.
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(d) Conventional Signs.

(d) The conventional signs used on British maps showed the Ordnance Survey tradition. Most of the signs used weréth©r8gsighs, which

were to hand and the use of which saved much time early in the war, arahtps ssed were supplied by the O.S. These signs, though suitable for
the O.S. large scale maps, were less suited to the smaller scales used in the war and to the character of the cotetty Aspaassxample, the

tree sign may be quoted. When thissweed to denote the treelined roads which are such a common feature in France, or the small orchards whict
often surround villages, the result was inclined to be heavy. The French conventional signs are, as a rule, lightemtiémvbars in 1918, ¢h

order was issued by Marshal Foch that steps were to be taken to secure uniformity of signs used on Allied maps, #r¢oBraishers welcomed

the opportunity of adopting many of the French signs. A uniform system of signs was agreed to atédt€ohlfierences which met in Paris, and

these would have been put into force on all maps used in France by the end of 1918 had the Armistice not intervecedo lh@€liS. signs it is,
however, only fair to add that the objections to them werelladye to the characteristic features of the country mapped, and would not have arisen
had we been operating in typical English country.

Another point that may be mentioned is the drawing of roads. The system that has always been adopted in Engit@ng émdn@®.S. maps is to
show the boundaries of a road that has a hedge, fence or ditch by a firm line, and of one that has no such obstaaie loy bdaroklan line. In a
country where hedges, etc., are very uncommon nearly all roads were thusastiopecked or broken lines, and these are hard to follow in a poor
light, especially when printed in grey ink. By the French system all roads are shown by firm lines, and it was founduthetsmaych preferred to
be able to see clearly where the roab, and also its traffic capacity (which could be denoted by the thickness of the line) than to know if it had
hedges or not. Here again the question was largely decided by the character of the topographical detail in the country.

The question ofiniformity of conventional signs is one of considerable importance when Allies are working together, and one which should
undoubtedly be borne in mind when making provision for the future.

(e) Application of Air Photos to Drawing.

(e) The question of applation of air photographs to survey and hence to map drawing has already been considered in some detail in para. 4, and
therefore need not be treated at length here. Topographical draughtsmen who have to supply detail from air photosmadgsbtibédrase, and

neither quick nor accurate work is to be expected from those who are not so trained. As stated in para. 4, it isdielst, ibmapply the

draughtsman with photos that have already been corrected for distortion. In addition, it @seallfiree and mistakes to have the photos previously
marked by an expert to show special details, or those that are obscure and difficult to recognise. Many draughtsmemp&espbe ixshould not

be regarded as the duty of a draughtsman, as suatadgnise and represent correctly the detail on an air photo. His duty is the transference of that
detail in its correct position to the map, but the recognition and interpretation of the detail is properly the dutperftawlex should in most cases

be an officer.

(f) Drawing Trenches.

(f) This was mainly a matter of transference from the photo, and correct representation depended largely on havingocpagelical detail on the
map to start with.

(g9) Drawing for New Editions.

(9) New editions wee brought out from time to time, when change in the detail made this necessary. In topographical detail changes wéhe maps
usually the result of better information obtained from airphotos or otherwise, in trench detail the changes were gerteraélydwuork in the
trenches themselves.

The method of preparing a drawing for a new edition to be prepared at the Ordnance Survey, Southampton, depended ¢rotivbamngeun
required. If this was great, an entirely new drawing was prepared if it walls amorrection drawing was sent consisting of a proof of the old edition
with the necessary corrections indicated in red ink, or on tracings of the portions to be changed.

(h) Sheet Histories.

(h) The constant issue of new editions embodying fresh ialeéed information, combined with the frequent changes of Army areas, which involved
the handing over of mapping material by one F.S.B. to another, pointed to the desirability of keeping a record of ewenycsheetild show the

various stages througthich it passed, the nature and reliability of the material embodied, or any other explanatory information that mighit be usef
I nstructions were consequently issued that a fASheet tithiAsthese yO0 sho
instructions were given at a late date in the war the work of compiling the history sheets was heavy, and in manyeaddmip@ssible to prepare
them.

The point is, however, an important one to note for future use. Such History Bbtsted at the commencement of any map are easy to keep up
and provide the most valuable information for those who have to take charge of that map at a later date, and who hedheantiagkeof personal
knowledge of its earlier history.

7. Types ofMap Produced.
The following are the various types of map produced for use on the Western Front

(a) Scales.
(a) The small scale maps have already been described and need be only briefly recapitulated.

1/250,000 and smaller scales. These were office, stediegical and motoring maps.
1/100,000. The general administrative and tactical map.
The large scale maps (including in that term scales greater than 1/80,000) were as follows

The 1/40,000 was the general administrative map in trench warfare. It bet@mehaand tactical map in the latter phases of the war, but as a rule it
was not regarded as a trench map. It was used for Atrtillery of longest range.

The 1/20,000 was the map commonly used by the Artillery, and as trenches could be shown on ieint sigffii! to be of use to the infantry it was
the most useful scale of all, and the one that could least easily be dispensed with.

The 1/10,000 was regarded as essentially the infantry trench map, it being possible to show on this scaleraihbtésheetail. This map was also
used to a large extent by field artillery.

The 1/5,000 was never issued as a regular trench map, but certain sheets were produced on this scale at various gnadlg forcsgenial
purposes. It was commonly used fioe preparation of special village plans. In 1916 the Fifth Army made a special point of this scale, and a series ¢
maps was produced by the 5th F.S.B. covering the Army front.
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(b) Forms.

(h) The above mentioned maps were produced in a variety of fotreg.were printed in different ways according to the use to which they were to
be put, e.g., full colours for general use, or light grey outline to serve as a background for overprinting informatititiorircartain special editions
of all scales werérought out for various purposes. The following list includes most of the maps issued.

Administrative Maps.

(1) Administrative Aread Made to suit the area of the Army or other formation concerned. Usually on 1/100,000 scale, and latterly often made by
reducing the 11/40,000 so that square references could be used.

(i) Traffic.0 Made for the Q. branch of the Staff. Showed traffic directions and orders.

(iii) Railway.0 A variety of these were kept at G.H.Q. One important map was a reproduction of the Caéaimdd Nord system showing all
stations. Another was a diagram of our own system, including narrow gauge and trench tramways. For some time each Asthiyspoasiutype,
but at the end of 1917 a standard series of five 1/100,000 Railway maps wdisceththe information being supplied by the D.G.T. These maps
required constant revision to keep them up to date.

Intelligence Maps.

(iv) Enemy Order of Battld Produced periodically by G.S. Intelligence at G.H.Q. and Armies to diepasitions of enemy troops.

(v) Various other kindgo illustrate summaries of information, to show locations of hostile aerodromes, details of enemy rear organisation, etc.
Engineer Intelligence Maps.

(vi) Road and Bridgé Showed positions, types andpacity of bridges, quality of roads, and gauge of railways, printed in colours on grey 1/100,000
sheets. Information prepared at first by E. in C., and later by G.S. I(a).

(vii) Water Suppl§ A series similar to the Road and Bridge, prepared in the affittee E. in C. Showed details of water supply.
(viii) Geologicab Information prepared by E. in C.
Artillery Maps.

(ix) Hostile Battery Position Mags These embodied the results of the work of Sound Ranging Sections, Observation Groups, Aeroplane
Reconnaisance, etc., as digested and compiled by the F.S.B. Compilation Sections and agreed to by the R.A. They showed baisetyapdsitio
been fixed, areas that were suspected, zones and zone numbers. These maps were, with few exceptions, on thedel/20,000 sc

(x) Enemy Organisation Mays This was the term finally adopted for maps produced in all Armies under slightly different names, such as Target
and Harassing Fire, but all with practically the same object indviemmely, to show where the enemy was &stsihis main lines of communication
and supply, and his various nerve centres, for the purpose of enabling the Atrtillery to harass him with the grealdsts#facire, as a rule,

produced or the 1/20,000 scale. They were occasionally combined aittottile Battery Positions as one map.

(xi) Barrage Maps To illustrate details of barrages.
Trench Maps.
(xii) Trench Maps As a rule confined to scales larger than 1/40,000. These were divided into :

Ordinary edition showing enemy trenches, and atcassive stages of the war the following information about our own treéctigsil; (2) front
line; (3) frontline system to depth of about 600 yards; (4) all trenches, but making no distinction between old and aed,wmestd.

Secre®® The issue of gecret trench map was at first confined to the 1/10,000 scale, and until 1918 any representation of Allied trenches was
considered as within the definition of secret. In January, 1918, it was ruled that a map need not be considered ségyavariémsation which
could not be obtained from an air photograph, and under this new definition the secret edition was limited to the ddi),00[&ss the Army
specially ordered a secret 1/20,000.

Two other types of trench map were produced at diffetates which, although they did not last, are of historical interest.

Maps Showing our own Trenches Distoréedhese were produced in response to the great need for maps of our own trenches. The idea was to
provide a map which would serve as a guide ¢éottbnches, but which would be useless (as an artillery map) to the enemy if captured. Trenches wel
consequently shown as conventionalised lines, bearing no resemblance to the true shape in plan, but preserving thebeowégimaiions, cross

and @ommunication trenches, and giving the trench names. These maps did not prove of great value and were not continued.

Sectional Map$® These were sections of the ordinary 11/10,000 trench maps, wide enough for an Infantry Brigade front. A blank margin was
provided on which various tactical information about the front was printed. British trenches were shown by the convenéomdksgsbed above.
These maps were designed in the First Army; they were not ordered for general use, and found little fedmureelBeey had serious
disadvantages from the point of view of production, as Brigade areas were constantly changing, and every change ipvotieditimeof a new
map and the cancellation of an old one. They were gradually dropped

Miscellaneous Maps.

(xiii) Special Flying Map$ On 1/250,000 scale, prepared at the request of the R.A.F. and to their design. They were intended to represent the
country more or less as it looks from the air, and also for use at night with transmitted light, and tottlésgemdndwork was printed in a greenish
grey, roads were kept white, and all minor detail was omitted. A good deal of work was spent on their preparatiobebevédghat these maps
were not widely used.

(xiv) Maps for Corps Squadrons (R.A.B.)Special editions of the 1/20,000 were produced for the use of the R.A.F. with green woods, green border
to treé lined roads, prominent blue for water, etc. They were occasionally combined with the Hostile Battery Position maps.

(xv) Message Maps and Traac@sA message map was a small portion of a large scale trench map, on the back of which a series of reports and
messages were printed after the style of the Field Service postcard. The sender could fill in details of position, mumbetisneand
reinforcements required and similar information, and strike out irrelevant parts. In a later form tracing paper was used iditmth@nted on it,

on which the sender could trace a portion of the map to describe his position. These message mapsypuseéd f@rsending back information
during attacks.

(xvi) Maps for Corps Typo. Sectiods Very large numbers of outlines were printed, some in England but most in France, for the use of the Corps
Topo. Sections. They were on absorbent paper for use lidim Duplicator, and consisted of portions of maps (usually 1/20,000 scale) of brief
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size. These were issued by the Corps Topo. Sections with information of various kinds overprinted. A large number gfsthese alao used
without overprint, as thewere of a handy size and convenient for writing reports.

(xvii) Situation Map$ To show positions reached by our own troops. Usually overprinted on existing trench maps, and issued during the progres:
a battle.

(xviii) River and Canal Pocket Mapgereprepared specially for the Inland Water Transport Branch to show details of the navigable waterways of
Northern France and Belgium, with connections to road and rail. Each map was made in strip form, following the coyragiofiteriver or

canal which it illustrated, and folding within a cover to go into the pocket. The scale was 1/20,000. The information was pydvaiechandant

Van Halteren, and is believed to be of value, but owing to the course of the war they were not put to any general use.

(c) Layered and Shaded Maps.

(c) In addition to the above, certain of both small and large scale maps were published in layéracfpsimowing differences of altitude by tints.

A layered edition of the 1/100,000 and the 1/40,000 was produced in Broglamparatively early in the war with the idea of a strictly limited issue

for commanders of formations and staffs. In order to read the large scale maps more easily it became the practiseyersalothé 1/20,000 and
1/10,000 by hand, and this lemla demand for a printed layered edition. In response to this various layered 1/20,000 sheets were printed by the Fie
Survey Battalions, but no layered maps on a scale larger than 1/40,000 were produced as a regular issue. It was, @aligg b et hasty

military education of officers, the standard of map reading was not high, and several attempts were made to producetawuajdvessist the

user to read the ground forms without involving too much printing. A layered map with several shade tint (requiring only one extra printing)

was tried, but did not meet with much favour. Hill shading was also tried, but with a similar result. An experiment was matle ishaded c
fid i.e., contours heavily shaded on their southern andreastkes, giving the map the appearance of a model made of cardboard layers. This, thoug|
an eyesore from the cartographic point of view, was said to be of great assistance to inexperienced map users, arlgl acsstitetby more

than one practicalfficer. As a whole, however, the feeling about a map of this kind wa$batted, and no general issue was made.

(d) Models.

(d) A consequence of the settled conditions of trench warfare was the production of relief or model maps of varioustheetgsh€aemand the
W.O. undertook the production in quantity of plaster models of 1/20,000 sheets. The work was entrusted to an agentiseti@atgdinfor the
purpose. These models were made with the vertical scale to the horizontal as 4 to ap,Tinénted on special extensible paper, was pasted in
position on the plaster. Models of this nature were issued to the higher commands, and proved very useful for theesgudyraf.th

The plaster models were reproduced from an original, the bastsici was a series of cardboard layers of suitable thickness, each cut to the shape
of a contour. This basis was covered with wax, moulded to shape, and a plaster matrix was taken from it. An experirednvitvathter cardboard

layers only, the map by previously mounted or printed on each layer. The result was a model which represented the ground as a series of ledge
steps, the proportion of the vertical to the horizontal scale being as 4 to 1 (or for exceptionally flat areas, 9 tgh)h@hweare to some degree a

false representation, these cardboard models proved to be very popular. They had several advantages. They weredight,litegkdf dropped,

or, if damaged, were easily repaired, and it was possible to stick pins intortileiraay on them. A disadvantage was that each model had to be
made independently, so that they were expensive. The Ordnance Survey organised the supply of these cardboard modeisd ank ghadisand

of them. They were issued in sets, to cover thetfod the formation, down to Infantry Brigade Commanders.

The value of these models has often been questioned. There is no doubt that they were of real use to some commidkss ceutaiin that
many were never used at all, or were mishandlet],dosaken away as mementoes. On the whole, considering their cost and the fact that they cann:
be kept up to date, it is questionable whether they are worth making and whether the money would not be better expendddrapka

8. Map Palicy.
It will be of advantage to consider shortly the policy followed in certain map questions during the war with a view to guiiderfictime.

(a) Tactical Maps.

(a) The question of what was the official tactical map was raised on more than one occasiohewargand has been mentioned since. It is,
however, impossible to lay down that any one map shall be the tactical map at all times and in all circumstances. Baringtasions have been
frequent when a 1/5,000 map was essential in order to careytaatical operation such as a trench raid. For settled trench warfare the 1/101000
might be taken as the scale for the infantry tactical map. With increased activity and the possibility of movemenit® dhéh&/20,000 became the
tactical map; withmobile warfare the 1/40,000 became necessary.

Thus the scale of the tactical map depends entirely on the nature of the operations, and in the relative degree of movement.

One clear lesson, however, is that for modern fighting, in which ttogemation ofall arms and the mutual transmission of accurate information is so
important, a gridded or squared map of fairly large scale is essential. We used the 1/40,000; probably 1/50,000 istipeasticalele scale.

The 1/100,000, formerly regarded as ditat map, is too small for European fighting. it is useful for marching, but as soon as fighting begins the
larger scale is necessary.

Throughout the war the fact that we might eventually have to come back to the 1/100,000 was kept in sight, aretércapinded that they
should be familiar with its use, and the event proved that this policy was correct, though not in the sense that haddezefben eventually it
came again into general use it was as a marching map, but not a tactical neagtrictteense.

In the final phase of the war so long as there was any fighting the 1/40,000 was supplied to the troops, albeit wificsliynat difnes.

It seems clear, then, that for a European war, while the 1/100,000 may be issued beforeh@mrdras@map, a map on at least 1/50,000 scale will
always be required for fighting, and that provision must be made to supply it whenever and wherever wanted.

(b) Large Scale Maps.

(b) As a matter of general policy it may be said that experience has shat if economy were enforced, and if the number of scales of maps issued
were strictly limited, the right large scale maps to maintain for European warfare are those of scales approximatid@toab/d@,/20,000. It has

been shown that these candreduced satisfactorily from one drawing, which means economy of labour, and with them troops would be provided
with a usefuld trench and artillery map, with a veegwemgmsod admi ni

Thisdoes not mean that the 1/10,000 map is unnecessary. Should trench warfare develop the 1/10,000 will doubtless beiregsiitedain
this war, and it is possible that future

developments may demand larger scales for general use than those rdeaiimres But the lesson of the experience of this war is that the two scales
mentioned above are the more important and more economical, and are those on which effort should be concentrated at first.
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(c) Identity of Detail on Different Scales.

(c) When lage scale maps were first produced in a regular series and in quantity a great point was made of the necessity foe atitgodd ieihil

on corresponding maps of different scales. (The remarks in this paragraph refer only to large scale maps)8@yarid4dipwards. It is obvious that
identity of detail in scales differing so widely as 1/100,000 and 1/10,000 is impossible.) Such absolute identity cntevefesired only by
mechanical enlargement or reduction from one original drawing, anid this method that was at first adopted. But it has been shown in paragraph 6
of this Section that this method is, from the cartographic point of view, unsatisfactory.

The rule, made early in the war, that detail on different maps of the same area idestibal is based on the perfectly sound reason that there must
be no chance of a mistake in carrying out orders owing to the fact that the recipients are in possession of differenbrdapsndst be
unmistakable, no matter what map is used.

Thoughperfectly sound in theory, the argument is, however, to some extent a counsel of perfection, for where maps are stypjeet|tefd
revision, as is apt to be the case in stationary warfare, it is not usually possible to keep more than one dradée, imm which, by suitable
arrangement, maps on two scales, but not more, can be produced. This was the case in the war. Throughout the penealfairé&énetiroops had
1/40,000 maps that, with few exceptions, were considerably behind 3 /86d02and 1/10,000 in the matter of revision.

It is true that this point is not so serious as it sounds, for what usually happens is that only two scales at anypparticulard ar e of r eé
During trench warfare the two that mattered mosievtke 1/20,000 and 1/10,000; the fact that the 1/40,000 was slightly different was not of serious
moment, because it was used mainly for marching and transport. Later, when some movement began, the important scdl&ve&e inel

1/20,000, and th&/10,000 ceased to be required. Still, there were occasions when discrepancies between the 1/40,000 and the larger scales wer
remarked on and when difficulties arose, even if nothing serious happened, and there is no doubt that it is of thegptabest io aim at the ideal

that all maps should be identical so far as limitations of scale allow.

The question is how this problem can be met when the nature of operations necessitates the use of three scales? Tteptahisenin an acute
form inthe wab that is to say, the fact that the 1/40,000 differed from the other scales was accepted and few complaints

were made. But it is a question that is so likely to arise at the commencement of any future war that it is as wédl itchesferanda determine
what solution is suggested by experience.

In the first place, a point which was not perhaps appreciated in the early days of the war is that absolute identiscateshsaeh as 1/40,000 ,
1/20,000 and 1/10,000 is for some reasons atedpla disadvantage. If one is limited to showing on the 1/10,000 scale only as much detail as can
be clearly represented on the 1/40,000 , the greater part of the advantage of the larger scale is lost. Mere size¢agecaadviandepend solely on
mechanical magnification for the larger scale, as was done in France in the early days, is to produce a map which giaes,rbotessnot superior

in any other way.

The great advantage of a larger scale is to enable the cartographer to show mdradeésgiossible on the smaller. If precisely the same detail is
shown on all scales, then either the smallest scale is crowded and illegible or the largest is empty, and fails pbitsostaief

The conclusion is that it is not desirable that the saeta&il should be shown on all scales. The main features should of course be identical in
position; but on the larger scale detail should be shown which is not possible on the smaller.

It has already been shown in paragraph 6(c) that a satisfactory rbaghdi/40,000 and 1/20,000 scales can be produced from one drawing on the
larger scale, drawn slightly bold to allow of reduction. It is suggested that the policy should be to make the 1/20a8@0ntap bwith the 1/40,000
produced from it by reductignhese two maps thus being identical; and that the 1/10,000 or larger scales should be produced as independent mag
based in the main outlines on the 1/20,000, but showing as much detail as is possible on the larger scale.

Ambiguity will be avoided either by the usual precaution of always quoting the map on which orders are given; or perhaps better by grdering tha
unless expressly stated to the contrary, the 1/20,000 is always the map referred to. As a practical fact, however pfreodargien would appear

to be slight, assuming, as one may fairly do, that the cartography on the larger scales is accurate. It should alseebedrémethk surveyors who
produce the map are themselves soldiers and fully alive to the importaneegagttion.

(d) Secret Maps.

(d) Until a late date in the war there was a good deal of misconception on the subject of secret maps. A secret edliibd,00¢h map was
published, which showed the plan of our own trenches, but gave no other inforatatiat them. It was issued in very small numbers (e.g., 1 per
Infy. Bde.). The result was that the troops, who had urgent need of a map to find their way about the trenches, maddittgaros and sketches.
These were freely distributed, and from thi@rmation of all sorts which they bore were far more dangerous than would have been a regular issue
properly controlled. The position became absurd when it was found that troops relied on captured enemy maps for agpaesearatdion of their

own tenches. It became evident that there was no reason for secrecy in showing the trace of our own trenches, providellytsatres details

were inserted. Such secret details obviously include battery and trench mortar positions, command post®rastaresj telephone routes, etc.; in
fact any detail which cannot be readily located and plotted from air photographs. It was therefore decided in Januhat,th8i@dinary edition

of every trench map should show the detail of our own trendiesgtret edition being reserved for such information as could not be obtained from
an ordinary air photograph; including under this head the difference between used and unused trenches. These mapsahoiegcbes proved

of the greatest value thé troops, a value which far out weighed any problematical advantage they might give to the enemy.

There was also until 1918 considerable opposition to the publication of a 1/20,000 map showing our own trenches, o that grawuld give
informationabout our system of defence; or at least that it would, if captured, save the enemy the trouble of photographing bterke agss,
however, it is considered that the advantage to our own troops would have more than counterbalanced the posagg#e@thernemy, for the
production of such a map, and its issue on a reasonably liberal scale, would have saved a large waste of labour anilpetisiyraiefience

schemes, reports on defence lines, etc.. necessitated the production of large atitinesessecret 1/20,000 maps, which, owing to the absence of an
official issue, had to be drawn by hand. This was recognised by the order of January, 1918, which permitted the predseticet 2f20,000.

The history of secret maps shows the grademlisation of what secrecy really means, and the growth of more liberal ideas with regard to the
distribution of secret information.

(e) Layered Maps.

(e) The question of the extent to which layered maps should be printed as a regular issue for tnedpatissaruled largely by practical

considerations. A layered map involves extra printing and this extra printing cannot be done with the limited staff waiellakées during the war,

in times of pressure. It is admitted that layers help everyoreatba map, and that such help is of great military value. The matter therefore resolves
itself into a question of relative values. If a layered map can be provided by installing, say, four extra printing radhimesty men to work

them, who would ottrwise be employed on mending roads, will the Army gain or lose by the transaction?

On the whole, the experience of the war shows that provision should be made for layered maps up to (as a limit) th@@00;adnd that
layered maps should beprdve d f or t he whol e area of operations and distributed
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assistance in reading and studying ground forms. Should circumstances (such a limited staff) make it improbable thahaecohtimsupply
could be expected at all times, each layered .map might bear an imprint, stating that it is provided for the purpdisg) drf éissistudy of the
ground but that it will not be replaced, and that a supply of such maps for all areas is inquaweayeed.

It is not suggested that such a supply should be made to the troops of an Expeditionary Force before a campaign had Isecpmsitiared that
the necessary preparations should either be made in peace time, or envisaged as a skep ionbsetdiately on the outbreak of war.

(f) Map References.

(f) A sound method of identifying points is essential in the use of military maps. The system used by us, of fixingydtpa@obbdinates within a
square or rectangle, is thoroughly pradtinahat it is adaptable to maps bearing squares or rectangles of any kind, and which may be identified in
any way. In the particular application of this method which was provided by our adaptation of the French system of dishe¢nicateordinatesit
leaves little to be desired, being simple, complete, logical, and providing an easy transition from the map refereneghtentia¢ical cordinates.

(A full description of the various systems mentioned will be found in Appendix VI.).

A point in which however, our maps failed was that our square system applied only to our large scale maps. The ideal to be aimedlgttimevide
the same system of referencing should apply to all maps in use, of whatever scale; so that if a point be deschibéddundanith ease on any
map, though naturally the degree of precision with which 1 could be identified would vary with the scale of the map.

To permit of this it would only be necessary to print on the small scale maps the same system of squéoingdasrnishe large scale, omitting, of
course, the minor squares and unnecessary letters and figures. It is of interest to note that this was done witti1it@,G08snaps of Germany by

the Army of the Rhine at Cologne. It would be a conveniencet Isuby no means essential, for the small scale sheets to bear some definite relation
to the large; such, for example, as covering the area of a definite number of the large scale sheets

(9) Signs and Colours.

(9) In 1918 it was ordered by Marshal Fobhttsteps should be taken to secure uniformity of maps among the Allies, and as a consequence a unifo
scheme of colour and of conventional signs was agreed upon for us on the western front. The advantages of such uroforivity efeen it is
remembeed what frequent interchanges of allied troops took place, and how often troops hastily put into another area haeign nsap®r

9. Total Area Mapped.
The final results of mapping on the Western Front are as foldws :

Sg.Km. Sq.M.
Areasurveyed* and published for the first time as a reliable map on a large scalt 9,550 3,687
Area previously surveyed, but revised and brought up to date and published 4,678 1,806
Total mapping completed and published 14,228 5,493
Area of whichsurvey was complete, but not published 3,605 1,392
Total mapping completed 15,846 6,118
Area of which survey or revision was partly completed 3,605 1,392

* ASurveyo includes here survey or rrewsedsithdhe aidbohair photes gr ound, and c

The foregoing does not include areas previously surveyed, such as French Plans Directeurs or Belgian maps which wenel igalshsired in the
British series, but without photo revision. Of these there were a largber, especially in Belgium.

Of the total MAPPING COMPLETED, approximately 7,425 sqg. km. (2,867 sq. m.) were done by work on the ground, the reninsiog lay
(3,251 sg. m.) being compilation, photographic revision, etc, in the office. The ala#lypesimpleted was all done on the ground.

For illustration, see Plate I. at end of book.
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Section IV.0 Deductions.

1. Importance of Survey.
It cannot be too strongly emphasised that accurate survey is the basis of all map production and of therfilery pbaitions either on our own or

on the enemydés side of the Iline. During the war alelwardtheiAgilerwwillthe wa
responsible for their own work. It is most important thahdidd be remembered that Artillery Survey is a branch of the main work, and that though a
single control may not be possible, a single aut hwtheisicgessofracciraec h n i

Artillery work in the future if there is any cleavage between the two sides on the ground that highly scientific methods are not oepessiécy!f
Artillery requirements. The war has shown conclusively that what seemed to be purely scientific and theoretwasd haestfareaching practical
effects.

The conclusion is that, despite the division of work in the field, the Artillery should continue to be guided and adlvéstdure as in the past in
technical 6 survey matters by the survey experts.

2. Training.

The work of R.E. surveyors and cartographers in peace gives them a thorough technical training; but training for waispemosssin addition,
and special attention will have to be directed to this in future. Artillery officers should rededieirzg in survey which will ensure that all officers
have a sound knowledge of survey methods, and a good proportion reach the professional standard.

3. Geodesy.

Geodetic study and research is of the highest practical importance. It should be cérripdame time and continued in war, and the best possible
expert knowledge on the subject should be available for military work.

4. Air Photography.

Air photography s of fundamental importance for military surveying in war. Study and reseawtiied on the lines indicated in the text. A.

policy should be formulated defining clearly the part played by survey in military operations and by air photography ,iarstielefinite line of

action should be laid down in training manuals and FReldulations for the guidance of surveyors and air photographers in these matters in order to
prevent waste of effort.

5. Standardisation of Methods.

Methods of drawing, conventional signs, forms and titles of maps, and kindred matters should be stdrafaddigidly controlled. A certain laxity

in these matters during the war | ed to much wast e méw peirtsfadse, andnoCe r
variation should be permitted from these in deference toptmons of various Staffs. As a rule it does not greatly matter what standards are adopted
so long as they are strictly observed. What matters is deviation, as this causes confusion. mistakes and waste of time.

From the outset a detailed history shoutddept of every sheet produced.

6. Map References.
Map references should be on one uniform system applicable to the whole area of operations and to every scale of map.

7. Scales of Issue.

The scale of issue of maps should he liberal, allowing, on thbamd; an ample supply for H.Q. Staffs, so that there shall be no temptation to hold
up maps intended for troops. and extending, on t heapdotrhoeemenhaachad , t
map for lighting, the sde of the latter being determined according to circumstances. It should include a supply of layered maps and of secret map
according to the proper definition of secrecy.

Relief maps, shaded contours, etc., should be unnecessary, given a supply @hteyere

8. Future Developments.

The tendency of all methods to get more complicated as science advances should be recognised and provided for. iyreetaisatatracy and

more refinement will be required in the future than in the past, hence mapeand maps of larger scale. Where our 1/20,000 satisfied requirements,
future needs will probably demand either, say, a 1/10,000 scale, or refinements of cartography which will enable nioteedstaivn on the

1/20,000.

9. Allocation of Responsibiity for Map Preparation.

The problem of how to deal with map preparation when areas of responsibility are liable to change at short noticelisoméliffitap preparation is

a complicated process, involving the custody and examination of numerouseashds@md a large amount of detail work which involves personal
attention on the part of draughtsmen and other workers. It is not easy to transfer such work from one authority tohembtErhdwever, to be

done frequently during the war. Army bouniéarwere changed many times, and with them the responsibility for map preparation and supply.

It would undoubtedly simplify matters greatly if the responsibility for map preparation and kindred matters could béwlttfedte areas which
would remainindependent of changes in military command. This has been proposed on more than one occasion, and in theory it issavhat ought
done. It is, however, difficult to see how such a system could be made to conform to practical conditions. Map preganatiectéd with and
dependent on so many other branches of work, all of which depend on the military command, that it seems impossibieé it egretetent.

Instances of such work are General Staff requirements and preparations, information dinairgdthe Intelligence Branch, the arrangements for
taking aeroplane photographs and access to documents. It is easy to see that if these requirements and arrangemenmetiayeharnnels which
do not conform to those ordinarily in use difficulteasd delays will arise, especially during the strain of operations. Such a situation does arise when
the responsibility for map preparation extends far beyond the limits of the military command.

Hence, although it must be admitted that a change over gfingapesponsibility involves difficulties, and, what is more important, some waste of
time and effort, it is considered that these disadvantages are less serious than those that would arise if the ansaskforar@aipdependent of the
areas of militay command.

The boundaries of the two can, as a matter of fact, rarely coincide exactly, as map work must be defined by shee¢ Indisamylibmmand has

no connection with them. But it can always be arranged that an area bounded by sheet linesicand@ n whi ch conf or ms ap
of the command. Beyond that the difficulties must be met partly, as in the past, by adaptability and hard work on the garvey staff, and

partly, in the future, by more rigid standardisation ofhpds and records, and by subdivision of survey units to provide greater elasticity.

In other words, the style of maps in drawing, signs, size, titles, and the records in connection with them must beestangialtglienforced, and
not subject to chamgby Army or other orders, and survey units must he organised on a system of srwhtaglied sections, which can be
transferred when required bodily from one command to another without detriment to their work or their prospects.
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Such arrangements,aiagh they cannot abolish the difficulties that will arise with changes of area, will do much to lessen them. A largefamount o
assistance will also be given if adequate provision is made in establishments for survey to be carried on by G.HtQe Aohahits are relieved
of all anxiety as to areas with which they are not immediately occupied.

The above remarks also apply in large measure to the question of map supply. (See next chapter, Section IV.)
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Chapter 2.
Reproduction And Supply.

Introduction.

Previous to the war the necessity for producing large scale maps in quantity was not foreseen, as it was supposestimgtstnalegcale maps of
the various National Surveys. and enlargements from these would suffice fdaatiosi purposes of war in civilised countries.

The equipment taken into the field was designed for producing a small number of copies with great rapidity and to bly coofjilet&he real
problem before the printer has proved to be very differerg.riBtessity for accuracy (which will always reappear when artillery is used in any
quantity) and the great quantity required have called for the rapid but careful reproduction of large numbers of mipaspossible under the
eye of the mapmaker. Nddity, whilst it retains much importance, has ceased to be so vital. Machines. have replaced handpresses. Similarly
letterpress printing has become a large business, and the amount of work required has necessitated linotypes andotaaehirfidsird
composition and manual presses.

The Armies in France had, throughout the whole period of the war, the great advantage of the assistampemtiboomf the Geographical Section

at the War Office and the Ordnance Survey at Southampton. All the snealhsgas issued to the troops and the vast majority of the large scale
maps of the Regular Series were printed in England, about nine tenths of the work being done by the Ordnance Sursdierldalys,evhen a set

of drawings for a new edition was $eo Southampton, the edition of perhaps 10,000 copies was usually received within 14. days, and in specially
urgent cases this period was considerably reduced. As time went on, owing to the vast increase in the number of nraps Ssutbdmpton, it
became impossible for the Ordnance Survey to maintain this rate.

It therefore became increasingly necessary that local resources should be improved and strengthened, and at the efatititseexsted at the
H.Q. of each Army for rapid reproduction colour of sheets up to double demy size, and for the printing of large editions, while at the Base the
Overseas Branch of the Ordnance Survey was established, which placed the great resources of that Department at thiisiposedi@ithe troops
in the field.

The object of this chapter is to trace the development of map reproduction and printing in the field, to point out socoatirfitled difficulties
which had to be overcome in the earlier days, and to indicate the direction in whichifogferements can be made.
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Section |d Development Of Units And Apparatus.

1. Printing Company.
(a) Distribution and Equipment of Original Company.

(a) The peace establishment of the Printing Company consisted of 1 officer and 39 O.R., including timg fioddesmend: 14 lithographers, 8
photographers and 9 letterpress printers. The trade of lithographer included drawing on stone, zinc or transfer papsrvaskivg the stone or

plate. The Company was divided into 4 Sections, of which No. 1 8estie to be attached to G.H.Q., while the H.Q. and remaining 3 Sections were
to be normally on L. of C., Nos. 2 and 3 being available for detachment either to the Cavalry Division or to the H.@mgf@frtwo or more

Divisions (W.E. dated 1914). No ®&ion was equipped with 1 foolscap (17 x 13% ) hand litho. press, 2 Roneo duplicators, 1 C.B.D. copier, 1
typewriter, 1 Boston hand printing press, a field copying camera with developing box, 2 hand cameras, a sun printirg) Staraesamopic

equipmen Nos. 2 and 3 Sections were similarly equipped, except that they had no sun printing frame, and carried an extrai€.BlBDesephree
Sections were completely mobile, having a car and lorry each, which carried the whole of their personnel medtedidp4 Section had 1 demy

(22% x 17%) litho. press, 1 treadle printing press, 1 copying camera and developing box, 4 hand cameras and sumra;jratinyrfcatransport.

(b) Concentration at G.H.Q.

(b) On mobilisation No. 1 Section joined G.H.Qdaxos. 2 and 3 Sections the H.Q. of the 1st and 2nd Armies, or Corps as they were called a little
later. During the retreat, or shortly after, the 1st and 2nd Corps sent the personnel of their Sections back to the IE.6npaty, stating that they
hadno use for them. At the same time they retained their Section transport. In October, 1914, the H.Q. and bulk of th@oRrpeaimgwere
concentrated at G.H.Q., leaving only a small section with the treadle printing press at the. H.Q., L. of C.

This rejection by the Corps of the Printing Sections originally provided for their use had a marked effect on future policy. ibimeveexisased on

the experiences of a short period of rapid movement, when no conception could be formed of future mappingeneésisoldoubt that at a later
period of the war Corps would have given much to have had thesms#dfned mobile sections, and the original decision to discard them certainly
carried weight when the question of Corps equipment was being consideteyem had its effect on Army equipment. For example, when the First
Army was formed, the Chief Staff Officer begged that they should not be cumbered with printing plant, saying that aleHenvasja few zinc

plates. This entailed delay in the praeisof equipment when later it was found necessary.

The Printing Company continued to work as a G.H.Q. unit for the remainder of the war. Its work was always mainly fom@ H.Qf.@., but it
also supplemented the Army Printing Sections, until therlautgrew their parent.

(c) Establishment in 1915.

(c) In 1915 the Printing Company was reorganised and increased as follows (W.E. No. i6, d/1915). The H.Q. and G.H.€arS&tédrof one

officer and 19 o.r., including 3 photographers, 6 lithogrephead 5 printers. The I.G.C. Section consisted of 5 o.r. (2 lithographers and 3 printers).
An Army Section consisted of 14 o.r., including 2 photographers, 6 lithographers and 3 printers: The G.H.Q. and Armyw8ezpoogided with a
boxcar and a-8on lorry each, and the same equipment as the former numbered sections. At about this time all sections were providiéableth a su
stand and telephoto lens, which enabled them to use their cameras for taking panoramas.

These Army Sections were detacheahirthe Printing Company to the Map Sections, to the Topographical Sections and to the original Field Survey
Companies. Printing personnel was not included in the establishment of a Field Survey Company until the second Wittt whthatithorised in
December, 1916.

(d) Inclusion In Depot F.S.C.

(d) In April, 1917, the Depot F.S.C. was formed as a G.H.Q. unit, and the G.H.Q and I.G.C. Sections of the Printing Ceradrsped by it,
with an increase in numbers the Army Sections having been prvahsorbed (with the addition of two men) by the Field Survey Companys. The
Printing Section of the Depot F.S.C. consisted of 1 officer and 60 o.r., including 25 printers, 25 lithographers andappérstog

The principle of including survey and repration at G.H.Q in one organisation was sound, but in the existing circumstances it was not easy to
combine them in one unit. The Printing Company had been for long established as a unit working almost entirely for @s:te mEpot F.S.C.
was separat from it geographically and had other objects and interests. Hence the connection remained to a great extent a remdindieme,
the Depot F.S.C. was, 1n October, 1917, converted into a Battalion, its Printing Section again became an indeptmg €drRpiany.

Although in the light of the above experience the conclusion may appear paradoxical, it is considered that in the hisatéeoorggproduction for
G.H.Q. should be carried out by the unit responsible for all G. H.Q. needs in surveygpidgnahe decision to divide responsibility in this war
was, it is considered, governed largely by special and antecedent circumstances. It may be noted, moreover, thabrigeenifsation it is
considered that all map reproduction behind Armies Ishioel carried on under one technical control. In this War such an arrangement, which is
evidently logical, was never possible, because the Overseas Branch of the Ordnance Survey, which was the principalnrestaellistiment at
the Base, was a sepa@airganisation, responsible to the Director General of the Ordnance Survey.

(e) Final W.E.

(e) The establishment of the Printing Company in October, 1917 (W.E. dated August, 1918), was 1 officer and 66 o.g. 2B diilntigraphers, 10
photographers, a25 printers, but with no transport. This establishment was modified slightly in 1918, on the decision to transfemgibiligspo
for all letterpress printing, except the small amount required for mapping work, to the D.A.P.S.S. For this purpiespré€derinters were
transferred to the strength of the Army Printing and Stationery Services.

The omission of transport was a mistake, as a unit of this sort, having constant dealings with various branches abdssitheiipgires a box car.

(f) Changes in Equipment.

(f) The equipment of the Printing Company remained unaltered until 1916, except for the addition of certain camerasraadeaimithe number of
hand presses. In October, 1916, a demy machine was obtained. In 1918 a second sihiilanwmaa provided. Other additions were an Ordoverax
outfit and a Halden electric copier.

2. Army Printing Sections.

In April and May, 1915, an Army Section of the Printing Company was attached to each of the First and Second Armiesntiemtbk Map

Officers who had just been appointed. These Sections were immediately employed on the production of trench maps, wkiclintbesrt

infancy. 1/10,000 maps were made by enlarging from the 1/20,000 and redrawing. On each sheet the outline Wwagnesmtail and contours in
brown, German trenches in red, and target numbers in blue. In spite of this formidable undertaking it was found paesdilde tfogm 300 to 500
copies per Division of these trench maps. Later, owing to the great stithie preagre establishment, the outline, contours and grid were printed at
the Ordnance Survey, and the trenches only were overprinted by the Army Sections, and also by the Printing Company at G.H.Q.

During this very strenuous period the excellent trairing discipline of the old personnel proved its value, and the standard maintained reflects the
greatest credit on all concerned.
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3. Printing Sections of Survey Units.

Reproduction continued on similar lines when the Topographical Sections were formed and, later, with the F.S. Comparties fouhation of
the latter units mechanical methods of reproduction and machine printing were gradually introduced.

The estalishment of printing and kindred trades remained unchanged until December, 1916, when 1 lithographer and 1 printer wenetlzeided.
formation of the Field Survey Battalions there was a considerable increase, and provision was made for mechanicdlhedthiogsng trades
were included in the W.E. (No. 1591)

Litho. Draughtsmen 10 Engine Men 3
Transferers and Provers 10 Helio, and Vandyke Workers 6
Machine Minders 6 Photographers 4
Machine Feeders 6 L.P. Printers 8

When theresponsibility for letterpress printing was taken over by the D.A.P.S.S. in 1918, 4 |.p. printers were transferred fros Battalion.

4. New Maps and Increased Needs.

July, 1916, saw the first overprinting of Battery and Target Maps. At this tingrttwth of the respective artilleries and of artillery intelligence
methods meant frequent revisions and a large increase of printing generally. In addition many maps Were reproducedrshemohefences.

Civilian presses were kept fully employed, dhd handpresses at Headquarters proved to be inadequate for the preparation of plates. Demands ha
been made for extra demy presses by all the Field Survey Companies (as the Topographical Sections had then becorse) theitnenveber

available had tbe increased by the hire of large handpresses from Arras. These handpresses Were of a clumsy and antiquated pattemh, but they
the advantage of size. and they saved a large nhumber of maps and made possible the preparation of plates which wereldibbigraged by the
civilian firms mentioned above. Thé&\,33rd and 5th Companies profited much.

The personnel was also increased by drawing in trade hands from the ranks. This expansion hardly kept pace, howevcreritie thie
lithography cdkd for, and the litho. draughtsmen were kept particularly busy.

The Somme Battle brought up a new type of @ahe Corps sheet. The succession of small offensives and gains and the changing situation called
for frequent editions. The result was that mprieting had to be done on the spot, and that outlines had to be made up locally by transferring from
other plates. A very great strain on the personnel resulted, and more men were drawn in from the ranks.

It was at this period that the inefficiency of thaterial and methods hitherto employed began to be so evident. Map issues had already begun to be
question of thousands, not hundreds; the number of plates to be grained, sensitised and prepared, and the wastewfrigneviergthing by hand
pointed without question to the need for provision of graining and printing machinery and of photomechanical processes.

5. Introduction of Machines.

In the Autumn of 1916 a demy machine was secured for the Printing Company at G.H.Q., but some time elapseddseforally erected. At the
same time the Field Survey Companies began to make demands for machines for their own use.

The provision of printing machines thus urged by the Armies was considered at G.H.Q. The principle was admitted tothe isawasidecided

that in the interests of mobility a demy and not a double demy should he issued. It was not appreciated that a flatbedadedhibe erected on a
prepared bed or floor can hardly be described as mobile whatever its dimensions mayrbatiés of fact, experience showed that there is not very
much to choose in the matter of mobility between a large and a small machine. All the parts of either will go individu@lgrotorry. The

troubles of mobility are mainly in the taking downdareerecting, and the additional weight of the double demy machine is more than compensated
by the large amount of time and labour saved in the printing of any particular area. Demy machines were ordered, hdvegaer,tarairive in

April and May, 197.

Meanwhile the 3rd Field Survey Company had been ordered to produce a daily situation map during operations which wamehe #taas Front
early in 1917. The programme could not be carried out with hand presses, and a double crown machighiyas/ately and erected in time to
print for the battle. This machine printed about 800 impressions an hour, and was kept running continuously throughuirdeagdraging (with
stops to change colour) 10,000 runs per diem.

6. Introduction of Mechanical Processes.

Outfit for the Vandyke process was asked for and obtained early in 1917. The Ordnance Survey offered to train the petdmfoed midsummer
all Companies were provided with Vandyke apparatus and were turning out good Vandykessandgsthe time previously spent on litho.
drawing.

In August, 1917, the first large copying camera (of a size to cover a double demy plate) was bought privately andtiBsiadedyaHeadquarters
Before this time the 4th Field Survey Battalion hidted making small wet plates and patching up. A good deal of ingenuity had been shown in so
doing, and it was due largely to these early experiments that all Field Survey Battalions were finally equipped.

In September, 1917. copying cameras were recdoreall Field Survey Battalions, in order to reduce weight they were only large enough for half a
double demy sheet. This proved to be a mistake, but it is doubtful if so masizédicameras could have been obtained.

About this date the Dorel or Orderax process was also introduced and used largely by all the Battalions.

7. Provision of Larger Machines.

Double demy machines were provided for each Field Survey Battalion in the autumn of r917, as were two power proviriepptesses; had
therefore wo machines, one demy and one double demy, and four to six proving presses. They had also both Hello and Vandykeveaitfits, and
capable of printing the special Army maps required and of supplying Corps Topo. Sections with most of the outlinesersefdbgvérprinting
additional Corps information.

Taking the Battle of Cambrai as an example, an average of over 10,000 runs a day was
printed on Army maps for the month of November, and some 5,000 odd runs for Corps Topo. Section outlines.

8. Assistancerom D.A.P.S.S.

Early in 1917 the Director of Army Printing and Stationery Services installed double demy litho. machines in connedtismAditanced Sections
in Army Areas. Process copying cameras also formed part of the equipment of these Sedsioves @tperiod of great activity, and at the time we
had nothing larger than demy machines and no large cameras. It was therefore of the greatest assistance to be alelefiatesnid divis

44



Department for printing, and they undertook a very largabrer of runs for us. In certain cases, too, such as message maps, diagrams, etc., original
material was handed over to them for reproduction by photography.

It was found, however, that there were considerable disadvantages in getting printing donate fdien the Headquarters of the Field Survey
Unit. Not only was tune lost in transporting the plates, proofs, paper, etc., but in many cases the machine mindeeehadanedto watch the
minute register and exact matching of colour which areired to get the best results in map printing. Furthermore, the small final corrections and
the touching up of plates during a run can only be efficiently attended to if the machine is close at hand to the pneo$ exahiitho. draughtsmen.

In spite d these drawbacks, the assistance received from this department at a time when
the equipment of Field Survey Units was still in an early stage of development proved invaluable.

9. Employment of Civilian Establishments.

Prior to the installation of machinasconsiderable amount of work was given to civilian firms in towns behind the lines. These firms had, as a rule,
very little idea of the requirements special to map printing, particularly as regards register and matching of colbessyeand inclinedo resent

too close a supervision. Their work was very slow, and they were sometimes unable to work because of a holiday, oeligmausewlas cut off,

or because they had a job for their Government. They could therefore not be depended ontfaoudtgear could maps of a secret nature for

obvious reasons be printed by them.

In a hostile country if any machines were to be found in running order these difficulties would largely disappear,dot dmel plorkmen could he
ficommande e r eridncelhas siibwrtthatehe prmy should be so equipped that no reliance at all need be placed on local resources for ma
printing.

In one instance a civilian printing establishment was found in a deserted town, and the
stones and hand presses formed a walsgble addition to the equipment of the Field Survey Unit in that area.

10. Overseas Branch of the Ordnance Survey.

The establishment of the Overseas Branch of the Ordnance Survey in France in December, 1917, gave the Survey orgdragasotfiera
satisfactory reserve of printing power in the country. The O.B.0.S. had a strength of 2 officers, about 120 o.r. and.60, Whd.4n equipment of
6 (later increased to 10) large litho machines and plant for all the usual mechanical processesul/bekdone by this establishment with an
expedition far beyond what was possible for the main office of the Ordnance Survey, which had many other calls upos diédddviiom the
front by the sea.

Valuable work was from the start done by the ©@.B., under the direction of Lieut.Col. W. J. Johnston, R.E., but it was during the retreats in the
spring of 1918 that its services became most in evidence. At that time, when most of the Army map printing plants waaroouit ofay be said to
havesaved the situation from the point of view of map supply.

0.B.0O.S. was itself, however, compelled to move in April, 1918, and was established in a new site at Wimereux, wheredtwetihétie end of
the war. The change was effected without stoppingwaoportion of the plant continuing in action at Wardrecques until the remainder was ready to
start at Wimereux. Throughout the move printing was continuous.
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Section 1.0 Technical.

1. Hand Apparatus and Methods.

The Printing Company, R.E., took the @&t the beginning of the war with an equipment designed for the rapid reproduction, by lithography or
duplicator, of field sketches, enlargements of existing maps, panorama sketches, etc., and for the printing of suchrostecsada as might be

regqiu red by the Staff at G. H. Q. I't consisted of hand Itidgnhfo.l eptrteesrsper
machine, a treadle press, a 5 in. x 4 in. copying camera, which was set for enlarging either twice or fauntihlesa A Panroso 5 i n.
taking panorama photographs.

Mobility and rapidity of getting to work on change of Headquarters were considered of prime importance, and the pangeguffices and large
numbers of copies was natovided for,

The personnel of the Printing Company had been trained at the School of Military Engineering, and had attained a vgrgehajftpdsficiency in
the strictly limited field covered by their training. The normal rate of working for the geesg, with three men at work, was about 120 copies per
hour, laying to register with needles. These men were conspicuous for the loyal manner in which they would work forslatghieolighest
pressure, and fully realised the importance of their vmtke fighting troops. Many of them kept well ahead in the developments of plant and
methods which afterwards took place, and remained in the more responsible positions in the Printing Branch of the FielitSurve

The Printing Company produced sevemlargements during the mobile operations on the Aisne in 19x4, and later in Flanders. These were made b
litho. tracings from photographic enlargements of the original.

Only two methods of producing work on stone or zinc were practised by the Priotimga@y) namely, direct drawing and drawing on transfer
paper and subsequently transferring to the stone. Practically all work was done by the latter method. When alteraiomefreqaired tracings
were made from photographic enlargements or redwgtion

Both stones and zinc plates were carried, but the former were much preferred, and the personnel were not really eskiiecifrethc.

2. Process Reproduction.

The various mechanical processes used by the Field Survey Battalions are heretdealyiibm the point of view of practical employment in the
field. No detailed technical description is attempted unless the process is one that is not commonly known.

(a) Vandyke.

(a) The Vandyke process is particularly suitable and convenient forinvthk field. The process is a rapid one, and under good conditions it is
possible to turn out a plate in an hour or two, though such speed is not desirable except in an emergency. The apphrditys lisis possible to

work without the two biggestems namely, the whirler and artificial lightin which case the only bulky parts are the two developing baths and the
printing frame. A whirler is, however, very, desirable, and unless artificial light is available the process cannot lsel deptentlin out urgent work
with certainty in a northern climate, and with the possibility of night work coming in.

There are certain points which must be recorded as against the many advantages of the process

(1) For registered work in colour it i&cessary that the different drawings should be exactly to size. No small adjustments can be made, as the
drawing is iii direct contact with the zinc plate. This difficulty is minimised if all the drawings are made in the sanamddbe plates are made
close at hand and under the same conditions as nearly as possible.

(2) Being a contact process, it does not allow for enlarging or reducing from the original

(3) The best results are only got from finished drawings in firm black lines, which entailsrgogtitsmanship. The fineness of the line, however, is
immaterial provided it is thoroughly clean and opaque. If the drawing is poor it is better to photograph it for the e&sm pro

(b) Helio.

(b) The Heliozincographic process proved to be indispensalitefor direct copying and for the production of enlargements or reductions. Before
the necessary equipment was provided for the Survey Units the only means of doing such work was either to send the Soigihatapton for

the plates to be made @rphotograph with the small copying camera and make a litho. tracing from bromide prints. The former method involved
delay and the latter was cumbersome and laborious, and gave indifferent results.

For work in the field the Helio process has the disadgentiaat the outfit is very bulky and requires most careful packing for transport. Also, it is
largely dependent on a plentiful supply of pure water.

Pending the supply of the oultfit, the 4th Field Survey Company made some interesting experiments tplatedunephotography with their

existing means. The first efforts attempted to adapt the Vandyke process. Bromide prints were used as originals for, \damdykizg found

impossible to get the density in these prints necessary to give good reisaitpts were then made by using glass positives made from the
negatives, but the attractions offered by the Helio direct from negatives led to a more determined research on trasthéindslid-process it is
necessary that the negative should bersad, and two methods were tried to gain this end: (1) reversing the plate in the dark slide, glass outwards;
(2) photographing from the back the drawing, which for this purpose had to be on tracing paper. The second method heamfrersliccessful.

The map was placed on a frame against a window and photographed by transmitted light. Considerable difficulty was expee@imogdvith the

yellow tint of the tracing paper, and also its grain or texture. A blue screen outside the window hacizbeffedt. The only camera available for
this work was the 5 in. x 4 in. copying camer a, ansdrfaebflademysizg f or
map.

Ordinary fAProcesso pl at e ssneessaytaenserd that al the negatives wgre of eqtiabdertsity, o ratleer, @qual clarit
in the lines, as the slightest fog gave broken results.

A direct Helio was made on a zinc plate sensitised with egg albumen and bichromate of ammonia feg#tiees,rand reransfers were pulled and
patched up for the area required and transferred to stone or zinc. A complete set of maps on the 1/20,000 scale wesnpdgparedo originals
in this way, each map made up from 36 separate transfers.

Lateron an 8" in. x 6" in. camera was obtained and greatly helped matters, but as dry plates were still used, the absalemdyivtsarequired for
photo process work were not obtained until the materials for the wet plate process were supplied.

24 in. x20 in. cameras were supplied in 1917, and as this allowed a demy sheet to be completed in a single exposure, thereefethvadd trsed
did not differ in any way from the ordinary practice of process reproduction. In the meantime the 3rd F.S.Biitied firemselves by private
arrangements with a fulized camera (36 in. x 24 in.), which was later taken over by the public, while the 4th F.S.B. made an extension for their 2-
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in. x 20 in. camera which, with the use of a larger lens which was obtantdefn, would have allowed fedized plates to be taken; but
unfortunately, owing to the lack of a silver bath of the required size, it was never used. The other Battalions conseubd ttemy size cameras.

In future it will always he advisable frovide cameras capable of taking the full size of the standard sheets in use. The extra bulk of such, apparat
need not be considered as against its advantages. It increases accuracy and saves the time andti@nsfieroing and patching up. Prein in
advance is necessary, as the large lenses required are not easily obtainable.

(c) Dorel or Ordoverax.

(c) Dorel or Ordoverax Procegsg-rom an early date a great amount of use was made by the French of the Dorel process. The process is similar to
Ordover axoSaralfeTor pa ocess of Messrs. B. & J. Hall and Son, of Lon¢
ferroprussiate blue printing paper and a patent composition. The blue print, in an undeveloped state, is rubbed ddwn hytdlale coated with

the composition, left in contact for a short period, and then pulled off. Wherever the light has been excluded by ththevorigoral tracing the
composition will hold ink when rolled up. The table is rolled up for each issye, which is pulled off by merely rubbing the paper on by hand, and
under ordinary conditions 30 to 50 impressions can be got off before the work begins to break up. As many as 90 impredsé@msdbtained. If

more are wanted a fresh sunprint cemiade from the original, and the process repeated. Any good raglitho. paper can be used for printing, but a
good stout cartridge paper gives the best results.

It is possible, by rolling up with transfer ink, to pull a transfer for laying down on starie@mut the results are usually rough, and in spite of its
name, exactness of size is not one of the great features of the process.

Registered work in colours has been attempted and fair results obtained. It is, however, a slow process, as eadtte paliefullt fitted by hand.
Another drawback to work in colour was that the inks supplied were not sufficiently brilliant to give a really goodreffaathaer experiments in
this direction might be made. There seems no reason why ordinary litashiokld not be used.

An advantage of the process is the large surface that can be printed on, which is only limited by the size of thegénamestinsed. Provided that
the light is good, or artificial light is to hand, it is a very rapid methqar@ducing a limited number of copies. Skill in manipulation is of prime
importance, but that can be easily acquired by any painstaking man. Efficiency depends largely on temperature andritLimiddyyeeather, such
as was experienced in ltaly durittge summer, little use could be made of the process.

The chief practical difficulty encountered with this process was in the nature of the composition. That supplied by Messis.Heall was found to
be too susceptible to heat. The Dareinposition (Maison Dorel, Paris) was better, while the composition made during the war by the Service
Géographique was an improvement on either. On the other hand, the special table made by Messrs. Hall is well desighaedednld inesmbodies
an endess band of linoleum, on which the melted composition is spread. The band can be rotated to provide fresh surfaces.

The process, subject to its limitations, is undoubtedly a useful one, and should form part of the equipment of a SurheyRusriich wed it largely

for printing and overprinting maps, though in the British Army, owing to the size of the editions usually required tortisstumops, it was not

much used for map work. But it proved invaluable for reproducing working diagrams fangireeErs, line charts for the Signal Service, etc., and as
many as 10,000 prints in a month have been turned out by one unit. It was used also for making working prints from tinsaygiagghich were

about to be sent away to Southampton for reproduction.

(d) Duplicators.

Ellam Duplicator®d Exhaustive experiments were made before the war with duplicators of various kinds, and there is no doubt that the pattern
adopted was the most practical and satisfactory for general purposes. In the form suppliBdrto teet i ng Company it was Kk
the apparatus provided during the war was made by the Ellam Company. In this duplicator the design is drawn with adreedwsoiet silk

sheet. The point carries away the wax and leaves the silkitvaming a stencil, through which the design can be transferred to paper, in any colour
desired, by means of inked rollers.

The Multicolour Duplicators which formed part of the equipment of the original Printing Company were seldom used by Thatyunitre much

quicker to use than the hand presses, but gave far inferior results. Ellam Duplicators were, however, extensively @sddrnyatbons for the

production of sketches to illustrate Intelligence summaries, Reconnaissance reports, etc.j@emloenskill was acquired in their use. The work is
limited in size; 16 in. x 13 in. was the largest size supplied, and it is understood that there are practical diffitwdtigayirof increasing this. In hot
weather trouble is experienced with thaxwsheets on which the drawings are made. The paper used must be of an absorbent nature, otherwise the
impressions never dry properly, owing to the nature and quantity of ink that must be used.

A stencil can be prepared in about two to four hours, depgmudithe amount of work done, and 300 copies in one colour can be pulled in one hour
unless the weather is too hot.

A very large number of outlines on absorbent paper were printed on the litho. machines at Army H.Q. to be overprinEidmrdbplicatos at
Corps H.Q. As an example of the number of Corps maps used, three Corps Topo. Sections issued in one month beforé Gmrbattiadotal of
over to 100,000 maps.

Other Form8 Considerable use was made by lower formations of hektographs ammplags. These proved satisfactory within their limitations,

and possess the advantage that the complete drawing in all its colours can be laid down, and no trouble with regist@riaderaty size of sheet

can be printed if a suitable tray for thengposition is made. It is noteworthy that the Germans made extensive use of these copiers for their trench
maps of local sectors of the front. The disadvantage of this form of copier is that the number of copies that can bmiisemiabout 50, ahthe
colours lose brilliancy rapidly in the later copies.

Sun printing frames and accessories were issued to Field Survey Units, being used chiefly in connection with the Oodessta&upr printing
was, however, extensively employed by certain aiehnical units and departments.

3. Letterpress Printing.
As above stated, the equipment of the original Printing Company included a treadle printing press, intended for useaatBedan hand
letterpress machine, and a limited quantity of type.

The printing of Routine Orders and all other letterpress jobs required by the Staff were undertaken. Boston pressesqughigdrtiiable, and
some of those which started work at the beginning of the war were still in good order at its close dfi@dvaesage. They are, however,
extravagant in labour, three men being required to get the best speed out of them, but their output of about 1,100cxopgesaisfactory.

As work increased it was found necessary to add a treadle press (whichlsotid driven by power if required) and a further supply of type to the
equipment with each Army. The staff of compositors was also strengthened, and the letterpress branch became onetalepatuepts of the
Field Survey Units.

Concurrently the Dector of Army Printing and Stationery Services had installed a printing establishment at the Base fitted with the most mode
machinery. This, to some extent, relieved the demands made on Field Survey Units, but not altogether. The delay calisgibbg sevay and
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the time lost in returning proofs for correction caused the Staffs to prefer that their work should still be done omyh@uspey Units. This was
therefore done, but the work proved a strain on the Field Survey Battalions, who eivignihll treadle presses, were not properly equipped to deal
with the printing required by modem conditions. It was recognised therefore that it would be sound for the Director eintingyaRd Stationery
Services to take over all printing, and thimnisfer of responsibility was carried out towards the close of the war. At the same time it was admitted the
experience had shown that the special conditions at Army Headquarters could only be satisfied by having a printingeaaitfiacid, so thahitly

jobs could be undertaken and urgent work rushed through when required. The D.A.P.S.S. therefore installed local poe&segeartbe hulk of

the plant and staff previously employed by the F.S.B.

The fact that Field Survey units will always reguir letterpress outfit must, however, not be forgotten. There is a constant demand for type transfer:
for notes, headings. etc., for maps. Furthermore, it is very desirable that all technical printing, such as lists oft3rigr@dars on survey ntats
and maps distribution, pamphlets of instruction, etc., should be printed under the direct supervision of the Survey Unit.

The supply of type for this purpose should be liberal, and should include all varieties likely to be required, inclutlitgp&rred mathematical
signs. One of the greatest difficulties throughout the War was the continual shortage of type.

4 Plant and Machinery.
(a) Stones and Plates.

(a) The original equipment included zinc plates, but the men of the Printing Co. had noaimeshin ugto-date methods of using them. It is fair to
say that this was an omission in their training. It is true that stones have certain advantages over zinc for quickavahle @peécial purposes for
which the Printing Company was designed; dmizinc plates were carried it would have been wise to have attached more importance to their use.

In the event two factors made the use of zinc plates imperative, namely
(1) The stationary Warfare, which entailed the keeping of a large number of quitldeees, etc., ready for reprinting.
(2) The adoption of double demy sheets, and the consequent weight of stones and the impossibility of getting enough of them.

Many of the trade hands obtained from the Infantry were experts in zincography, andiemagdiiiable instruction in the best modern methods was
given by Mr. Crawford, Superintendent of Lithographic Printing at the War Office, who visited all the Survey Units.

To obtain good results with zinc, an abundant supply of pure water is essentias fidti always easily obtainable in the field, and in this respect
stones have a distinct advantage. The graining is also an important point, and it is necessary, if the plates aragowwtanthiat sand of the right
quality be forthcoming. Graingncan be done by hand, but it is a slow process, and less reliable than a machine, which should always be provided
a Survey Unit.

(b) Litho Machines.

(b) A list is given below of the various hand presses and machines used. These call for no spekilercept that on the whole they proved
reliable, and stood the constant dismantling arefeetion better than might have been expected. All machines supplied werelsaedndith the
consequence that some were shaky and made good registratiantdifine was not provided with fliers, which made it necessary to employ an
extra hand.

It was not till towards the end of 1916 that the first machine was working in France. Previously all printing had beeknigiaad. The Field

Survey Units were natll equipped with machines till May, 1917. The first machines supplied were demy size, and some very good work was done
with them. Later, a double demy machine was added to the equipment of each Unit, and the larger printing surface sgueat amenyt of time

and labour in covering any particular area. The difference as regards portability of the two sizes turned out notyarbpataet factor, as was at

first feared, for no individual part of the double demy, when dismantled, is too laggeototo a 3on lorry. Three lorry loads were required to

transport one of these machines.

At the close of the war the two southern Field Survey Battalions had one demy and two double demy machines in actiertrthddulole demy
machines being fromeserve.

An American direct printing rotary machine, mounted on a special lorry, was also lent by the American TopographicauSgetioned of the
greatest use.

The proving presses used call for no special comment, except that the tympan freomes wiere found to be slightly too small to take a double
demy plate. But this merely emphasises the necessity for a rigorous inspection before despatch, as mentioned elsewhere.
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Size And Speed Of Presses, Machines And Duplicators Used.

PressedWlachines, etc. Pattern. No. per hour on one colour Printing surface in inches
Hand Presses.

Foolscap Furnival 13% x 16%

Demy " 22% x 17%

Royal Grieg, Edinburgh 25x 20

Double demy Various 35 x 22Y%

Quad demy with machine drive ~ Mann 45 x35

Printing Machines (Flatbed)

Demy 900 22Y2 x 17%

Royal } _ { 900 25 x 20

Double Crown Furnival or Mann 800 30x20

Double demy Ratcliffe 750 35 x 22Y%»

Double demy (Rotary 1,800 34 x 22
direct printing) American
Ordoverax English Messrs. Hall, revolving Average 50 per hour; Up to 45 ft x 35 ft depending on
Dorel. band on table. depends on job and size ar size of printing frame.

French.Zinc plates. number of operators.

Duplicators.

Brief. Ellam. 250 13x 16

" Zygad 250 about 14 x 17

Nearly all flatbed machines were rebuilt machines by Mann.

(c) Other Machines.

(c) (1) Each Battalion had a guillotine. They were worked by hand power and met requirements. A guillotine is an egserit@héidhould have a
blade long enough to cut paper lengthwise.

(i) All Battalions had graining machines, which were in most cases of local manufacture. They should be part of theejugmulant of a Field
Survey Battalion.

(iii) A small stitching mahine is useful for binding pamphlets, etc. These were carried by each Battalion.

(d) Power.

(d) Power was provided by oil engines. The shifting of these when Army Headquarters moved was always a difficult pitblelevejggs to be
moved were great arttle provision of concrete foundations took up much time and labour.

Power was transmitted in all cases by shafting and belts. This was one of the most serious causes of delays. Théherebtdingfwas always a
troublesome business, and it freqilghad to be altered and rearranged to suit the building into which the machines were put. The need was felt ea
of a more convenient form of transmission, and arrangements were made for all machines to be fitted for electric dstiitiésickasd before

this could be put into force. Electric drive is undoubtedly the only practical method of dealing with machines thaténabéttdlronstantly, and all
machines for active service should be fitted in this way.

(e) Light.

(e) Acertainnumberfo acetyl ene | amps (of fAoverhangingo table pattern) were
l'ighting was electric. Current was provided by a spaltén bad the adlvagtage r o |
of being standardised throughout various branches of the Army, and spares were, therefore, the more easily obtairtableoengent for

moving about, in that the whole unit, including the watertank, iscegifained on asilge bedpl ate. A battery of 30
provided.

Good |lighting of the Headquarters of a Field Sur v eiptingkooms,isofprime| ud
importance. Current was occasionallyaibable from public mains, but it is essential that a set of at least the capacity described above should be
carried as part of the regular equipment, and it would be better that it should be duplicated.

Light for printing and for illuminating theopying board for photography was provided by Cooper Hewitt mercury vapour tubes. Their chief
disadvantage for work in the field is that they are fragile, and require the most careful packing for transportatmmdigaihents received from
the makerst was usually found that a proportion were broken, and allowance should be made for this when ordering. They alsdlrequée, sk
and it is for consideration whether it would not be better to use arc lamps in the field as being more reliable.

A Halden electric copier, which consists of a glass cylinder around which the tracing and blueprint paper are fixed, aneldlhyranadrc lamp
inside the cylinder, proved very useful. These copiers were chiefly used for making blue prints for Ordoesgraisdrtequire careful handling for
transport.
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Section Ill.d Map Supply.

1. Early History.
(a) Arrangements for the E.F.

(a) Small scale maps had been prepared for the original Expeditionary Force in the event of a possible war on theT@esgremprised one
strategical map on the scale of 6 miles to 1 in. (1/380,160) and 26 sheets of a tactical map. The latter consistetbaff 1besth&e00,000 of

Belgium (including the old small Mons sheet) and 16 sheets of the 1/80,000 of France. Theeaxsshwas that north of a line drawn from Le Havre
to Luxembourg.

In addition to the above maps plates had been prepared for sheets to the south of this area from which a supply ¢edIduekbyiif required.

The tactical maps were divided into fiies et s, 0 | ettered A to E, each consisting of frori
containing either a supply of all sets or of one set only. The boxes were kept with the mobilisation stores, and oeakebwtirwere taken toeh

front by each Division. The plan was that the particular set required would be issued and the remainder kept in tHerdinggorta or, if it

appeared that they were unlikely to be required, would be sent back to the Base.

The whole of the first Bue was thus with the troops in the field. The arrangement for replacement was that another complete issue would be print
and sent to the Overseas Base as soon as mobilisation was ordered.

It was not long before the whole of these maps had found thgitonthe Base on returning supply trains or had been left in Belgium.
The criticisms that may be made on this scheme are as follows

(1) The number of maps carried by the troops was altogether too great. The supply of 26 sheets for a single InfantwgiBhgdd®nsiderably
over a ton, or. allowing for one set issued, meant about one ton to be carried in transport.

(i) The division of maps into sets was a mistake. It meant that in order to obtain, say, two sheets required for dperaissamouing to 10 or
12 sheets, might have to be issued. It is impossible in a campaign to know what set will be required or if operatibnemwirfeently upon a set,
so that packing by single sheets is the only practical method

(iii) The break of scale ithe middle of the area was a grave mistake. It was due to the decision that as the French would fight on the 1/80,000 we
must do so also. There was practically no overlap between the two scales, the result being that troops had actuaiiym faghining maps of
different scale and style.

(b) Supply during Retreat.

(b) The troops quickly got off the area for which maps had been supplied. A stock of 1/80,000 sheets of the area tbatiebseuntbbtained, and a
number of these were recovered frRouen, while others were obtained from the Service Géographique in Paris. A few hundred of each sheet was
all that it was possible to obtain in those days, but the smallness of the force made these numbers enough to be Susplyenesecarried out
personally by the Officer if 1/c Maps, G.H.Q., assisted at times by officers of the Intelligence Corps.

(c) Supply until Armies were Formed.

(c) From that time until the First and Second Armies were formed map supply was carried out direct to Divisicnasiodally Brigades by Maps,
G.H.Q., with the aid of one boxcar. The supplies consisted mainly of small scale maps, supplemented by a few 1/20,e80)\ppiehiographic
enlargement of the 1/80,000.

2. Arrangements in 1915.
(a) Issues of Small Scalslaps.

(a) As the situation became clearer troops subsequently sent to France were supplied before embarking with mapsofitiiehatieayi were
likely to operate. These were five sheets, 1/80,000 Arras, Lille and St. Omer, and 1/100,000 Ostenthand Tou

In February, 1915, the opinion of Divisions that had been much on the march was obtained as to the number of mapsahaénwmrity be
carried. The general opinion was that 16 sheets could he taken, of which four would be carried on taeighaisam the firstline transport of the
unit. These numbers were convenient, as for the officer they represented a useful area and for the transport themiedanifpBattalion) two
map boxes. The sheets issued under this scheme to troopg IEagland as well as to those in France were

1/80,0000 7 Arras, 8 Lille
1/100,000 1 Ostend, 2 Ghent, 3 Antwerp, 5 Tournai, 5a Hazebrouck, 6 Brussels, 7a Mons, 8 Namur.

By the autumn of 1915, when it was evident that trench warfare would continue pedefpstely and the British front had greatly increased, troops
in France received only 4 1/100,000 sheets, according to the Army to which they belonged, while troops proceeding fidbne&gigéahonly two
sheets, 5a Hazebrouck and 11 Lens, theseltleinsheets in which practically all detraining took place.

Other maps required by newly arrived troops were issued under Army arrangements.

(b) Beginnings of Large Scale Maps.

(b) During 1915 large scale maps gradually came into general us&/2lhe00 of Belgium was available from an early date, while that of France
was being produced as described in Chapter 1. The 1/40,000 of Belgium was also available at once, but that of Frapyeedidumil some time
after the larger scale, except tbe areas of which Fortress Plans Directeurs existed, as round Lille.

The issue of 1/20,000 was confined strictly to troops in the fighting line, artillery, and Staff. The issue of the 1/48,80frst very limited, and no
squared maps weissued to Signal and Supply Units, Divisional Cavalry, Cyclist Companies, Field Ambulances, R.E. other than Field Companies
etc. It was ordered in February, 1915, that references to maps other than the 1/80,000 and 1/100,000 must only be nwealskadwen that those
concerned were in possession of them.

Continual demands were received from other units for the issue of squared maps, because orders so constantly refeiMedtgebton was

raised by G.H.Q. to the issue, but it was consideredhbateed for them should be established before embarking on much larger scales of issue tha
had previously been contemplated. Finally, after reference to the Armies, G.R.O. 878 was issued in May, authorisirgf &f43&600 to all units.

It is noticeable that this scale did not allow of 1/20,000 for Infantry. It is evident that the large scale map was at first aredtfiores@garded as a

purely artillery need, and that at this date the detailed trench map for infantry was not contemplatedi@tare general issue.
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(c) Mobile Reserve.

(c) The G.R.O. above quoted | aid down that the sc alsiegeopérations lkeitee o f
present. 0 The great value afpptrleiladarger andal @astwes auhoamavef 19I5
of the First and Second Armies (but not to the Third, as no 1/40,000 were then available of their area).

Maps 3265, of 7/10/ 15, stdodthaetlse objeitloftthis sssuesusltodorovide Staffs and Commandens dith a map for
reference which will give them more detailed information about the ground than can be obtained on the 1/100,000, ing thatihg operations
the 1/100,000 willbé he of fi ci al tacti cal map on which orders wild/ be given

This reserve consisted of ten 1/40,000 sheets, Nos. 21, 22, 23, 29, 30, 31, 37, 38, 39, 44, and covered the are2{i00 #iedtd already issued
as far as Brussels. It was issued packdtiinx e s or packets, marked fiReserve sheets 2144,0
G.0.C.R.A,, C.R.E,, Signals, and certain other units. The rate of issue was 10 to Divisional and Brigade Staffs, &sd 2 to un

As the organisation for Mapupply developed, and the reserves held by the Survey units increased, this Mobile Reserve became unnecessary, an
was not maintained. It would have proved very useful had a forward movement taken place in the early days of the was. @nothétblyised by
those units that possessed it in the final advance.

3. Supply to Armies.

With the gradual growth of the use of large scale maps, and the increase in requirements generally, map supply devehigextgattsation. At
first this supply was badeentirely on England. Later, as means of reproduction became available in France, a large proportion of the work in
connection with large scale maps was transferred overseas; but a certain amount of large scale work was done in Engtahoftihéhar, and
practically the whole of the small scale production throughout.

(a) England to G.H.Q.
(a) Maps supplied from England were sent to France by two routes.

(1) Nonurgent maps by steamer from the Ordnance Survey, Southampton, to Havre, thence lyeraiépots at Rouen,
Abbeville or Calais.

(i) Urgent maps by steamer from Folkestone to Boulogne, thence by road to G.H.Q.

The consignments of nairgent maps were sent to Havre weekly. Urgent maps went by train from the Ordnance Survey Southampdom o L
where they were checked by M.1.4 and seen on to the Folkestone train. The supplies via Boulogne arrived daily, witlmut fesoepbout
November, 1914, until hostilities ceased.

(b) G.H.Q. to Armies.

(b) From G.H.Q. maps were supplied in budk&rmies by road. It was on several occasions suggested that the supply should be carried out by rail, |
order to save motor transport, and a trial of this method was made more than once; but rail transport proved entilbdéy Meqstavere nearly

always wanted urgently, and the delays incidental to rail transport put that method out of the question. Map supply fergquoitéralif the supply

of ammunition, food, and other stores for which the time taken on the road does not as a rule mattesssoregglar daily supply is forthcoming at
railhead. Maps of the kind required in the war must travel quickly, or they become useless. Moreover, again unlike yocérsaippinaps must go

to certain destinations, and interchange is not permissible.

At the end of the war an Advanced G. H. Q. Depot was formed at Arras and maps were sent there by rail from Boulogrieationthed then
changed greatly, and was mainly a question of large quantities of small scale maps.

Rail was also used for theroeeyance of small scale maps or any maps not required urgently, from the port to the Base Depots, and thence to G.H
or direct to Armies as required.

(c) Time Taken.
(c) Itis of interest to note the time taken to obtain maps and kindred stores darpegitd when map supply was dependent entirely on England.

The demands sent were as a rule of the following three types.

(1) For blued A new drawing or correction drawing sent, and blue impressions only required.

(i) For copiesd Either new drawings arorrection copies for the preparation and printing of a new edition.
(iii) For zinc Plate$d Duplicate plates to be made for F.S. Battalions from drawings as above.

The times taken were on an average as follows. In each case 2 extra days are inclugledaowaitertainty of communication. It was not
uncommon for sailings to be stopped on account of mines, and other delays happened. The shorter time was possible lsteedraworgpvas
sent; the longer is due to the extra time required when corrextjpes only were supplied.

The time in every case means from dispatch from the Army to receipt by the Army.

(1) For blues, 8 to 9 days.

(i) For copies, say, 10,000 (this includes folding), 13 to 15 days.

(iii) For zinc plates, 8 to 10 days.

Theabove may be taken as average times.

Much more rapid work was done on special occasions, but this probably meant the suspension and consequent delay of other work

For example, at the end of 1917 a case arose in the Third Army in which 10,000 copiésaffteacmaps in four colours were wanted very
urgently. A special messenger was sent from the Army to convoy the plates to Southampton and bring back the finished copies.

The following is the timetable.

Dated
November 8 10.45 p.m. Left Army H.Q.
Novemberd 5.00 a.m. Arrived Boulogne
November 11 9.20 p.m. Arrived O.S. Southampton
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November 12 11.00 a.m. Printing completed and packing started

November 13 4.50 p.m. Left Southampton

November 14 4.00 p.m. Arrived Boulogne

November 10.00 a.m. Arrived Army H.Q.
Say 5% days

(d) Supply in France.

(d) When Field Survey Battalions carried out a large part of their own reproductions, and later when O.B.O.S. startguplydrions England
were (as far as large scale maps were concerned) mainly confibi® @00 scale and to flat copies of 1/20,000 for local overprinting.

Maps printed by O.B.O.S. were as a rule sent to Armies through Maps G.H.Q., as
orders had often to be distributed among more than one Army. Occasionally they were sent direct.
The timesaved on normal orders by the establishment of O.B.O.S. was about two days

for travelling, two for uncertainty of communication, and about one for extra quickness in transmission of orders; abmtafioe days less on any
order.

4. Supply to Troops.
(a) Division of responsibility between G.H.Q. and Armies.

(a) Maps G.H.Q. supplied maps direct to formations directly under G.H.Q., such as Cavalry Corps, Indian Cavalry CorpggoGpd; @hile Field
Survey Battalions supplied to all troops in #enies. Troops temporarily under G.H.Q. orders were supplied under instructions from Maps G.H.Q.,
as it was usually more convenient for the nearest F.S.B. to provide for them.

(b) Supply to Units.

(b) Theoretically maps should have been delivered by F.& e Corps, but as the Corps has no organisation for map distribution, in practise the
Survey units almost invariably delivered direct to Divisions throughout the war, and the Divisional Staff was respomutsitibétion within the
Division.

In ore Army deliveries were made to the Corps H. Q., but it was found that troops did

not get their maps so quickly nor so certainly by this method, and unless the Corps is provided with proper organisatispanébr map supply
it should not be adopted.

At the beginning of the war maps were supplied in bulk to Divisional H.Q., but it was soon found that the Divisions @atheeiteans nor the
knowledge to ensure a correct distribution to the troops. Consequently the system was adopted of supgly@agiynpacked in parcels addressed
to the various units or lower formations. Parcels were made up, for example, for each Infantry Brigade, for the AgifEgr€E£R.A.M.C., etc.
This made it reasonably sure that each unit would get the maps toitwvas entitled.

Occasionally during the rapid movements in 1918 maps were again delivered in bulk, but
at that date both divisions and troops were full of experience and were able to deal with them.

(c) Advanced Map Depots.

(c) In order to cope with thifficulties of distance and lack of transport, Advanced Map Depots were established near the front line by most of the
F.S.B. These saved a good deal of wear and tear of transport, and were also a great convenience to troops, as replddeenelmished from
them in small quantities without reference to higher authority.

(d) Special Map Cars.

(d) During the 1918 retreat the 3rd F.S.B. sent out nbapsxocaayrnreopsc o n s
found in need bthem. These cars were in charge of officers, and did valuable service.

5. Transport.

The efficiency of map supply to troops is very largely a question of transport. As stated above, maps are usually geqtlyednd the nearer one
gets to the frontthe worse and more congested do roads become. To be of use transport must therefore be plentiful, reliable, anshadoy to go
road on which motor traffic is allowed.

The transport allotted to a Field Survey Battalion was (excluding two touring tbeies) boxcars, which should have been x~ cwt., but were
erroneously put down in the W.E. as 8 cwt., and eten3orry. When it is remembered that at least one boxcar was required for the very important
work of transporting parties of surveyors for figiour own batteries or other work, and that apart from breakdowns (which were frequent) every
vehicle had to go into the shops for inspection and overhaul once a fortnight, it will be seen that what remained fplynwesssaipsurdly

inadequate. In an Aty an average of 12 Divisions had to be supplied, and this number was frequently largely exceeded. The complete supply of
maps for a newly arrived Division totalled about 10,000 sheets, and weighed something over a tdgonToey3was not allowed on any roads,

and its usefulness was consequently greatly curtailed.

When operations were contemplated or in progress all difficulties were multiplied many times. The situation could orthy lsimgthe boxcars

and lorries of the Sound Ranging Sectiars] by borrowing from Army or G.H.Q. pools. The former method was merely robbing Peter to pay Paul,
as it rendered the Sections immobile at a time when they might have to move. Few instances occurred when it was po$sigdromyg Army

pools, as thee were naturally required as a reserve for breakdowns; so that the G.H.Q. pool was the last resource. It must be acthaiwielgge

was generally obtained here, to the extent of about three light (6 or 8 cwt.) boxcars for an Army engaged in ppetétimesnt personal

application and effort on each occasion, and there were times when it was really extremely difficult for G.H.Q. tolelpt @trsll.

Difficulties of this nature were due to the general situation, and will doubtless occuiragianiiar circumstances, but they will be at least mitigated
if needs are recognised and ample provision made in establishments.

Objection was taken above to the decentralisation of map distribution to the Corps, but this objection would vanisteifetiae®eirvey unit with
the Corps, responsible and properly equipped for map supply. Such a unit should have, say, two 15cwt. boxcars andamg FabwtSurvey
unit with the Army had two similar boxcars (for map supply only) for urgent delivenes,say, two 30 cwt. and onddh lorry for deliveries in
bulk, the question of map supply to troops would be on a satisfactory basis.

The transport at G.H.Q., for map supply only, was three 15cwt. boxcars, two 30cwt. lorries, anddhrieers. Wth this all urgent consignments
of maps had to be brought from Boulogne to G. H.Q., where they were sorted and sent on to Armies. The division of itpspasshzt G.H.Q.
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delivered to Army H.Q. and F.S.B. delivered beyond that; but the F.S.B. fithgbed to send their own lorries back, as breakdowns or the many
calls on the G. H.Q. transport made it impossible to guarantee a certain service.

Much assistance was obtained towards the end of the war from O.B.O.S., which had two good boxcarssankbay30c

6. Supply to Troops moving to other Parts of British Front.
From the middle of 1916 the practice of moving Divisions rapidly from one part of the front to another became commangerdeants had to be
made to provide them with the maps theguired both for the movement and on arrival.

For this purpose it was arranged that each F.S.B. should hold a stock of small scale maps of other areas, to issmansferoepdrom their Army

to another (to provide for the march and billeting aivaf), and a special stock of large scale maps for issue to troops on arrival. Troops transferred
were thus provided with a small supply of small scale maps before leaving, and received their fully supply of small staldangerrival. Special
arrargements had to be made for this, as the movement of Divisions was frequent and rapid. Stocks were therefore, madaakzdeany peld

as a special AReinforcement Reserve. o

7. Supply to Troops Transferred to other Fronts.

(a) Interchange of Material.

(a) In February, 1918, the possibility arose of British Troops operating on the French front and vice versa.

It was therefore decided to interchange maps and topographical information with the French. This was carried into efeetxchadged 12

copies of every existing 1/20,000 map, battery position and enemy organisation maps, map indexes, trig, lists, and coryretisitnalrsl this
was kept up for every new edition.

In this way both the French and British had immediately available the tinfermation for any region to which troops might be sent.

(b) Liaison Officers.

(b) In order that map supply might proceed satisfactorily arrangements were made to send a liaison officer to Map$ F&hcQ troops
intervened in British area, to the Service Géographique if British troops went to the French area. From these Headquarters liaison officers were t
be despatched immediately to the Field Survey Battalion or the Groupe de Canevas de Tir which dealt with the sectar.in questi

Under he arrangement of interchange the liaison officer was in a position to take to the moving troops a small supply of th¢heapstbr to be
taken over.

Certain scales of issue for both British and French troops were fixed.

In the case of British troops moving to the French front the following duties were laid down for the liaisondfficer :
(1) To make himself thoroughly acquainted with the French maps available.

(i) To know the scales of issue current in French and Bréisnies.

(iii) On arrival at the Service Géographique in Paris, to explain in detail the area

being occupied by the British Force and the strength of the Force. To find out when

maps would be available.

(iv) On arrival at the Groupe de Canevas de TihefArmy, to find out all the

geographical data available.

(v) To get into touch with the British troops as soon as possible and to supply them with all material from the G.C.T.A.
(vi) To report regularly and frequently to Maps, G.H.Q.

The work of this offter was intended to be the preliminary arrangement to ensure that supply was put into proper running order. He was to be the
intermediary only and to hand over everything to the 0. C. Corps Topo. Section, who would keep the map stocks and make issues

British troops did subsequently operate on the French front, and the arrangements for liaison were put into force. Theecbsattgiactory in
every way, and the Corps concerned received without delay all maps required.

(c) General Instructions.

(c) Geneal instructions for Map Supply to a British Corps operating in an area where the whole or part of the maps were Frissdedvereach
British Corps. This explained

the work of the liaison officer, and also gave detailed instructions to be followthe IGorps to obtain maps before the arrival of the liaison officer
in the case of a move into French area at short notice. These instructions were accompanied by short notes on Frenglamsaguschlogl index
diagrams to British small scale maps.

(d) French Troops on British Front.

(d) It was found that in general French troops arrived before the Groupe de Canevas de Tir. The Field Survey Battidienissbetemaps at once
direct to the French Divisions, the numbers required being given by thehAraison officer attached to the British Army concerned. The scales
supplied for a French Division were in all cases very much smaller than those for a British Division. Indeed, so smwlapjzbtr to be by

comparison with our own issue that weriesed them by a half. The French forces were completely satisfied with the maps and numbers supplied
them.

It was found that specially detailed French liaison officers were not required for this map work. The French units haeeatheattached liaison
officers. These proved to be a sufficient channel of communication for all needs.

8. Map Supply in 1918.

(a) Retreat.

(a) During the German attack in 1918 unexpected and heavy demands had to be met at short notice, and this for almosf the fwimb!
Fortunately O.B.O.S. was in action. Existing stocks were soon used up, but the situation was kept in hand by printing
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U back area sheets at full pressure at O.B.O.S. The situation was made more difficult by the fact that four of theSiwedyethttalions had to

move their H.Q., two of them so quickly that large numbers of maps were abandoned. Probably the greatest difficuktyiofl tviaspto keep in

touch with units. Maps were available, but in some cases they did not reach the unitsgéuern simply because they could not be found. This was
not in any way the fault of the map supply Organisation, but simply due to the abnormal conditions at the time.

(b) Advance.

(b) The change from defensive to offensive warfare was very sudden rdingtstown on the map supply organisation was consequently severe. Up
to the very moment of the first Allied attack we had been engaged upon the preparation and issue of backarea. sheetsdogzdvicase of the
necessity for further retirement.

In the early stages of our advance special provision was made for each stage of the attack. Later, when the advancet®@@dergee rapid,

our energies were concentrated on the supply of the eastern sheets of Belgium. The 1/10,000 scale wpsrsiem ss the advance became too
rapid for it to be of use, and printing facilities were required for the provision of the smaller scales. Very large ouivib@ds000 and 1/40,000

sheets were issued, and in the later stages the 1/20,000 scaleywasusmtl when a temporary delay in a particular area was experienced. The scale
of issue of 1/40,000 sheets was increased to correspond with that of the 1/20,000 scale, when the latter was suspended.

The chief difficulties of supply and provision duringettapid advance before the Armistice were
(1) The absence of any warning of impending special attacks by us. Special provision could not therefore be made.
(i) The frequent changes of units from one portion of the front to another, which involved maissuesy

(iii) The uncertainty of the line of advance of the various Divisions. This necessitated in many cases the issue dfesmtsecaite same Division
and increased enormously the total required. Many such issues were never used.

(iv) The continal increase in the distance over which maps had to be transported and distributed.

Some idea of the number of maps distributed at this time may be obtained from the fact that, during the two and a Hatimibretiieginning of

August to the middle of Qober, Maps, G.H.Q. distributed to the Field Survey Battalions over two million sheets. One million one hundred and nine
thousand went to the Third Army alone, and of these half a million were on the 1/20,000 scale, These figures are adl&iorag printed by the

Field Survey Battalions themselves. Their own printings were very heavy.

9. Reserves of Small Scale Maps.
The reserves held varied from time to time according to the nature of operations.

(a) Up to 1917.
(a) Up to the end of 19x6 reserwgsre based on the following principles

(1) That enough should be available in the country to permit of a full issue to all troops of any sheets which mightlz¢ eamparatively short
notica i.e., of sheets immediately to the east or south of thesBffront.

(i) That enough should be held to allow of a half issue of certain other sheets

d i.e. those further east or south.

(iii) That the reserve of any maps in use should be a minimum of 25 per cent. of the full issue.

(iv) That a similar 25 per ceneserve should be held by the War Office.

The above reserve was (in France) called AA,0 or NoremmdtoRE@.er ve,

The full issue (see (1) above) was at first held by G.H.Q. and lateetrmies, and when issued was automatically replaced by a 25 per cent.
reserve in the L. of C. Depots.

Stocks held on the L. of C. under this system varied from 10,000 to 55,000 of any single 1/100,000 sheet, and wer@@pftoetrfath 1/250,000
sheets.

In addition to the A Reserve, a B Reserve was held as required. This was a reserve collected for special operatidnsGokti€yednd not
touched without reference to G.H.Q.

(b) During 1917.

(b) At the end of 1916 the system of A and B Resenasdropped, being replaced by a reserve on the L. of C. sufficient for a definite number of
Divisions which might be put into any part of the line to carry on the results of a definite series of operations. Thpeaaticals were provided for
by speal orders for maps, based on the number of troops taking part in the operation itself. The maps received in respergetidhasiers

were not treated as reserve, but were sent immediately to the Army.

Under this scheme reserves of sheets eabedirte were held for 20 Divisions, which at the rate of 1,350 a Division came to 27,000 of each
1/100,000 sheet except the most southerly, of which half that number was held. Later this reserve was increased tcsBe@6@rQfhich the line
fell abaut 20,000 were held. At the same time from 5,000 15,000 of the 1/250,000 sheets were kept.

(c) 1918; Final phase.

(c) During 1918 the constant movement of troops led to very heavy demands for 1/100,000 maps, so that additional steckssaeye90,008f
some sheets were issued. It was impossible to lay down a definite stock, and the situation had to be considered feynirdasder tb provide for
requirements and to settle the order of precedence of supply of sheets.

During this period th@ormal stock in hand was 30,000 of all 1/100,000 sheets to the German frontier, and from 5,000 to 15,000 of the 1/250,000.

10. Reserves of Large Scale Maps.
Reserve stocks of large scale maps varied in the same way according to the period of the war.

(a) Until 1917.
(a) Until 19176 A and B reserves were held, but the A reserve was not calculated on the same basis as was the case with small scale maps.

The A reserve was:

1/40,0000 5,000 of main area of operations, as far east as Ghent, Peruwelzebe;2a000 of area north and south.
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1/20,0000 5,000 of sheets immediately east of trench maps; 2,000 of other sheets as far east as the 1/40,000.
No reserve of trench maps was held by G.H.Q. These were demanded as required and held by Armies.

(b) During 1917.
(b) During 19175 A and B reserve were abolished, as explained above, and the following stocks held
1/40,0000 10,000 of 28 Ypres and 51b Arras sheets, on which Armies overlapped; 6,000 of other sheets as far east as Ghent, us&atrdu, G

from Thourout in the north to La Fere in the south (sheets 19. 20, 21, 27, 29, 36a, 36, 37, etc., down to 66d, 66¢); 2,08M6fHe,000 sheets
east (Nos. 22, 30, 38, etc.), extending to Termonde, Mons, Maubeuge, Hirson.

1/20,0000 2,000 of all sheets eluding trench maps extending from Dunkerque, St. Pol, Amiens on the west, to Ghent, Peruwelz, Guise, Laon on
the east.

(c) In 1918.

(c)in 19183 1/40,0008 In August stocks were being built up, and had extended as far east as to include Antwerp, Bhes$elsij, but with no
increase on numbers given above.

In October stocks varied from 15,000 to 20.000 of sheets between Ypres and St. Quentin, and as far east as AntweapdBEhaskelsi.

1/20,0000 During this period the 1/20,000 fell into disuseying to the rapidity of movement, and stocks were not increased or maintained.

As many as 70,000 of some sheets were issued, and the situation as to stocks and supplies had to be considered daily.

11. Scales of Issue.
(a) Prewar.

(a) The scale of issud maps for the original Expeditionary Force was as laid down in the Training and Manoeuvre Regulations. It catered for smal
scale maps only, the strategical map (1/380,160) being issued in very small numbers, and the tactical (1/80,000 ordnH)ib&@0)scale. The
1/250,000, it will be noted, had not yet been published. The issue, for example, of the tactical map to a BattaliooffisiérsBas 85, and the

full issue to an Infantry Division, 1,544. This scale of issue, combined with trerdargbers of sheets carried (26), accounts for the great quantity of
maps issued to the Expeditionary Force, in spite of its small strength. The total issue for the force of six Divisiovalgnidi@sion, with L. of C.
Troops, etc., was about 360,000.

(b) 1915.
(b) In the case of tactical maps this scale was soon reduced to the rate of one per officer, and in April, 1915, theisgsioiaamounted to 820.

At the same date the issue of large scale maps was first recognised, and G.R.O. 87& frolit#9,000 to all troops at the rate roughly of one per
officer, and the 1/20,000 to Staffs, Artillery and Engineers.

In August, 1915, the scale of issue provided for the 1/250,000, which was issued on the pre war scale. With the adddiswits the total issue
to a Division now amounted to 871 for 1/80,000 or 1/100,000, and 1,737 for 1/250,000.

(c) 1916.

(c) At the beginning of 1916 a complete revision of the scales of issue was made, after consultation with all Armiesafddpadmets. The
resulting scale of issue (S.S. 435) was put in force in March, 1916, and continued with slight modifications until kig1#8eli/250,000 was cut

down to the scale of a strategical map; the issue of the if 1/100,000 was increased, andgidhpwas made for the three scales of large scale
maps. This scale of issue included fASectional ma p s ,ain Ammies. Icwas, wa st
however, provided that the regular series of 1/i0,000 doellidsued when the sectional map did not exist.

The following figures will serve for comparison with other scales of issue.

Scale of Issue, Battalion Division.
S.S. 435, March, 1/250,000 2 158
1916. 1/100,000 50 1,146
1/40,000 5 221
1/20,000 36 711
1/10,000 80 1,421

In October, 1916, as the result of considerable discussion upon the relative merits of the 1/20,000 and 1/10,000ascdtsdadithat Armies

could issue which they preferred.

(d) Final Scale.

(d) By the end of 917 numerous changes in the composition of formations and changed requirements of various kinds made a revision of the Sce
Issue necessary.

A careful revision of S.S. 435 was made, and copies were circulated to all Armies and bradaheary, 1918. for remarks and suggestions. The
German attack started before all replies were received, and nothing more could be done until the autumn. Completeer@plittincataly, and a
revised scale was made out, but was not put into use owihg fArmistice.

The opportunity was taken immediately after the Armistice, whilst actual experiences were still fresh in mind, to obéairoget@ns and reports
from all formations and units as to the adequacy of map supply and the suitabiligyrgptscales. The analysis of the replies shows that in general
the supply was considered satisfactory.

As a result of this and of the suggestions received, a complete revision of the General Scale of issue has been niids theelatast opinions
ard the results of the experiences of map users in the war, and so may be regarded as fairly representing the needsoéthesvari

This scale is not reproduced in this report, but it will be found, with other full details of all kinds on the sulvjaptsafpply, in a file in the
Geographical Section, War Office.

For purposes of comparison, the following figures are extracted
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Battalion Division.

1/250,000 2 139
1/100,000 50 865
1/40,000 layered 1 32
1/40,000 ordinary 8 440
1/20,000 50 815
1/10,000 50 790

(e) Secret Trench Maps.

(e) As explained in Chap. 1, Section lll. 8, a secret trench map was, until 1918, considered to be any map showingnchesviutrder this
definition the only secret maps published until the middle of 1916 we the 1/10,000 scale. Their issue was strictly limited, e.g., one per Infantry
Brigade and a total of 15 for a Division.

In 1916 the issue of a secret 1/20,000, showing back lines of our own trenches, was approved, but the issue wasréaifer/Aotly (G.O.C,
M.G.G.S. and O.C.F.S.C.) and one each to the G.O.C. Corps and Division. This was increased in January, 1917, in consgiasan@atons by
the Armies, to 10 per Army H.Q. and 10 per Corps H.Q.

In January, 1918, it was decided thatreematter was confined to what could not be detected from an air photograph. From that date the only map
published with really secret information was on the 1/20,000 scale, unless in special circumstances an Army authaisedfthsexret 1/10,000.
The scale of issue for the secret 1/20,000 was 20 for Army H.Q., 15 for Corps H.Q. and three for Div. H.Q. Subsequetati@met®wed that it
was necessary for various units and formations in a Division to have the secret map, and the issteased i0@8. This is the figure included in
the final scale of issue mentioned above.
(f) Special Scales of Issue.
(f) Besides the above scales of issue, which were of general application, there were various scales made either ifcuspstaiates dior special
mapsd
(1) Special fAArmyo scales were made pending the revision of

(i) Situation, Battery Position, Enemy Organisation and various other maps were issued undarranggments according to
requirements.

(iii) Traffic Control and other maps prepared for the Q. branch were usually handed over in bulk and issued by them.
(iv) Troops transferred to another area received maps for the move on a special reduced scale.
(v) layered maps (1/40,000) were issued on a special scale laid down by G.H.Q.
(vi) Allied troops operating on the British front received maps on a special scale according to requirements.
Full details of all the above will be found in the Report on Map Sufipgpgraphical Section, War Office) already referred to.
(a) Replacements.

12. Issues.
(a) Issues

(a) The principle was followed throughout the war that all issues should be replaced on demand and without query reglesst tygpeared on the
face of t to be unreasonable. Red tape was avoided as much as possible.

This principle was observed faithfully by Survey units, who recognised that maps are perishable articles, but not dloss/shibgugh whose

hands the maps passed on their way to the trdopas found on several occasions that demands from units or lower formations had been held up b
some subordinate on the mistaken ground that once an officer had received a certain map he was responsible for it nasidteadmo right to

call for another.

This matter has a bearing also on the question of the receipt by troops of the maps to which they were entitled. fiditeteen that the Survey

units made it their business, in spite of great difficulties of transport, to deliver mBpsgions, though, strictly speaking, they could not be held
responsible for delivery further than to Corps H.Q. It was then the business of the Division to distribute to the lowen$oand of the lower
formations to distribute to the units. Butias frequently found that units had not received their maps, and that they had been held up by some higt
staff. As the maps so held up were kept untouched, it can only be assumed that they were kept for fear that they weylhoed be fear for

which there was no justification. An example of t hiethosemestmoyedleyma nd
fire at Brigade Headquarters. o The maps shoul dmempetiously tothe trobps. s at
holding up of maps and creation of stocks was quite unjustifiable. It was the business of the Survey Units to maintavhistotkey did in ample
quantity, and no difficulties were ever raised about meeting premeands.

(b) Statistics.
(b) The following general figures have been extracted from records, as being of interest

Map issue to Expeditionary Force, X914.

The total issue of maps to the original Expeditionary Force, consisting of 1/380,160, 1/80,000 @y2dQ/Emounted t0 about 335,000, exclusive
of G.H.Q. and L. of C. troops. Considering the size of the force (six Divs. and one Cav. Div.), this figure is very higio tivé large scale of issue
and the great number of sheets carried (26).

Map issued British Armies, 1917.

The total full issue of maps to the British Armies in France in 1917 (i.e., the total that would have been issued hatesocafibjpleen required),
allowing four 1/250,000 sheets, four 1/100,000, three 1/40,000/20@®00 and two if 10,000, amounted to about 654,000, exclusive of G.HQ. and
L. of C. troops.

Total Maps Printed and Issued for Western Front.

The total of maps of all scales printed during the war for troops in France and Belgium was:
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By the OrdnanceBvey, Southampton 21,703,798

By the Overseas Branch, Ordnance Survey 3,111,132
By the War Office 2,149,450
By the Survey Units (about) 7,000,000

Making a total of maps printed during the war of (in round numbers), 34,000,000
Stocksremaining in December, 1918, amounted to 2,981,000 so that the total issued to troops may be taken as 31,000,000.
Average issue to Division and Corps.

The total average issue for an Infantry Division was

Small scale 5,216
Large scale 4,927
Total 10,143

The total average issue, inducing all maps for a Corps of three Divisions was 34,200.
Reserves in France.

The total maps of all kinds held in reserve was :

In 1917 By G.H.Q. 858,500
" Armies 410,000
Total 1,268,500
In 1918 By G.H.Q. 1,587,500
" Armies 830,000
Total 2,417,500

Small issues by Maps G.H.Q.

The total small issues by Maps G.H.Q. (i.e., other than issues in bulk to Armies)
In 1917 233,600

in 1918 308,425

Daily issue, G.H.Q. to Armies.

The average dailissue of maps to Armies by Maps G.H.Q. for typical periodsdvas:

January, 1917 20,110
May, 1917 31,162 Great activity, full issue of large scale.
July 15 October 15, 1918 21,413 Chiefly forward areas, 1/40,000 and

1/100,000.

The average dailissue of maps to Armies from the Map Depots, L. of C., was 1,176. (These were, of course, nearly all small scale sheets).
Daily issue, F.S.B. to Troops.

Typical average daily issues of maps to troops by F.S. Bns. were as fdllows:

3YF.S.B November, 1917 11,110 Battle of Cambrai.

1F.S.B. January, 1917 2,951 Typical stationary warfare.
2"F.S.B. May, 1918 19,006 Preparation for Messines, etc.
4" F.S.B. July, 1917 7,013 Army very small at this time.

Maximum Printed by F.S.B.

The largest number (of which record has been received) of maps printed by a Field Service Battalion in one rdonth was:
By 4th F.S. Bn. in September, 1918 (British attack, fourth Battle of Ypres), 432,000.

Average Monthly Issues to Divisions.

Thefollowing are examples of the average number of map issues per Division per month in the five Armies. The figures ame tdieefirt six
months of 1917.

Army Number of Maps (all Scales]
| 12,958
I 10,925
I 11,250
\Y 9,108
\Y 19,833
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13. Disposal of Maps.
(a) Types of Map for Disposal.

(a) The large number of maps issued, the frequent editions of large scale maps, and the constant movement of unitarfrohthenfqnt to
another, led to there being considerable numbers of mapisfosal.

These may be classed conveniently under the following headings

(1) Obsolete editions.

(i) Worn out maps.

(iii) In use and serviceable, but no longer required owing to advance or movement.

(iv) Reserve, ditto.

(v) Current secret or special infortin, no longer required for same reasons.

(vi) Obsolete secret.

Briefly, the disposal was

(1), (i) and (iii) were collected by units and sent by rail to one of the Map Depots on the L. of C.
(iv) and (v) were collected by Divisions at Div. H.Q., andf®.B. informed. Instructions were then issued for their disposal.
(vi) were burnt by the unit responsible.

Orders for the above procedure were contained in G.R.O. 3147.

(b) Handing over to Relieving Divisions.

(b) In order to economise issues, every emdeawas made to transfer current maps from one Division to another when a relief took place in the
trenches. Those maps under (iv) and (v) of the preceding paragraph, left by an outgoing Division, were examined b8uheskiBlattalion and as
far aspossible reissued to the incoming Division. It was then only necessary to make up numbers to full Divisional issuepfly disew maps,
and consequently a great saving was effected.

Current secret maps and maps mounted together containing spieciabiion were handed over direct by the outgoing Division to the incoming
one.
(c) Work at Map Depots.

(c) Consignments of returned maps were received daily by the Map Depots, L. of C., and a considerable portion of the firapaif was taken
up inthe examination and sorting of these maps. The small scale (1/250,000, 1/100,000) and 1/40,000 were examined; unspiexegjeleted
and the remainder sorted and packed for re issue. Many thousands of maps were saved in this way.

Trench maps andiige scale maps of current editions were similarly put aside for reissue. Obsolete trench maps were sorted under @ditions and
aside in case of future need. This precaution proved to be sound. Many thousands were issued during the German ad;avizeninvéSiere
again on ground for which trench maps had been printed some time before, and returned to the Depots when the 191 kasaeace too

Throughout the war requests were frequently received for copies of particular editions of trench mayssod@keséobsolete trench editions were
of great use for such demands.

After the Armistice units and formations compiling records and writing Histories required copies of old maps of all Hisdseeal thousand
demands were met from these L of C. k#dn addition, the Imperial War Graves Commission was provided with a supply of all trench maps of
which stocks existed.

All unserviceable maps were sent to the Army Printing and Stationery Services for disposal as waste paper.

14. Organisation and duties of the Publication and Map Supply Section, G.H.Q.

In May, 1917, a G.S.O. 3 was added to the staff of Maps, G.H.Q., to deal with publication and map supply. Captain FRigldl tm&appointment,

had assisted in this work for seven months previouslgddition to his duties as O.C. Printing Company, but from the date mentioned he was able to
devote his whole time to it. His staff was gradually increased until it included t officer and 7 other ranks at G.HIQ.pthigh ranks in the map

depots ontte L. of C., besides the transport.

(a) G.H.Q.
(a) The duties of the Publication and Map Supply Section incluileublication.

Receipt of material from Armies, record, and transmission for reproduction to the Ordnance Survey or O.B.O.S.
Record of alleditions, and allotment of numbers and letters.

Maintenance of card index of all sheets of large scale maps.

Supply.

Map Supply in bulk to Armies and G.H.Q. Troops.

Map Supply in detail to all branches of G.H.Q.

Maintenance of necessary reserves.

Receipt ad transmission to proper quarter of all demands, printing orders, etc., from Armies.
Records.

Filing of all original materials.
Maintenance of record files of all, kinds of maps, and transmission of record copies to England, etc.

Maintenance of indexes teench maps, etc.
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Miscellaneous.
Despatch of material to French and filing of French material.

A stock of maps of the British front of every kind was kept, and also a stock of maps of various kinds of all theatrderasause to the
departments of GH.Q. and also to visiting officers and others.

Record copies of every edition and of all maps published in France were disposed of as follows
2 copies filed at G.H.Q.

1 copy sent to M.I. 4, War Office.

1 copy sent to D.G.0O.S., Southampton.

1 copysent to Historical Section, London.

1 copy sent to G.H.Q., American Army (by request).

(b) L. of C.

(b) The Map Depots on the L. of C. were organised as folldwentil May, 1916, while there was one L. of C.
Main Depot, Roued. Opened August, 1914, closbthy, 1916. Staff finally, 7 other ranks.
Advanced Depot, Abbevilld. Opened October, 1914. Staff, 1 W.O. and about 4 other ranks.
From May, 1916. when there were two L. of C.

Northern Depot, Calai8. Opened May, 1916, closed June, 1919. Staff, 1 W.O arideB m@nks.

Southern Depot, Abbevillé. This was considerably increased on the closing of the Rouen Depot. Staff finally, 1 W.O. and 9 other ranks. Closed
June, 1919.

These Depots were responsible for bulk storage and issues, for small local isstmssanticig out old maps and editions, and repacking those that
were serviceable.

(c) Publication of Editions.
(c) In the publication of editions of large scale maps the following principles were observed.

Editions of the outline (i.e., topographical de&part from trenches) were known by numbers, and editions of the trenches by a letter. Thus Edition
4B meant the fourth edition of the outline, and the second edition of the trenches issued with that outline editioneWhberlinenedition was
publisted, the first edition of trenches issued with it was always given the letter A.

Editions were occasionally given the name fiLocal 0 (tmsegublishedEidi ti on
England; but as reproduction Fiance became more common, this practice was dropped.

The original intention was to publish new editi onexamplé, a#20/000sheet et s
and the four 1/10,000 corresponding. It was havdéound impossible to do this in all cases. Attention had to be devoted in the first instance to shee
on which the front line fell, and there was often no time to revise the rear sheets. Hence it might happen that tv@®ifsti&6t8 on which theofrt

line fell went through two or three outline editions, while the adjoining two 1/10,000 sheets remained unchanged. laessnetv eaiitions of the
corresponding 1/20,000 were as a rule brought out, embodying the later editions of the revised afidib@®riginal edition of the unrevised.

When it was possible to revise the rear sheets, the whole series, 1/20,000 with its four 1/10,000 quarters, would devighlihsheame edition

number. This accounts for the fact that in many cases, coiveeeditions of certain sheets do not bear consecutive numbers, no editions bearing the
missing numbers having been published in the case of those particular sheets.

Certain other points may be mentioned in connection with the nomenclature of someanlfiegheditions. It was mentioned in Chap. 1, Sect. Il. that
the maps produced by the first survey in 1915 wer e rEgthe181bsurveya me d
produced the first map of this area, there hatiegn no previous enlargements of the 1/80,000. The 1915 survey sheets will in these three cases th
be found named FIRST EDITION.

Generally speaking the imprint FIRST EDITION, SECOND EDITION, etc. (the number being in words), is a sign of an earlyLatktighe figure
was always printed, as EDITION 3, EDITION 4.

AiB SERI ES0O on some of the earlier editions simply mehemfeoomthéreapse xt e
of Belgium proper.

AREVI SED SYSTEM .0 WHRUAWRI &NIGso appears on some early maps, refers
the war. to distinguish it from a somewhat similar grid which was in use for a very short time on the first introdugtianeaf s1aps.
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Section V.0 Deductions.

1. Apparatus for Reproduction.
(a) Uniformity and Standardisation.

(a) The importance of having all reproduction apparatus of uniform type-evégét, and has been emphasised during the war by the difficulties
attendant on the replacenter broken parts, and the unavoidable complication in the supply of stores. It would be of immense advantage in
simplicity and economy to have all machines, all power units, and all kinds of apparatus of uniform size and type.

(b) Printing Machines.
(b) The type of machine used throughout the war was the flatbed. This was because all machines had to be obtained at seoottu:hasndsf,

and flatbeds are the commonest type in England; and also because few of our personnel were acquainted withir¢aryanththere was
considerable misapprehension as to the suitability of that type for map printing under service conditions.

Since we have had experience in using one of the American direct printing rotaries, it has been proved that machineaters ead be trained to
use these machines quickly and efficiently, and that there is no difficulty, after a little experience, in making they relpestsaents and obtaining
as exact register as is possible on a flatbed.

Rotary machines have the gredvantages of compactness and lightness, both of which qualities are closely connected with the question of mobilit
which will be dealt with in the following subsection.

The preparation of the plate for a direct rotary is precisely the same as foeddls¢land it appears evident that this type of machine, slightly
modified to suit service conditions, should be adopted in the future.

(c) Caneas.

(c) The cameras supplied during the war were mainly 24 in. by 20 in., this size being adopted partlyrdrobits@momparative lightness and
mobility, and partly because lenses to cover four times this area are by no means common or easy to obtain. For frmesteegravision should,
however, be made for cameras large enough to cover a double demytstiéstto take negatives of not less than 28 in. by 44 in. Speed is the
essential part of reproduction in the Army. It is only because of the urgency for certain maps that reproduction at Asmgt¢egsary. The secrecy
observed before an attack ames that maps are not arranged for until the last moment, and consequently everything should be done to avoid
unnecessary steps in reproduction. Hence it should be possible to photograph the whole of the map at once.

(d) Apparatus for Rapid Reproduction.

(d) The reproduction and copying apparatus used in the war stood the test of practical experience and will serve apiaeefiatilee future. A
useful addition would, however, be a fAPhot o dope,and & vewlsimglerandisgeedsin t y p
use.

2. Mobility.
(a) Faults of Equipment Used in War.

(a) The machines used in the war were taken straight out of machine rooms in England, and had no pretensions to béngrgdaptefbr

facility of movement They took a long time to dismantle and teerect. They were driven entirely by shafting and belts. It was rare that a factory
ready fitted with transmission was available, and consequently much time was lost in erecting the necessary shafteyg.afdegolime difficulty
would have been avoided if each machine had been fitted with a motor for electric drive.

As regards the actual transportation, it has always been found that at a time when an Army H.Q. is moving it is es$fiadiaityabitainextra
transport, as all the various services are making demands on the available lorries. If the heavy machinery were pewnateshiy wheels, this
difficulty would disappear.

(b) Foreign Methods.

(b) In the French Army (and also, it wstaited, in the German) a solution has been found by fitting up a train with the necessary appliances for
reproduction and printing. This system has many advantages, which were well seen in Italy, when the Groupe de Canaaasbke Tir start
printing within a few hours of their arrival, while it was several weeks before our own machine could be brought out and fitiexd @eTh
however, certain disadvantages in this system, which may be summed up as follows

(1) The tying of rolling stock, and theermanent occupation of siding accommodation.
(2) The risk that there may be no suitable siding anywhere near Army Headquarters.

(3) The great probability that there wild.l be no batvebfice, angthe near t
consequent loss of efficiency due to splitting up the establishment.

In the American Army the machines are mounted in lorries, and driven either off the propeller shaft or by electric nerewiitom the separate
power lorry. Thaotary machines used are sufficiently compact to be manipulated in the lorries, and the system worked with succesgpalhe princ
disadvantage seemed to be that if the lorry breaks down the machine will in all probability fail to reach its destireaias jfitwas mounted on a
trailer it could be taken on by another lorry or tractor.

(c) Our Requirements.

(c) In October, 1917, proposals were submitted for a mobile printing plant for the British Army, to be carried on l@segrdposals were vetb

on the score of the scarcity of transport. Since that date there have been 29 shifts of Field Survey Battalion H.(hg&4rtot8R lorry loads for
the printing material. There has been the labour of dismantling and setting up, and there Aasabreest incalculable mileage in bringing up maps
from tar too great a distance in rear.

There is no question that provision should be made for a mobile plant, in the interests of efficiency. It is possibkedhatgaign in an

undeveloped countryrinting train might be suitable. Special provision could be made for this should the need arise. But experience shaws that i
country with passable roads plant carried in lorries or trailers is the practical solution, and this it is considerbeé Steoatfuiipment of the future

Field Survey Battalion.

3. Personnel.

The great development of the printing branch during the war made it evident that officers with technical qualificatonade thiould be
necessary. At the beginning, when the work was comparatively simple, it was possible for an officer with gewtzdbk to supervise it, more
especially as there were some good N.C. O.06s in t heorotbec tidexcellent Th e
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work, but it cannot be denied that a very great improvement in methodsgardsation took place in 1917 when officers with trade experience were
obtained.

For the future a staff of Regulars, both officers and men, should always be maintained, with a view to forming a nadegefearumber of trade

hands specially retagdl for service in emergency. However excellent the latter may be as tradesmen, it will take a long time to get them to work
together as a fAteam, 0 under strange conditions, unlimgofReglarathey t r ad
will quickly realise how vitally important their work is to the fighting troops, and will see the necessity for long hrusiseaf work. The Regular
printers should normally be employed with some establishment which is turning out praeticado as to maintain and improve their skill at trade.

But they should be practised annually in working in the field, so far as possible under conditions approximating tovégive se

To supplement the Regulars it is very advisable that we shoefdiReclose touch with the trade, and that men suitable for printing officers should in
some way be earmarked or retained so that they will be available in a national emergency for their proper work, angedanabsgolinfantry or

other branches whetbeir special qualifications are wasted. A similar plan should be adopted for tradesmen, who might possibly be enlisted and
passed into the Reserve.

4. Supply of Stores.

It must be admitted that throughout the war the supply of apparatus and storeampéoessap reproduction and printing left much to be desired.

The rapid growth of the work, in so many directions which could not be accurately foreseen, have, it is true, madenthe peopldifficult one,

but at the same time it seems that it shawitbe impossible to devise a system under which supplies could be obtained far more promptly and sent
out in better working order than has hitherto been the case. In a theatre of war supplies, when required, are prastEadiguaied very urgently.

A new need has arisen, and every dayodés delay in getting a systen

The cardinal needs of a system of supplying printing stores from England to an overseas theatre of war appear to e as follow

(1) A central place in England, with a suffi ci en tsofsttresfofSureey Unisf f i c
would be supplied. Hitherto different classes of stores have been supplied by Ordnance SurveyEthth& Stationery Office, and direct from the
contractors.

(2) A thorough liaison between the Field Survey Unitdntlyvistingtheurite s o
with the object of finding out their requireents and difficulties, and in seeing that their needs were being met as promptly and exactly as possible.

(3) A rigorous inspection of all apparatus and stores before dispatch. Many machines in the past have arrived inctineptebgsobeen failure t
supply concurrently some essential accessory to enable the process to be got into action. Survey Units in a theatst béwegamded in the same
light as a business operating in some distant colony, and the same care should be taken to p@ethatsept to them is in perfect working order,
as would be taken by a reliable firm which wishes to keep its foreign connections.

Packing is of the highest importance, and should be most carefully inspected before dispatch. No package must biotdbehzamgport of the
country to which it is being sent. It should always be remembered that every package will probably have to be manhheylstdpslil be made as
light and compact as possible.

(4) Convoy of all important consignments by spegialls el ect ed N. C. O. 6s, or in specially urgent
the past by consignments being allowed to lie in ports, and cases have occurred where they have been wrongly consigned.

We have learnt a great deal in theise of the war which has just ended, but nothing is more certain than that the next war will give rise to new
methods and requirements, the need for which will only be apparent in the course of the war. All our experience haséweenetaids are not
devised by some afleeing central power, but that demands arise from the units which have to discover means of coping with practical situations
which arise

in the course of their daily work. We must, therefore, be prepared with an organisation whiocghakilé to cater for these at present unforeseen
needs.

During peace we should maintain as Mobilisation Equipment such machines, cameras and stores as will suffice for thenpretialbdeneeds of
whatever Expeditionary Force is likely to leave thésaas at short notice. The outfit need not necessarily be lying idle; and might be maintained an
used for current peacetime work at a Government establishment. It would at any rate be used annually for training purposes.

At the same time arrangements ntipe made with various lithographic and process firms who have suitable plant for their apparatus to be taken o\
whenever required. We should be able to put our hands immediately on exactly the apparatus we shall require to supmgoiaentriticay

equipment which we shall maintain. In making these arrangements the importance of standardisation of plant for usseovigesh®uld be
remembered.

5. General.

In the preceding paragraphs various criticisms and suggestions for improvement mavetheén the particular subjects dealt with. It will be well,
however, to add certain general deductions and to enunciate one or two broad principles which have been made appidenbdwsegf the war.

It is of the utmost importance that the expece we have gained up to the present stage should not only be not lost hut should be further exploited
and developed under the more stable conditions of peace. For this purpose both personnel and money will be requitednaratiardthat when
thenext war starts we shall, subject to certain practical limitations, be in a position to supply the troops with all theymepsite, commencing

on the very first clay of the war.

The experience of this war has shown the vital importanoga&fing ample provision for the reproduction and printing of maps for any force
operating in a foreign country, even if that country is a friendly one, and even if it is already well or moderately pedl. mduas shown the
impossibility of laying down adefinite equipment which would be appropriate to a particular formation under all conditions and in all theatres of
war.

In France, for instance, towards the end of the war the equipment which had been collected at an Army Headquarters coas aitife t
requirements, backed as it was by the Ordnance Survey. But for an Army acting independently in a more distant theatmeoltwent have been
enough. Similarly, in the case of a Corps, the Topographical Section was able, with the Army equepmdrit,lio meet most of the Corps
requirements, but could not have acted independently at all.

On the whole, smaller formations acting independently require mapping facilities which in France would have been cartsid@legdroportion to
their numeical strength.

Even for a single Division in a distant theatre it would be advisable to provide a plant to carry out all the varioussprecessary to reproduce and
print in colours.
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In all cases it is advisable to start operations with as big &b amits ever likely to be required for the campaign so far as can be reasonably foreseen
It is better to risk having plant lying idle than to risk a shortage of supply to the troops in the early stage of a catmiphignalways a critical

period. Similarly, with the staff of printers and others, if more men are taken than are found to be required wastage need ngbbd,raadehe

number will soon right itself.

6. Map Supply.
The various lessons derived from the experience of the war have feveadréo in Section Ill. They may be conveniently summarised here.

(a) Numbers Carried.

(a) Troops should not be expected to carry too many maps. When on the move ten sheets of normal size may be takemamitef wiaich four
are carried on the pems and six in the firstline transport of each unit. A reserve should be carried at the H.Q of the Corps or correspoatiomy form
Provision should be made for the transport required for this.

(b) Troops on Move.

(b) Troops moving from one area to anotsleould, as a rule, receive the maps they require from the responsible survey unit at their destination. At
the point of departure they should be given only such maps as they require for the move.

(c) Transport.

(c) The secret of map supply in the fieldrensport, which must be ample in quantity and suitable in type. For work near the front probably the
lightest type of van is most suitable, supplemented by heavier boxcars further to the rear, and, again, by lorriesKstifidobeeliveries in bik.
Decentralisation of supply from Army to Corps will probably facilitate supply, provided that the staff and adequate aenapaitable.

(d) Responsibility for Supply.

(d) The remarks made in Chapter J., Section IV., on the subject of resptn&bithap preparation apply also to map supply. This should, it is
considered, always conform to the military command, in spite of the fact that supply by area would offer undoubted adwangggesods of
stationary warfare.
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Part II.
Artillery Surv ey.

Introduction.

The term Artillery Survey is used to include survey work, and work which grew out of the survey organisations, in itspgpieeiabn to the needs
of the Artillery. Such work was done during the war by the Field Survey Battalionis, fottre it will no doubt be done by the Artillery themselves,
when they have had the necessary training.

Artillery Survey includes all work relating to our own batteries, such as fixing position giving line, making and prowitiéng boards and

ob=erving for ranging; and all work relating to the fixing of enemy batteries, such as cross observation, sound rangingiraibexad air photos

and knowledge of map values in this connection. All the above methods include survey practise and a&kobealedegy as a necessary part of the
procedure. Atrtillery Survey is not in this report held to include screen calibration, as the only connection that thisadetfithcthe survey
organisation was that it required the Bull recording apparatus (usedind ranging), and that for this reason, and questions of technical personnel,
screen calibration was developed and carried on during the war by the Survey Battalions. Screen calibration is, hoarteéisumogy, and is
therefore dealt with in aappendix.
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Chapter 1.
Survey Of Our Own Batteries.

Section 0 Battery Survey.

1. Early History.

In February, 1915 a 15 in. howitzer came to take up position in the 8th Divisional area. The arc of fire was to inchkrdenbtiéis and Aubers, and
the Rangig Section, R.E., was asked to lay out the platform and centre line. In the subsequent report ranges and bearingsenah@irdsiin
German area were given.

Two 9.2 howitzer batteries which arrived shortly, afterwards were dealt with similarljhepdactice became popular so quickly that by the end of
February most heavy and siege batteries were fixed, and the Battery Commanders had been supplied with informationaticitceatrpogts.
Aiming points were always included in the survey.

Working from a headquarters in La Gorgue, two or three trig, observers were able, at this time, to deal with all heavy attérisgentthe front.

The issue of this information marked an immediate advance in map shooting, for it showed up areas whatioudsey in error on the map, and
allowed of a rapid estimation of good line.

Before the Battle of Neuve Chapelle (March, 1915) a quantity of siege and heavy batteries were concentrated for the prejramton. For all
of thesebatteries positions were fixed and line given to aiming points. In the case of batteries which came in at the last mdigidrih thich
they were to take up position was surveyed and bearings were given from a central point in the field. Thistavile lerovision of Artillery
Boards, which are described in the next section.

2. Extension of Work.

The fixing of battery positions now engaged increasing attention. The preparations for the Battle of Loos (25th Septeré@Hsjied out by the
Rarging and Survey Section, the First Army Topographical Section having been formed only a short time previously. Fromd_buegttie all
heavy and siege batteries were fixed and provided with artillery boards, whilst the field guns and light hoesiezéred/graphically and given
tracings (to put over the map) showing all fixed points.

In 1916 the Battle of the Somme put the same severe test on battery survey as it had done on the map supply. Trabspamadaénruling
factor. It wasmpossible to continue work from Company Headquarters, and planetablers or trig, observers were therefore attacheddb the H.Q
Corps Heavy Atrtillery. Moreover, as every conspicuous trig. point was destroyed the difficulties of survey were enoroneasgdin

3. Bearing Pickets.

During 1915 an enormous number of points were fixed in connection with battery survey. Reserve and alternative positippsinagnetc., were
continually being surveyed.

To prevent duplication of work in the Somme neightbood it became obvious that permanent marks of iron must be used. Hence in the autumn of
1916 the 3rd Field Survey Company used these pickets everywhere, and lists referring to the numbers which were maetesitienl ttoeeach

picket were distributetb the artillery. In several cases such pickets were expressly inserted for the convenience, in finding line, of the battery
commander concerned.

This was the origin of the present day fAbearing picket, o though

A bearing picket is a permanently marked point from which bearings to several conspicuous points have been accuratelg. ddiesaipickets

are numbered, and in some cases have the bearings written on the attached tab; but in any case the Ipadtialyedin lists supplied to the

Artillery. The object of the bearing picket is to enable the Battery Commander to get accurate line wherever he iscéissamgrior him to have his
position fixed exactly, as was done whenever possible in thedzars of battery survey. He can fix it, approximately, from map detail, and can then,
by setting up a director over the bearing picket, give parallel line in any desired direction to all the guns of th&liateany.be done directly if the
battery & visible from the picket, or, if it is not, by means of an intermediate station.

The value of a bearing picket is particularly in evidence when the position of the battery is not previously knowngsty icoatentration) and in
the case of a railwagun.

4. Survey of Forward Positions.

A new departure before the battle of Arras was the survey of forward positions, in or close to our own trenches. Thogegston of the barrage
is, obviously, a most vital matter, and the survey of forward ipasittogether with same provision for finding line, is a natural corollary. The
advanced positions for the 9th Divisional Artillery were so surveyed and this previous preparation proved its valuaioftspegd and accuracy.

The same general procedwas followed at the battle of Messines.

5. Battle of Cambrai and Surprise Attacks.

The battle of Cambrai (J0Nov., 1917) began a new era. The tendency to rely for success on a complete artillery surprise was, of course, natural ¢
inevitable. A compéte surprise means, however, map shooting and no previous registration. This in turn implies the most careful prepiaetion for
and to a slightly less extent for position. The survey preparations for this battle were, therefore, most thoroughdeadhedhsertion of a bearing
picket sufficiently close to each battery to allow of easy reference. Every battery, heavy or siege, which took padvayg aisiofficer of the Field
Survey Battalion.

From this time onwards bearing pickets became @grésed feature of the preparation for attacks, and lists of them and of bearings from them were
distributed to all gunners concerned. Short courses were held at each Field Survey Battalion to explain their use.

The Canadian and Australian attack in frohAmiens in 1918 owed a large measure of its success to the complete artillery surprise, and an
examination of the German battery positions after the attack showed how successful and accurate the shooting had liszabke pamswas
played by screecalibration, but much is due to the proper use of survey methods in obtaining line.

Before the attack the position of many of our own batteries was taken from air photographs. Line was found, howevéy,bgsomab direct
survey method. Sun azimutihvere observed in cases where more simple methods were impossible.
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6. Preparations for Defensive.

At the beginning of 1918 we were definitely on the defensive. Naturally the survey preparations for a defensive batdeeatemive than those
for an atack. The number of alternative and reserve positions is much larger and a considerable area in depth has to be atigyedirits.ahd
bearing pickets were fixed and marked throughout the zones in which fighting was anticipated.

7. Battery Survey during Operations.
It is during the course of operations that the real difficulties of battery survey begin.

The necessity for pushing forward the trig, skel et idenyarealltontributonge s
causes, whilst perhaps the greatest trouble of all is the difficulty of getting information as to the movements of Tiattera¢tte of Passchendaele
introduced extraordinary difficulties in all these directions.

During the German offensive in 19litle could be done to help batteries. The difficulty of finding them and the frequent change of position made
any attempt almost hopeless, but it is also doubtful if survey can help at all in these circumstances. There is litthatterynteork andargets are
mostly under direct observation.

During the preliminary battles of the counteroffensive the bearing picket resumed its importance. When the advancedyegas sarvied on until
the last stages. Naturally, however, as conditions becameamdmore mobile, transport difficulties intervened and the necessity for survey
diminished. Positions were fixed up to the last, but bearing pickets and artillery boards were not always available.

In one Army a return was made to the practice of eardigs th issuing boards with a skeleton grid and the trig, points plotted on it. The Battery
Commander himself inserted his position on his board, and used a protractor in place of a paper arc.

8. Technical Methods.

It is not proposed in this account to eritedetail into the technical methods employed in fixing positions and giving line, as they may be studied in
the pamphlets and handbooks on the subject, which will be found enumerated below. It will be sufficient to indicatedsaiseettamd to poiout
their practical value.

(a) Position.

(a) Battery positions were nearly always fixed by resection (sometimes called interpolation) from trigonometrical pasgeclibe, in the case of
heavy artillery, was usually instrumental (thatoistained by measuring a round of angles with a theodolite or director), and graphic (that is, by the
planetable) for field artillery. The observations for instrumental resection were usually sent to the F.S.B. Hd. Qrputatioonbut were

occasionalf computed at once in the field.

As resection must be done from a position from which trig, points are visible, and battery positions are usually ctreceadedss of battery fixing
generally combined two operations, namely, resection of a poinuanthg a short traverse with instrument and tape to the battery position.

When resection was impossible owing to lack of time, personnel or trig, points, batteries were occasionally fixed sofelp fietail. To have any
useful result this procedure rgcps skill in map reading, some survey experience, and a knowledge of the value of the map detail in that
neighbourhood.

(b) Line.

(b) Later, when more attention was paid to giving accurate line than to the fixing of actual position, battery fixindds=caomemon, giving place

to the fixing of bearing pickets, which was, of course, always done instrumentally. The position of a bearing pickebieinigj isreasy, if there is

a surveyor in the battery, to measure a direction and distance or ttraverae, and thus get the position of the battery exactly, if it is desired to do
SO

(c) Astronomical Methods.

(c) In certain circumstances, as, for example, when the gun was concealed in a house or enclosed courtyard, methcetaplaged for
detemining line which were independent of trigonometrical or map detail. In these cases line could be obtained by the obtbaatenmy

bodies, or by the compass. In the former method the simplest way was to observe a heavenly body (sun, mooa oextan) iastant, while at the
same instant its bearing was measured from a survey post or other fixed point. This implied telephonic communicaticubetweest and
battery, which could usually be arranged, or it could be done by careful syrsetiimmiof watches, and taking the mean of several observations at
prearranged times. This method was employed with the telephone on several occasions, but not by watchtime, so far. #mistkeoway was to
observe an azimuth by the usual methodss Témguired more time and previous knowledge. It was employed on more than one occasion. In this
connection it may be mentioned that the Groupe de Canevas de Tir of one French Army published a list of the bearimgspétbersin bright
stars at ceain times within a short interval of their rising and setting This practice appears to offer possibilities, and migHopedleve

(d) Compass.

(d) Obtaining accurate line by the compass when better methods are impossible is quite feasible, giveeqaopeng and instructions were
issued to enable this to be done. The points on which emphasis was laid were the accurate determination of the empasxthine avoidance of
disturbing influences (such as masses of iron), and the multiplicdtreasurements in order to obtain a reliable mean.

It was found during the war that very little knowledge existed among the Artillery about accurate methods of obtaiin@pdsiirection, and
that there was widespread ignorance on the subject akt®eand limitations of the compass, combined with, in many cases, a blind belief in its
efficacy in all circumstances Hence it became particularly important to spread education on these subjects.

In this connection Appendix V., on Magnetic Bearings, metudied.

(e) Technical Publications.

(e) Notes dealing with the problems involved were published at various dates by most of the Field Survey Battalionshanel €$¢mese the
following are the most comprehensive :

Notes on Survey methods of isgtiout line for Batteries (3rd F.S.B., June, 1918).
Survey Aids to Gunnery (General Staff, January, 1919).

A pamphlet intended to supersede other publications and to establish uniformity of practice was prepared with conselerdlgé&ay Maps,
G.H.Q., in conjunction with the Artillery, but so far as is known it has never been published

Useful notes on the problem of resection &re :

Notes on Trigonometrical interpolation (3rd F.S.B., August, 1917).
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The Resection Problem (General Staff, 1. (¢)Q3H

9. Personnel and Transport.

The personnel available for survey in a F.S.B. was, by establishment, one or two officers (one of the subalterns abuldsesaally, employed
on this work), ten topographers, two computers, six observerasaigtants (all at H.Q ), and three topographers with each Corps Topo. Section.
These numbers, in the case of H.Q., were as a rule exceeded in practice.

The whole of the above personnel w as not available for battery survey, as there was always sowigianagceother survey work to be done; hut
during preparations for operations it was generally necessary to concentrate every one on artillery work, unless othe ofvauKiaient urgency
to prevent this.

In addition to field hands, draughtsmen wezguired to prepare artillery boards. As a rule half a dozen men were employed on this work. In early
days one or two carpenters were also employed in various Companies on board construction.

One of the chief difficulties was lack of transport. It is @ns that one boxcar (probably all that was available) could not transport all the field hands
to all parts of the front. The difficulty was met to some extent by attaching the surveyors to the H.Q. of the CorpstiieauyTAe carriage of
artillery baards to and fro made additional demands on transport.

Theoretically the H.Q. personnel attended to Heavy Atrtillery and the Corps Topo. Sections to Field Artillery The dettentodlssavey of Field
Batteries to Corps Topo. Sections, though theorétisalind, failed owing to lack of supervision, of sufficiently trained staff, and of transport, and
resulted as a consequence in almost completely stopping the application of survey principles to the work of FieldTA#il€. Corps Topo.
Section hd so much office work to do that the proper supervision of his planetablers was impossible.

It will be readily seen that advantages would result if the Artillery were completely independent in these matterdattevetyad personnel able
to take allnecessary observations and to prepare boards, and every brigade at least one officer thoroughly competent to chedkesalll superv
Artillery Survey work All the harassing lack of personnel and transport would be saved, and battery survey would bésgecentsound and
efficient lines.
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Section Il § Artillery Boards.

1. First Supplies.

The accurate fixing of battery positions and other features led to a demand for the provision of this information ifografene of our batteries

at theextreme south of our front came into contact in 1915 with the Groupe de Canevas de Tir BfRten@B Army, and were provided by them

with "planchettes”, or map boards. These were very handy for practical use, and gave rise to a demand for sgititafgrourselves. At about

the same date the Second Editiondd maps, the r esulffirefal én ForthesesPlan r s t
Directeur material (at that time the only good map existing of forwaaksan France) the combined effect of a good map and well fixed position and
line became at once apparent. The Topographical Sections therefore undertook the preparation and supply of artillerybobsdtefies. The

first issues were made in théifd Army in August, 1915. These boards were originally supplied to Heavy Artillery only, but at a later date the issue
was extended to Field Atrtillery. The first 1/10,000 scale boards were supplied to Field Attillery in the Third Army irr,Q&bbe

2. Necessity for Special Form.
Artillery boards are provided for three reasens:

(1) The necessity for having the requisite information in graphic form.
(2) Convenience in using the map.
(3) Avoidance of inaccuracies resulting from the use of amaanted o badly mounted map.

The requirements under (1) and (2) could be met by maps mounted in any fashion and on any kind of board; but thosmnruwidy (&) provided
for by specially constructed boards, and special methods.

Paper varies by at least one pent. in linear dimensions with changes in the amount of moisture in the atmosphere, and the change is usually
different in different directions, or even in the same direction in different parts of the sheet. Hence the scale chlmegagteand anglare
distorted. Such changes are greatly magnified when a map is wetted, as during the operation of pasting, and the cetséqnsrrdirendered
permanent by sticking the map on a board. Wood also alters in dimensions with changes in humidity.

To meet all the requirements of an artillery board we must therefore have a board of special material or constructiomapitmtiuated on it in a
special way.

3. Definition of Artillery Board.

An Artillery Board may thus be defined as a board of sucistroction and on which a map is mounted in such a way, that distances and angles are
represented accurately, and remain so in spite of changes in atmospheric conditions; and which is provided with elatieninéguired by the
Battery Commander (shas position of guns, aiming point, etc.), arid with convenient means for measuring distances and bearings accurately

4. Early Forms.

The first artillery boards supplied to our Army were wooden boards, on which a sheet of zinc was nailed. On thigetraf ateut drawing paper

was pasted; and on this paper the map grid was drawn, and the positions of gun or guns, aiming point, and various guisfEi@lotied, and a
filzeroo |l ine was drawn from t he dlithemforationgiveg, but befor®long anhar was drawn, obradius b o
greater than the range of the targets, and divided to read to 10 minutes. To save the labour of drawing, arcs werngrieed soahsupplied in

quantity, so that they could be cutt@nd pasted in position on the board.

The earliest boards were thus simple skeletons, showing hardly anything but the grid and a few plotted points. Thay prepaodtfor a special
operation, and the positions of certain cross roads, trench featuieher targets for which the battery in question was specially detailed, were fixed
by observation and drawn on the board. The idea was that, following the example of the French, the Battery Commanthar dovaldrethe

square position which heuld obtain from the map; or he could trace the detail from the map and transfer it to the board, locating its pasition eith
with reference to the trig, points or the map grid. A demand soon grew however for the provision of more general aetetillerythoard.

It will be remembered that at this date the maps of the forward area were mostly in a very imperfect state. They cenéfbrebéhused for the
preparation of artillery boards without giving some indication of the nature and extbatexfors they contained. Various methods were tried to
provide the Artillery with the fuller detail which they required. In some cases the detail was laboriously drawn by dthaeds Iportions of the map
were pasted on to the board in the target,drased on such trig. points as were accurately shown. The true positions of inaccurate points and
prominent features were then plotted correctly on the map, and the difference between the true and false positiorieenti@atedor in that
locality, and ranges and bearings to topographical features had to be corrected accordingly. In other cases again the trig cpoiows afete

map, leaving small holes through which the correct positions of the points, plotted on the board, could be seamvi#s then pasted on in pieces,
the detail being adjusted to the position of the nearest trig, point.

5. Later Forms.

As the map improved in accuracy it was increasingly used for the construction of artillery boards, and at the sametinds thenselves were

altered somewhat in form. Zinc became difficult to obtain, the number of boards required increased enormously, anad thas dood $ly

wood gave equally satisfactory results, except for the largest boards. The latest form oflzotitdrgupplied by the Ordnance Survey was therefore
usually constructed of thin-@ly wood, about quarter inch thick, mounted on a braced framework of deal of about %2 x 1% inch section. These boar
were very satisfactory and had the advantage of lightne

At a later date, ®ly wood becoming difficult to obtain, experiments were made with boards of plain half inch deal, stoutly braced wittabatten
¥ inch thick, let into the board across the grain, and screwed to it. These boards barely canteevihits of rigidity required for artillery boards.

On the wooden boards drawing paper was pasted, and on this the map grid was drawn. The map was then cut into snuslliakygtidresit 2,000
yards square, and pasted carefully into position ogttide The expansion of the paper due to the wetting with paste caused a slight overlap
sometimes, but this could be avoided by slightly paring the edges.

Circles were struck at the proper radius for the various arcs required, and the paper arcs, wiidhtegiin different colours to distinguish them,
were pasted to these. To avoid errors due to expansion it was found necessary to cut these arcs into small portioeacnoh pastition. As a
control the chord for a certain angle was calculated the length printed on the paper arcs. The arc when pasted was made to fit to this length.

Finally the grid bearings from the gun position, or from the nearest bearing picket, to various points, were writteveinientg@osition on the

board, togethewith the trig. ceordinates of important points, and any other information that might be useful in obtaining range and hearing. When
the position was known and the board prepared beforehand, small sketches of the aiming points were often madetentgardoithis enabled

the gunners, on arriving at the new position, to pick up their points easily.
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Boards were also supplied when possible for forward observing officers These were however of much simpler form anchestetlyo€a small
board bedng the portion of the map covering the target, and with the position of the O.P. plotted. A hole was made in the baogri,up im the
O.P.; and sometimes the board was cut somewhat in the shape of a gridiron or square frying pan, the hdleebanagodthe handle, and
representing the gun position.

6. Size and Scales.

The great majority of artillery boards issued by the Field Survey Battalions were intended for the 1/20,000 scale, siciteewas 28 in. by 23
in., which allowed of rangeup to about 14,000 yards, with an arc of fire extending over about 50 degrees

For the Field Artillery boards were issued in most cases, but not universally, with detail on the 1/10,000 scale.

Special provision had to be made for long range guns. Atliiesirds of 1/40,000 scale were provided, but as the 1/40,000 map was not up to date,
they were made up with bromide reductions of the 1/20,000 sheets. When large boards (30 ins, by 36 ins.) became ent#ii@lfiéOthcale was

used and boards of thpattern were provided for the 6in, and short 9.2in, guns. For the 48d long 9.2n, guns, 1/40,000 scale boards were

made, but in the case of these very long range guns the Atrtillery were encouraged to work by calculating range anthbe#rmdgaaise graphic
methods.

7. Official Pattern.

It was suggested in 1916 that artillery boards should be made an official Ordnance supply, so that every battery stadidallgyiossess at least
one board among its battery stores. A design waswdbr these boards by Maps G.H.Q. in conjunction with the M.G.R.A. This design followed
closely the pattern of a German artillery board that had

been captured, the chief feature of which was the provision of a metal pivoted scale and a metal anvhimititofild be fixed to the board to suit
any gun position.

The British boards were made in two patterns.
(1) Heavy Artillen Rectangular, 24 ins. by 30 ins.
(2) Field Artilleryd Sector shaped, 15% in. radius and allowing of an arc of fire of 120°.

Each wa designed for the use of the 1/20,000 scale, and, except for the difference in shape, they were similar in constfittatigs. Jine latter
were carried in pockets in the back of the board, and consisted of a scale, divided in yards, a pivingcamtitral hole through which the gun
position could be seen ; and an arc reading to half degrees. These fittings were of white metal, and the pivot andeafixeditdany position on
the board by drawing pins, a supply of which were carriedpiocet.

The following criticism may be made on the official pattern boards. They were unnecessarily stout and heavy, the thodeoplpgV®/8 in., that is

about twice as thick as that used on the F.S.B. boards. The surface wood was too hard tirasgéegeins conveniently. The arc should read to at
least ten minutes, and should cover a wider angle; this could be managed by making it of shorter radius, or by hadrsharsexcadius arc for

use when required, The Field Artillery board migleivibe larger, and it is questionable whether the sector shape is an advantage; it certainly makes
harder to draw a grid. Finally, it might be possible to devise some means (such as a light wooden cover) of protediaug thehath at present is

liable to get dented and damaged.

The supply of these boards came along slowly, and to the end of hostilities the F.S. Battalions continued to supphtitegefibaards made by
the Ordnance Survey.

8. Construction of Boards.

The method ofnounting the map on the boards has already been explained. Certain matters in connection with the construction of blvaatigina
may be referred to as having interest and a possible bearing on future design

Difficulties were experienced with the ealgards on which the zinc sheet was nailed to the wooden base, as the movement of the wood with
changes of humidity caused buckling. It was found necessary to allow for expansion and contraction, and this was areaimyedways. One
method was to cuglots in the metal sheet through which the screws which fastened it to the board were passed, and which thus permitted free
movement of the sheet. Another was to fasten the sheet by one nail only, in the middle, and to paste linen on tatimnstiketetiges under the
board and fastening them there with small nails.

On the later Ordnance Survey zinc covered boards the sheet was fixed by tacking the linen under the board and witkoltrahgfdtstening;
and this was the simplest and mostsfatitory method of all.

Some trouble was experienced with the later three ply boards owing to buckling. This, however, it is thought, was fee tieathes time passed it

was almost impossible to get any properly seasoned wood. Both the three glgnaoie framed backing were probably green. It has been
mentioned that the official pattern of board was made unnecessarily heavy. It is possible, however, that the thicktiese giiyheood used on

the F.S.B. boards might have been slightly inseglavith advantage; and it seems probable that if future boards were made of somewhat stouter stu
both board and frame being thoroughly seasoned, they would be satisfactory in every way without losing the great adigdnttesgs.of

An excellent featre of the boards made by the Ordnance Survey was the attached American cloth cover, and the handle for carrying.

9. Preparation of Grid.

An important point in connection with the preparation of the board for use is that of the drawing of the prelindnanyigh serves as the
framework to which the map is fitted when pasted down in sections, During the war this grid had to be drawn on evenydioagd rge amount
of extra labour which it should be possible to save in the future.

It is of interes to note here the practical bearing of the grid used on British maps on the question of battery survey during operagitmsh@vact

that our grid was based on the sheet and not on the area of operations, combined with the fact that it Helsi@dif the grid was not continuous,
and there was an interruption, or foverlapo at t hdorynivensal tse,guthas f t
would have been extremely useful at any time, and invaluablegdanperiod of rapid movement; because no one could say where a battery would be
situated with reference to the edge of a 1/40,00 sheet. As an attempt to meet the difficulty, boards were issued dvithettiepopilotted at one

third of the width of thdoard, and on these the positions of most batteries could be plotted with a fair amount of convenience; but the method is
evidently a makeshift. The point is of considerable importance as showing the far reaching practical effect of a questias e outset

thought to be a matter of theoretical interest only.

With a continuous grid, such as the French used throughout the war, and we adopted at the end, and such as it is\wapedevilised in future,
there is no reason why boards shouldb®tssued with the grid already printed or engraved on them.
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10. Numbers Supplied.

The number of artillery boards required for use varied considerably according to circumstances. In the first placeteeyeegbméed at least one
board for use, andf, possible, an additional one at the O.P.; and if it was split up this number had to be doubled or trebled. Then tiere was t
question of second or alternative positions, which might be either reserve or advanced, according to the nature abtise lopeither case it was
often necessary to have at least one other board ready prepared.

On the whole. it would seem from the experience gained in the war that the normal equipment of any battery shouldfberdideeds, and that
something like a2 per cent. reserve should be held at the nearest Artillery Headquarters.

The actual number of boards supplied during the war by the Ordnance Survey was 11,379. Figures for those made loealgilabdendut as a
rough estimate we may take it thajuarter of the above number were produced in addition in France, making a total of about 14,000 boards of
various sizes supplied to the Artillery.

Of the boards supplied by the Ordnance Survey, 6,399, or 56 per cent., were 28 ins. by 32 ins , and28,@ed cent., were 30 ins, by 25 ins.
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Chapter 2.

Cross Observation. Section B Development Of Units

1. Early History.

Before the end of 1914 the question of battery prbminencegndvadous i FIl as
organisations were formed independently in order to deal with it. Probably every Corps devised some means of tryingné: fiatesries, with

varying degrees of success. One of the earliest and best organised of these uné$aah Spotting Section of the Il. Corps Artillery, which was
established on the front from Hill 63 to the southern outskirts of Armentiéres, under the command of Lt. Col. Pottiagequipped with alidades
mounted on sectorservhutofnl npét Fumenpndbswe®Obsintroduced in December,
and until observation was taken over by the Survey organisation. In November, 1915, the Second Army decided, howesgugimceonisthe
frequentmoves of Corps, to organise flash spotting on Army instead of on Corps lines.

In the Third Army the first organised unit for battery fixing was the Artillery Survey Detachment, which was formed i, Q&b5eThis was an
R.A. unit, though it included aomg the rank and file certain trained scouts who were not R.A. The officers were R.A. subalterns. This unit was
placed for administration and tactics under the R.A., and for training and technical methods under the O.C. Third Armghlcgddsgction.

Before long, however, this dual control was abolished and the Detachment put entirely under the O.C. Topographical Qetdistedtof seven
observation posts spaced along the Army front, each manned by one officer, six observers and telephonstpaindie H.Q. and collecting
centre being at the Topographical Section. It was equipped with directors and observation of fire instruments.

It was soon found that a single section dealing with the whole front was too cumbersome, and in AprilwE&1€plit up into Groups of three or
four posts, each Group being under an officer.

Shortly after the formation of the Third Army Artillery Survey Detachment, and following on a conference held by theh®.Giist Army formed

a Flash Spotting Sectidn this case the personnel were selected from officers and men who had experience of survey and the use of instruments:
peace time, but who included at first no gunners. The instruments used were theodolites reading to 10 seconds. Thkeddtigrowas of two
Observation Posts each, and for some time there was no prepeemtion between the groups. It was placed under the control, technical and
otherwise, of the O.C. First Army Topographical Section, but it should be stated that the equighwegaaisation had been decided before he took
charge.

There is no doubt that the First Army Flash Spotting Section was formed oil unsound lines. The decision of the ArmyAhatare ® be

employed (though rescinded in January, 1916) resultedoissaf touch with the Artillery and a want of confidence in the unit, which it took a long
time to remove. The instruments were quite unsuitable, being too fragile for rough work, and of a wholly unnecessafyadegraeyofor the
purpose in view. Themployment of groups of two posts was radically unsound, and enough insistence was not made on the necessity for co
operation, which is so essential to success. Lastly, posts were ordered to report individual flashes to the R.A., tr@relgyafleshace of

obtaining a location.

In spite, therefore, of the fact that at the close of the war the First Army batters fixing was among the best wekhadigatamnd a half for flash
spotting to live down its early mistakes in this Army.

2. Observation Groups.

In the meantime the question of observation along the whole front, with a view to the fixing of position of targets cialty edjpatteries, was

being considered at G.H Q., and it was decided that in the interests of uniformity of methodtemidhismvork should be definitely incorporated in
the Survey organisation. Consequently, on the for mattiioonn o fwashei nF
in the establishment (No. 239, d/11/3/16). The idea orilgimas that, though the Observation Section was divided into Groups, the controlling and
co-ordinating centre for observations was to be at the F.S.C. H.Q.

The Observation Group, however, speedily developed into a highly specialised and organised taddge-amdination of observation and location
within the Group was done there, though the F.S.C. or F.S.B. H.Q. remained throughout the controllingrdinating centre for results. In the
First Army the complete centralisation of work at the F.S.@Q.ldontinued for much longer than in the other Armies, mainly owing to the fact that
there was direct telephonic communication between the Company H.Q. and all the posts.

In this earliest establishment of the Observation Group, consisting of a H.Qnantbar of Survey Posts, it will be seen that no provision was made
for any office work at the Group H.Q. The Group H.Q. consisted of one officer and two o.r. (batman and driver), with eosidecation or light

car; while a Squad (for a Survey Posthsisted of eight o.r., including one driver for a two wheeled cart. This continued until Dec., 1916, when a
new establishment allowed for a Group H.Q. 2 officers and 14 o.r. (including 2 batmen and 2 drivers), with a light oacyzlecind a 2 whesd

cart, while the Survey Post Squad was increased by 4 o.r. to a total of 12. At the same time each F.S.C. was allowaét doersioad in excess

of the actual requirements for manning their posts.

When the Field Survey Battalions were authorisetbib8, the Group H.Q. establishment was increased by 1 officer (making 1 Captain and 2
Subalterns), but no other change was made, not because it was not desired, but owing to lack of personnel.

3. Method of Forming Groups.

The responsibility for the formatn of Observation Groups, for the number required to cover the front, and the number of posts required in each
group, was left entirely to Armies. The total number of groups formed was 29. Of these two (Nos. 25 and 29) were peonéo(Nal. 26) to
Salonika, and one (No. 28) to Egypt; while one (No. 22) was employed as a Screen Calibration Section. The maximum nugdzkoeriifgo
Western Front was therefore 24, which was just enough to cover the front without any reserve.

At first each F.S. Compamamed or numbered its own Groups, but this caused confusion owing to the frequent changes of units from one Army t
another, and in 1917, by order of G.H.Q., all Observation Groups were allotted numbers which they retained permanéetly therea

4. Schoolfor Observers.

Instruction of personnel for employment in Observation Groups was carried out in various ways by all F.S. Companiesrretingyetook over
responsibility for this work. Both the 2nd and 4th F.S.C. arranged small instructional cobutstg; most complete school was that started in the 3rd
F.S.C. in March, 1916, and which worked at Beaumetz (and for a few months at Dainville) until it was taken over by GHZQTinis school was
organised on highly efficient lines, mainly by Maj&/. Newbold, R.G.A., and its equipment and accommodation were so good that arrangements
were made to send observers to it from other Armies for courses of instruction.

On the formation of the Depot F.S. Company in April, 1917, the 3rd F.S.C. schoolnstetred to G.H.Q. and absorbed by that unit. The
establishment then authorised was 1 officer (Captain) and 10 o.r., of whom 7 were instructors or administrative staff.
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When the Depot F.S. Battalion was authorised in 1918, the establishment of thef@cBbskrvers was increased to 3 officers (Major and 2
Subalterns) and 23 o.r., of whom 15 were instructors and 5 administrative, etc.

5. Final Establishment.

A During the later stages of the war i t fliceatsanihceeasaidthdHhQ strength was ma k e
necessary, and an increase and change in the transport. This was not possible during hostilities; but when the adeanaayrttiGplace,

advantage was taken of the fact that a number of Groups woléft behind and would be unlikely to be required for service again, to increase the
W. E. of those going forward. The AHigher Establ i shmrowad®dbe hen ap
necessary for a completely effinoteGroup, capable of action in both stationary and mobile warfare. It was not exactly what theory demands, becaus
it was still necessary to limit the establishment to numbers and material actually existing, so that the transporttisvooldidteve beeincluded

had there been complete freedom of choice, and the personnel requires some addition, chiefly in linemen.

Apart from numbers, the difficulty of dealing with a unit whose strength was indeterminate had long been felt. An Ob&zorgiiconsistsf a

H.Q. and a number of posts. This number must be at least three; it was usually four, but it was occasionally convertieatacal é include a
fifth post and so bring in a wider range of country with no increase in the H.Q. staff. But theselméristrative difficulties in dealing with units
whose strength was variable, and the A.G. branch objected to an establishment which they were powerless to check stisuiaet wagive the
Observation Group a fixed establishment sufficient for@.tnd four posts, leaving it to internal arrangements to provide for a fifth post if it was
found necessary.

The higher establishment approved in W.O. letter 121/France/3507 (S.D.2), d/15/3/19, was 3 officers and 79 other raitig 1Rédudrivers,
batmen and cook, this left a C.Q.M.S. and 66 tradesmen, made up of 53 survey post observers, 12 linemen, and 1 carpesportee., was 1
30cwt. lorry, 1 light car, 1 motor cycle, 5v¢heeled carts, 2 riding horses and 6 bicycles.

The above séngth was intended to provide four posts of the usual establishment, namely 11 s p observers and 1 drivdreelat as2t.

The only changes which it is desirable to make in this establishment are to add 5 linemen (making 4 per post and AdabHiip3tiaute a 3 ton
lorry for the 30cwit. (to carry cable); a 15cwt. boxcar for the light car; and a G.S. wagon (for H.Q. stores) for orewbiettled carts.

The establishment would then be
Personneb 3 officers, 84 other ranks.
Transport, et@ 1 3ton lorry, 1 15cwt. boxcar, 1 motor cycle, 1 G.S. wagonwh@eled carts, 2 riding horses, 6 bicycles.

If Groups were provided with C.W. wireless setsytZeeled carts would have to be replaced e limbered wagons.
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Section Il. 8 Technical.
1. Functions of the Observation Group.

An Observation Group is a unit organised and trained for the purpose of fixing objects by cross observation, or, irdsttisr tiverintersection of

visual rays, and especially of fixing tpesitions of guns or shell bursts by observation of their smoke or flashes. The duties of Observation Groups,
as laid down on their formation, included watching all ground to their front, and fixing and reporting the position afedror tanusual occrence,

but by far their most difficult and i mportant dugsheltbusts fotranging. of f

The duty of an Observation Group may thus be briefly defined as to provide accurate thredére @servation for both location of targets and
observation of fire.

With that in mind, we will trace the development of the methods employed to attain these ends.

2. Early Methods.

The problem of flash spotting may be said to consist in training wérseto observe flashes, and directing them on to the same flash. When, as was
usual in France, the number of flashes is great, and enemy guns are close together, or in positions extremely dg&cwuét ¢sunh as behind hills

or in woods or buildings it is evident that for flash spotting to have any real practical value it must be carried out by a highly organised unit
employing the most accurate methods.

It was for this reason that the earlier attempts at flash spotting either failed altogelidemairproduce the best results possible. An axiom in the
fixing of positions by intersection is that the positions of the observation posts must be accurately known, and #etdhefithe observation

rays must be as accurate as the nature aflibervation will permit. The early observation posts were usually fixed from map detail alone, and in
those days the map was not accurate, while rays were often magnetic or referred to magnetic north. It is not diffiexdtanditicht observations
mack in this way, even to stationary and easily observed objects, would produce doubtful and inaccurate results; and ediddifticelgr is

added of observing a large number of obscure flashes, it is not surprising that, although a great mangnstefsegts were obtained, many of
these were false intersections, and the results bore little relation to the true positions of the enemy guns, andrthatteopmterk in the early

days was consequently-@ffective.

When observation was taken owmsrthe Survey Units the positions of all observation posts were naturally fixed exactly, and the measurement of
bearings was done by accurate methods, so that errors due to uncertainty in these respects were eliminated. The gsbldpottofgflwas no
however, solved thereby, for there remained the difficulty of ensuring that observations were being made to the sahe fladie resolves

itself into one of synchronisation; that is, either of directing observers on to a flash which appegarsratreoment, or of picking out those
observations which are made at the same moment, and so ensuring that they are on the same flash.

The first method adopted was to time all observations. This entailed the laborious comparison of watches at integ\hks day and the booking
of every observation to the nearest second, and it also meant subsequent comparison of all these timed observatienstonsgiecting those
which referred to the same flash. A very useful check could be obtained by timei interval from flash to report, and this was usually done.

Attention was soon directed to providing some means of recording the times of observations automatically, or of transamittergent signal to

Group H.Q. at the moment of observatont fFms of chronograph were considered, but nothir
was tried at the H.Q. as a means of signalling and ensuring coincidence of observation 1mm the posts, but it provédactsipand, moreover,
gavet roubl e, due to short circuiting. Finally the AFI| asrinsaumentf@u z z e

synchronisation which was used till the end of the war.

3. Flash and Buzzer Board.
The idea of an exchange showilights by which observations could be synchronised originated with the French, who were experimenting with suct

a board in Febrwuary, 1916. Lt. (now Major) Hemming tradockdthtehi s i de
impot ant feature of buzzers. Lt. Hemmingds design was pinNodembeead i n
that year.

The flash and buzzer board is a telephone exchange for communication between the Group H.Q and fes8&jrapg provided with certain
arrangements for assisting synchronisation of observations. The first pattern was a 4 line ringing exchange, buttthenlates@a6 line exchange
working by buzzer. By means of this exchange the Group H.Q. cantspaak post singly or to all at once. The face of the board is provided with
four (or six) small lights, in connection with each of the Survey Post lines, and so arranged that the survey postashdsryeessing a key at the

post, cause his light low. A buzz can be made to sound simultaneously with the light by pushing down a key. A buzzer sounded by any observe
can be heard by all the others. This is an important feature, as will be evident from the description of working given below.

The wholeboard, the construction of which was carried out by the General Post Office, is very compact, and is contained in arbax I8€aduy
10 by 16 | ins, high, which also carries the operatords telepho

The method of working usually adoptedinthe B&t t al i on was as follows. A Aleading obseryv
Each time the flash appeared ~n his telescope he pressed his key, sounding the buzzer. The other observers, watthiigitiswugtents, could
hear he buzz, and by this means were greatly aided in picking up the right flash. They in turn observed and pressed thiein Kesis,dase the
operator at H.Q. cut off the buzzers so that the lights alone indicated the observation. Finally the leadirzs lout off, and the last lighting of

lamps had to be done with no help from any outside source. When the operator was satisfied that all were on the sateidfifshohservers to

book and report their readings.

Working by buzz alone was sometisneesorted to when, owing to faulty lines or other causes, the F. and B. Board would not work, and D3
telephones had to be used instead. In such cases each D3 telephone was tuned to buzz at a different key, and th&opeoginiseoeach post by
its characteristic buzz.

The method of observing with the aid of the @buzz dsnbdoabnthatithelped e ad
to obtain a large number of intersections.

4. Work and Equipment of Group Headquarters.

The duties of the O.C. Group and Group H.Q. were generally to administer and control the Group, to work for and wittttikdocaand in
conjunction with their neighbouring Groups and S.R. Sections.

Of ficers had t o armmaofgabbrafiooar rangimgshabts, yo dixsthe pasitogsrofanew posts, to visit posts by day and night, to
render reports of all kindsroutine, special, administrative, €icto maintain the Group telephone lines and instruments, and to carry out moves
when necessary.
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At the Group H.Q. there was always a good deal of administrative work, there being some 62 men to look after, dissrbaftetbtachments at a
distance, and seven horses, besides carts and mechanical transport Besides this thetechwisahdirection of observation and the plotting of
locations.

It may be noted that the work of an Observation Group extended over both night and day. Night was the best time féildfdédgedemy guns,
because it was only then that the flasheddcba seen. When there was sufficient command to allow of seeing the flash directly, day work was, as a
rule, the more accurate, as the flash appeared as a minute point of light. The buliixihgwaas done at night, but much valuable work was done

by day by all Survey Battalions at various dates. Most ranging was, of course, done by day, because the smoke of thenstuelldgosid object

for observation.

An important duty at the Group H.Q. was the estimation of the accuracy of a location. Aseasacigssified as P, Q, or R. P meant that the error of
the location might be taken to be not greater than 50 yds., Q not more than 100 yds., and R not more than 150 ydedtt atabagnd of the war

that R ought to mean 200 yds.) This classiftzatvas not intended as an absolute guarantee, as it was impossible to give this; but it was intended a:
reasonable guarantee, so far as the judgement and experience of the Group Commander and his knowledge of the coselitiatisrotobld give

it, that the true position was within the limits of error indicated.

The equipment of the Group H.Q. consisted of the flash and buzzer board, a small telephone exchange for outside comphttigtimards on
both small and large scales, drawing inseumt s, | ogari t hms and other books, carpenters?®o

5. Work and Equipment of Survey Post.

The duties of a Survey Post were to watch the front generally and to make such observations for location as were eetaiterdistially took the
form of fixing guns and observation for ranging. T®ecamesdieavythat end
watching of the front was often impossible, except in the most desultory fashion.

Of the eleven Survey Post Observers on the establishment it was rarely that more than eight were available, owing tdezas)digsiess, or
lack of reinforcements. Two men had to be on duty continuously, one was required to cook, while it waths¢ldoenman at least was not
required for work on lines.

Observers got to know their fronts intimately, and it was common for newly arrived batteries or other units to senthdffe&usrvey Posts in
order to familiarise themselves with tbleief features in the landscape.

The equipment of a Survey Post was an observing instrument, telescope, field glasses, stopwatch, breastplate teleitemeitransadpiece,

and a supply of maps and panoramas. The observing instruments variedrm patd will be described in a later paragraph. Telescope and field
glasses were for general watching, but with improvements in the observing instrument the former became unnecessaeld tilesgésfiwere

always useful. The stopwatch was for timitesh to report intervals. The breastplate telephone outfit enabled an observer to speak to H.Q. while at
the same time observing and having his hands free. It was a most useful addition.

6. Ranging.

Observation for ranging guns is an evident corollanhefwork of an Observation Group, for the accurate fixing of the position of a shell burst offers
no difficulty to a properly equipped unit. Ranging may be done for two puddeesalibrate the gun or to get on to a target. The former is done by
observingbursts on the ground, the latter by fixing bursts either on the ground or in the air.

Towards the end of the war observation for ranging assumed such impdremitevas obviously better to hit such targets as we knew than to be
continually searching fdresh targe® that many Groups were employed on that work to the exclusion of practically all other. Proposals were also
made on various occasions for the formation of small groups or detachments for this purpose only.

These did not materialise officialliput a number of unofficial groups were formed in various armies. In the Third Army, for example, from February,
1918, till the end of hostilities three posts in each Observation Group were duplicated. The duplicate posts were mdatzhiment of Ailery
consisting of two officers and about twelve other r agedhnscontdllee se d
technically by the Observation Group to which they were attached. The result of this increase of lpgesoamecided improvement in results. The
Artillery took a greatly increased interest in ranging and calibration by cross observation, while the Group, owingsemtieecdfulistractions, were

able to secure a much larger number of daylight locat®inglar ranging detachments were formed in the First and Fifth Armies with R.A.

personnel at a later date, but owing to operations, lack of transport and equipment, etc., they did not become aquessitdabsgh they did some

good work.

It may be natd that the combination of R.A. and R.E. personnel had nothing to do with such success as was obtained by these Ramgini.detac
The essential point was the need for extra personnel to do the extra work. This personnel could not be obtainedErpsothefRsupplied by the
R.A.

(a) Ground Burst.

(a) The earliest observation for ranging on the ground burst was done in the Second Army. It was also foreseen in the BsimhA of the duties
to be done by an Observation Group, but it was not th&imiddle of 1916 that the question was taken up at all generally, and that its capabilities
began to be realised by the Artillery.

Observation far ranging on the ground burst resolves itself into a question of reporting the result quickly and aodheai@liillery in the correct
manner; that is, in terms of yards short or over, minutes right or left. The observation of the burst is a comparatvehati@npas, given a good
burst, it is an easy object, and there should be no difficulty imgettfirst class intersection. The rapid determination of the position of the shell
burst with reference to the target and the line of fire involves the previous preparation of graphs, and various mettedsegendich will be
described below.

By themiddle of 1916 a number of Groups had graphs ready for various datum points and targets. At this period German Adillergitaed the
construction of clearly defined heavily protected positions, which were easily visible on air photographschmdrtimued active for months.
Observation for ranging upon these could be undertaken at any moment if they were visible from the posts.

(b) Air Burst.

Ranging on the airburst came into use in the British Army in the autumn of r917, but at that datelieady common in the French and German
Armies. The British Artillery were at first handicapped by the Jack of the necessary time fuse for high explosive shsflitbudf this fact this
form of observation grew gradually into favour. Considerabjgetus was given to it by the excellent arrangements and the quick reporting
introduced by Capt. Coburn (of the 4th F.S.B.) during his period of duty at the Overseas Attillery School, Salisbury Plain.

The theory of airburst ranging is simple. It is dedite@ range on a target which is invisible from the observation posts, but whose map position is
known. A projectile is fired at approximately the correct range and bearing, and timed to burst at some point in itg Wwhgretd is visible from
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the obervation posts. It is then possible from the known laws of the trajectory to determine where the shell will strike themgitdemmbssible, by
suitably lowering the angle of sight, to cause the shell to strike the ground at a point verticalljhbekmwhich it was observed.

Either of these methods may be employed. The formeticallnl dardv &r
As far as the Field Survey Battalions were concerned, it was immateiéil miethod was adopted, and at first both ways were tried. Later it was
decided by the Artillery, for various practical reasons, that the latter néettamdjing on the point vertically above the taégshould be adopted
exclusively.

The Observation Groupsere well situated for carrying out observation for position in the horizontal plane, but their instruments were riot adapted
for measuring vertical angles with the necessary accuracy, on account of the inferiority of their levels. They had, théee$ogplemented by
theodolites for this purpose, until the provision of the Theodolite Flash Spotting, with its later and more accuratievetm of

As in the case of ground burst ranging, the chief difficulty was really the quick determination andgegdte position of the burst.
It will be noted that, as the target cannot be observed, the method depends for success on the accuracy of the map.

(c) Plotters.

As mentioned above, in order to make the accurate work of the Observation Group of vieall pitdity, it was essential that there should be no

delay in determining and communicating the results. In this respect the Observation Groups had to compete with tHeoAwgtdrpbserver, who

sent his report over the telephone within a second@of the fall of the round, and, though it was admitted that the Groups might be more accurate,
there was much doubt at first whether they could give their results quickly enough to be of u~. There was also thef quegtication for
observation.flthe Atrtillery could not call on an Observation Group at short notice, it was unlikely that they would view the new migthfadsur.

It was evident from the outset that there were three requirements to be fulfilled in the method of determiningf the fiell with reference to the
target :0

(1) In order to be sufficiently quick, the method must be graphic.
(i) In order to be sufficiently accurate, it must be done on a large scale.
(iii) In order to amid delay in previoyseparation, it must be readily adaptable to any positions of gun, target and observation posts.

The third requirement was really the crux of the problem. At first the position of gun, target and observation posts lati¢d bn a large scale,

and ths process, which even when the personnel had become expert took half an hour, had to be repeated for every chamgetafrgun, ta
observation posts. Attention was consequently dir diovagidgpbstionsanek de
conditions. It is probable that every Observation Group devised some means of dealing with the problem, but all watdenfairggeneral use.

Capt. (now Major) Jessop, for example, produced an elaborate mechanical dewice ks t he fAJungl e Plotter, whi
but was too heavy and too complicated for manufacture in numbers.

Of the plotters readily adaptable for general use, two may be mentioned.

Percival Plotted Lt. Percival, while an Instructott $he School for Observers, designed a graph by which the rays from a Survey Post in any positiol
could be plotted on the scale of 1/5,000. The graphs were printed on tracing paper, and one was pinned in positioarf@yeaokt &om which
observatios were to be taken. The rays from the Survey Posts could be plotted (with weighted threads) in a few seconds, andf bysmitzdois o
graph also provided for the target, the position of the intersection with reference to the target could be dewmmngoatkly. The plotter fulfilled

the necessary requirements admirably, the whole process of previous preparation and reporting the round taking amerytshag &n ingenious
arrangement, for which the designer deserved great credit. The @igeictiit were that the graph sheets were rather large, and consequently required
a good deal of room, and were liable to be torn.

Coburnds Tr an sd@aptenmow Mar) CaburnRdesmgnet graphs for plotting at about the same timéascivtal, but independently.

His graphs showed rays from an observation post drawn at various distances. The suitable graph for each post was dimgsemnitscdistance

from the target. The graphs were printed on tracing paper in various colotivat #w different posts could be distinguished, and were used over a
sheet of glass and read by transmitted light. A large stock of graphs had to be carried, and it was not always easydh #etifacing paper and
distinguish the intersection; bilite Coburn plotter was much quicker to use than the Percival, and judging by results it seems to have been the mo:s
practical, for at the end of the war ~t was in use in about half of the Groups, the other half using various kinds,timelRdnegyal.

Smel | i e 6 $ Chpt. Smellieadestgred a protractor, which was really an adaption of the Percival plotter, for setting off scales whereby ray
could be plotted. Instead of using the printed graph the scale was drawn in the board (which couldjbieldpneth the aid of the protractor). This
had the advantage that less room was required than for the Percival plotter, and it was rather more convenient for operation.

7. Liaison with Artillery.

As the efficiency of Observation Groups developed aait #hrtillery work came into prominence, the great importance of close liaison with the
Artillery became more and more evident. It was realised that intimadpem@tion was quite as important as intensive technical training, and that it
was essential tthe practical utility of the Observation Groups that there should be the closest touch with the Artillery generallyh tloéh wi
Counter Battery office and with the battery. In the early days of the war the dearth of Artillery officers led to tamguiedale that none could be
spared for work in the Survey units, consequently few of the Group officers belonged to the Artillery. This did not fhelgatablishment of a
good liaison, in work in which acquaintance with Military methods and peastés so important. To meet this difficulty Group officers were
frequently attached to batteries for a period; courses of instruction in flash spotting were given to R.A. officers kutunesnyere given at

Artillery Schools, and every effort was madeextend observation for calibration or ranging.

8. Observation Groups in Mobile Warfare.

8. Observation Groups were developed in a period of stationary warfare, and for some time were considered to be stotabtarloimysuch

conditions, and stateents to this effect were made in several official documents. Actual movements of the line, however, necessitating mbvement
Groups to conform, and the continual increase ~n their efficiency, showed that, given proper equipment, Observationr&cappableef a high

degree of mobility while at the same time maintaining their usefulness. Much attention was given to this subject avid thah®bservation

Groups must fill in open warfare, with the result that their mobility increased to a réneadegree. But there is no doubt that their usefulness in this
direction is capable of great extension and that the subject is still in i~ infancy.

(a) 1916.

(a) The battle of the Somme was the first test of the ability of all geographical methods toabieiconditions. It was, naturally, impossible to
arrive at a sound tactical programme without such experience. Different ideas on the handling of Groups at once becan@rethgaoee hand,

in one Group, under the orders of an old regular gunrezything was sacrificed to mobility, the Group was moved forward without due regard to
the possibility of maintaining the essential communication between H.Q. and the posts or between H. Q. and the CoyrafficBatted it became
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a mere collectionfdndividual independent posts. On the other hand, another Group, by moving forward one or two posts at a time, was Able to
continue in action with but little interruption, though lack of trained personnel and inadequate equipment made theoadslanesd the results of
their work somewhat meagre. There is little doubt however that the style of this battle with its succession of localsdbjedtself to an advance
post by post, and that this policy was the best in the circumstances and afdméetter results than the other.

(b) 1917.

(b) The battles of 1917 were not responsible for any marked advance in methods or tactics. Advances were too smalttiqogaaticeun
mobility, and the change in German artillery tadidke introduction balternative positions, wandering guns, and the value given to concealment at
the expense of protectidrbrought many new difficulties.

(c) 1918.

(c) During the operations in the spring of 1918 the retreat on the extreme south of our line was too gf@mloeetinuous to allow of much flash
spotting. Artillery work generally was on visible targets or on cross roads and communications, and locations wouldeehlai\great value.
Groups were assembl ed i n r ear hedaafedce 6f dmiens suffepirg fairly healry céisatiiese y 6s For ce o

On the & Army front however movement was more methodical and much less rapid. Groups were able to keep in action, changing Hages every
and keeping touch with the nearest heavy battery or lidgéere, as always in mobile operations, the chief difficulty lay in keeping in touch with
someone who could exploit the information gathered.

On the Lys front the experience of the German offensive followed very much on the same lines, with add¢i@slifficapography; for the
country, flat, heavily timbered, and closely intersected with hedges, affords extremely few good observation posts. Tougbietely lost with
C.B.S.0O0.6s as it had been in the south.

As the line steadied Observation Groupsktup their ordinary duties again. The numerous and accurate locations in the Lys salient and from the
Vimy Ridge were perhaps the most noticeable feature in location, whilst calibration and observation for all sorts afréhmed to a greater
extert in the south, where muzzle flashes are rarely visible by day.

During the last offensive, on the north of the line the advance was at first so rapid, and the road communication tsGeaghsticauld not keep up
and were for a time out of action. Ea$the Messines Ridge however conditions were easier, and Groups had no difficulty in keeping up with the
heavy artillery, though unfavourable ground and weather prevented their effecting many locations. In this advanceriyshswieghat a Group
moving along a road can deploy and get into action in 3 to 5 hours from the time of arrival at the point of deploymergd@ttiensl from the
experience of this advance are embodied in the conclusions at the end of this Chapter (Section Ill).

From Amiengo Arras, however, the advance, occasionally in bounds of ten miles at intervals of several days, occasionally indiethoéée
thousand yards daily for a week or so, gave ample opportunity for experience and deduction.

At the end of the period 1Bups were thoroughly efficient. Advancing along a signal route, in close touch with some Heavy Artillery Brigade,
occupying a small base (3,680000 yards), continually studying the topography ahead and sufficiently served by transport, they averaggd as
locations as in quiet times, and showed that the Observation Group is not a purely siege warfare unit, but is a neaedisagnaatlle adjunct to
the artillery work of a large army.

9. Training.
(a) Observation.

(a) Training in observation andettwork of a Group was carried out first by the Third Army School, and later by the School for Observers at G.H.Q.,
the officers immediately responsible for instruction being first Capt. (now Major) Newbold, and later Capt. (now Maja)Rdbiere were

usually from 100 to 150 pupils under instruction at a time, made up of recruits from the base and men from the F.S. Battaijming

Preliminary or Advanced Courses.

Recruits for Observation were obtained by the selection of likely men from thevizess® (nuch help was given by the D.A.G.) or from the Armies.

It was found that men who had had no experience at the front were of little use for several months, however suitabi eegth@grise. The

ordinary conditions of life in the Observationdap appeared to them hard, whereas the man from the trenches welcomed the comparative relief, ar
was besides already educated to the sights and sounds of warfare.

Courses of instruction for S. P. Observers were either Preliminary or Advanced. The florough which all recruits were put, lasted three weeks,
and included instruction & Organisation of F.S.B.

Work of Group.
Measurement of angles.
Use of instrument.
Fixing batteries.
Maps and map reading.
Use of stopwatch.
Nature of Artillery andshells.
The Advanced course lasted three weeks, and inauded

Map construction, cordinates, etc.

Observation, other instruments, etc.

Information about other units, such as S.R. Sections and Balloons.

Work of Group and Post.

Telephones, electrical corgt®ns, etc.
Courses of instruction were also given in computing, in order to provide at least one man in each Group capable othigatimprvputations
necessary for rapid surveys and ranging.

The detailed syllabus of these courses will be foundgpehdix V.

For instruction in flash spotting an elaborate dummy range was provided in which gun flashes were simulated by elecarnd lggit smoke by
smoke puffs from fibee puffers. o A compl e nstructhn was qarried aw in thennsst practica d ,
manner. For general observation, the 3rd Army School when at Beaumetz had the advantage of a post from which a visenahestbeuld be
obtained; while the G.H.Q. School had one overlooking the samelsdand a big stretch of country in which troop movements, tanks, machine gun
manoeuvres, aeroplanes, etc., could be seen. In 1918 the use of a 6pr. gun was obtained on which to practise obsargatgmn for
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(b) Mobility.

(b) The first definite traimig for mobile warfare was given in the 3rd F.S.B. early in 1917. With the lessons of the battle of the Somme in mind,
courses of instruction in mobile warfare were held in preparation for the battle of Arras.

A Group of three mobile posts, with a forwarbaear Headquarters, was the organisation chosen. Speed of construction of lines, of fixing positions
graphically, and of subsequent computation, organisation of transport, and packing were all practised. These coursesalgablmand taught
many kssons.

Subsequently much thought was devoted to the mobil i tnthese fineffontwasGr o
made to make all affairs of detail into a routine or drill which should follow automatically, whdst c at i ng N. C. O. 6's 1/ c F
own posts and generally to use intelligence and initiative. These ideas were not accepted everywhere, though thele dantivéhit the original

Third Army course and the subsequent mobile ®mws at G. H. Q. were on sound | ines. It was,

because the number of Groups never allowed for more than an occasional reserve Group, whilst most Groups remained cofttialioesirom
their formaton.

(c) Survey.
(c) Courses in survey were held in order to instruct officers in the knowledge necessary to fix their positions fraw trig, da

10. Observation Instruments.
A variety of observation instruments were used in different places aliffea¢nt periods during the war.

(a) Theodolites.

(a) Theodolites of ordinary surveying pattern were used for the observation of horizontal angles in the original Flagts8pitth of the First
Army. A common theodolite is not, however, suitabletfis work, for which a strong instrument is required, with good telescope power and a wide
field of view, and which need not read to less than 1 minute of arc.

Theodolites were used later for the observation of vertical angles, for the special purpdmesifranging.

(b) Instruments, Observation of Fire.

(b) These instruments, designed, as their name shows, for the purpose for which Observation Groups were formed, wereifopasstssion of
all Heavy and Siege Batteries, but were not used Isethrits. They are in many ways admirably suited for their purpose. They are very strong,
easily manipulated, and are provided with means of illumination for night work. Their defects are unnecessary weiglkesaopeattet is optically
inferior and ha too small a field of view; but they proved invaluable for the work of the Observation Groups, and were widely usethaatil log
better instruments.

(c) Directors.

(c) The latest pattern of Artillery Director used by the Observation Gidupe MarkV.d has the advantages of the Observation of Fire Instrument
without its undue size and weight. The arc is, however, graduated on the vicious artillery system of 180° right atehkbff irwaind the circle

from 0° to 360°; and its optical qualities arerhaps inferior. These instruments were preferred to the Instrument Observation of Fire, except for
purely stationary warfare, but they were a good deal harder to obtain, being wanted for use by batteries. Practitalyeat poswever, equipped
with them before the introduction of the French telescope and the flash spotting theodolite, and the great bulk of bgttemrfixthe war was

done with these instruments.

(d) Theodolite F.S. and Longugue monoculaire.

(d) The attention of both the éfich and ourselves had for some time been directed to the design of a suitable instrument for use in the Observatior
Groups.

The British produced first the fi Trench t heodol i meuntiag, wakbaset onthats a
of a captured German instrument. A few of these weréetinged, wasdd
by Major Henrici, R.E., embodying various modifications. Both these instrumengsaranged to measure vertical angles as well as horizontal, and
their chief feature for this purpose was that the level was attached to the telescope, and that vertical angles wemgratadlerin the field of

view. The Theodolite Flash Spottirga compact and handy little instrument, with power 6% and field of view about 6% degrees, and is carried on
simple well designed mounting, with circle reading to one minute.

The French had previously designed two instrungeti® longuevue monoculairgfor use by day, and a binocular for nighioth fitted to work on
the same mounting, which had a circle divided in milliemes. The lemgeenonoculaire was a prismatic telescope of excellent optical quality, with
a 3in. object glass and a triple eyemgpowers 32, 23 and 16).

The Service Géographique, who had the supply of these instruments in hand, informed us that they had placed a lamyedciair #ogy could
provide for our wants also if we so desired. We welcomed the opportunity, anddeeided to take enough of these telescopes to equip all our
Observation Groups and to fit them to be carried on the mounting of the Theodolite Flash Spotting. During 1917 a ceetairf thesd telescopes,
complete with the French mountings, were atediand used, but in the winter of 191 a large number were fitted to the British mounting and
were also provided with graticules, and by June, 1918, all Observation Groups were equipped with them.

The new outfit was in most respects a great improveoreptevious equipment. The French telescope was excellent and acknowledged to be
superior to any of similar size previously used by the Groups, and the little theodolite for night work was agreed tatbe Ting one rather serious
defect in this egpment was that the mounting, designed to carry the flash spotting theodolite, was too light to take the big telestopessulth
that the instrument for day use was not sufficiently rigid, and a considerable amount of play developed early.

(e) ColeSInstrument.

(e) In the autumn of 1917 Sergt. Coles designed an instrument for observation and flash spotting which embodied @nadatigarig consisted of

a theodolite in which an image of the divided arc was projected, by means of a prighe fietdl of view of the telescope, so that objects could be
observed and bearings read over a fairly wide field without moving the telescope and without taking the eye from theTdyept@ntage of such
an instrument for the difficult work of flagpotting, for observing shell bursts, or any rapidly moving target, are obvious.

The construction of this instrument was put in hand in May, 1918, being entrusted to Messrs. Watts & Son. Certainifitadties! ehainly

connected with the optics weeacountered, and this delayed the production of a model instrument, and hostilities ceased before the design could |
sufficiently perfected to allow of construction in quantity. The instrument was therefore never put to practical useld the itwas agreed by all

who tested it that it constituted an immense advance on anything previously used. Construction is being continued nardbitiltiform the

equipment of future Observation Units.
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(f) Other Telescopes.

(f) The instruments described@ve are all designed for angle measurement. Besides these, fieldglasses and telescopes were used for ordinary
observation. Fieldglasses were all of prismatic palttealnl eeBefi eSco
supplied. There was little to choose between these, and they were satisfactory until superseded by the beites. lovigere the demand for good
telescopes was made by the Army generally in the early days of the war a large number were purchglksedifrdin the various makers of optical
instruments and sent to France, and of these some found their way to the Field Survey Battalions. They were mostijnmzhsatieon of long

focal length, and though excellent telescopes in themselves, mesdyeunsuitable for use in a confined observation post.

Mention must be made of the telescopes supplied by Colonel Gifford. This officer is an optical designer of some nat¢harmmbatessor of a

quantity of Jena glass. He constructed a large rumittelescopes which he presented for the use of the troops. A number were sent to the Attillery,
and eventually four or five to each F.S. Battalion. His telescopes were gafgsiptical quality and were most valuable. Colonel Gifford paid a visit
to G.H.Q, by invitation in 1915, and after a visit to some of the Observation Groups set about the design of a smalfdeleseapeonfined posts.
Various delays were encountered in manufacture, and by the time construction could have been utihde@akenvation Groups were well
provided otherwise. Colonel Gi ffordés name shoul d, h wanttwoé r , be r
telescopes at his own expense for the use of troops at the front.
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Section 1.6 Deductions.

1. Role of the Observation Group.

The experience of the war shows that the real duty of the Observation Group is to provide accurate thrieeoolfservation whenever required
for both location of targets and observation of fire.

To this end itmust be seftontained and mobile. It must be capable of doing all work necessary to its installation, such as survey and erection and
maintenance of lines, without outside help, and also be completely independent in matters of interior economytshirty @&l distributing

rations. It must be capable of moving 10 miles a day and of coming into action within six hours of arrival, and it mastrkeeg in touch with

some artillery formation.

The above implies a highly organised skilled body whadeevlies in team work. It is obviously absurd to split it up in mobile warfare into
independent posts on the Lovat Scout principle, as was once proposed, and it is equally unsound to leave it behindyferdsning dn advance,
and thereby lose its séces just as hostile batteries begin to come into their new positions.

Command of the Group from the Army is, in mobile operations, impossible. Tactical instructions to the R.A. issue fropstih€droup should
receive its instructions from the sarsource.

2. Personnel.
(a) Officers.

(a) A good grounding in gunnery is an essential qualification for an Observation Group officer. As the Groups of thél foéuketiery units, it is
not necessary to emphasise this point.

Every officer must alsbe thoroughly trained in survey. Map reading is, of course, important, but far more is needed. The ordinary simp& methods
intersection, resection, traversing and planetablidgmust be familiar to him. The simple calculations involved must also be sadiatndt he can
direct and check the Group Computer even if he does little computation himself.

The third essential is a practical knowledge of signal work and a thorough grasp of the electrical connections andsmstoaseanty to the running
of his Group.

(b) Other Ranks.

(b) A large proportion of the rank and file must be skilled observers. There must be an ample staff for the maintenesemdfitistruments, and

this staff must be sufficient to allow of picking up an old base simultaneousiyayihg out a new one; otherwise delay will be caused which will be
fatal to the successful employment of the Group in mobile warfare. It may be noted that one of the great advancesyroétfiee€dbservation

Groups took place when they undertook érection and maintenance of their own lines, instead of relying on outside sources. The H.Q. must incluc
a surveyor, or computer, and skilled fiboardo N. C. Guchsadesmehasap!| ot
necessary to make the unit independent, such as a carpenter and bootmaker.

3. Equipment and Transport.

It is unnecessary to go into all details of the equipment here, but a point that is intimately connected with the nensoenef pecessary and the
anmount of transport is that every Group should be provided with enough wire for two complete bases, with, as mentiomediouthpgragraph,
enough men to pick up one base and lay out another simultaneously.

The transport allotted must be ample andeslfor any kind of country. The transport available during the war was quite inadequate. Having started
with the idea that an Observation Group could he employed in stationary warfare only, it was realised later of howegitezdwdbe during

movemat, but by that date the situation with regard to transport made any increase impossible to obtain. But for futureoorgpetsatiattention
should be paid to this point. The details of what is necessary have already been given in Section I.

4. Training.

Training should be directed not only to making the unit efficient technically, but also to making it work together abatieahen stationary and

when on the move. For this purpose mobile courses such as were held during the wanakiatdst and also because they keep alive the esprit de
corps of the men and make them realise that the unit is an active one. It is, however, important to guard againstta waigeuiits which have

to combine technical with military efficiencyeaapt to fall. If the Observation Groups of the future develop into units whose chief ambition is to pack
up in the shortest possible time and gallop to another site, their value will disappear. Technical efficiency mussbeartthéhé chief objecind

when that is ensured it must be combined with military rapidity.

5. Questions for the Future.
There are several questions which affect flash spotting which have not yet been solved The first of these is the adohwdtallrBashes.

(a) Automatic Record.

(a) In the earlier days of sound ranging the human observer was used, whose duty was to tap a key when he heard ahgurepredfuman
observer soon gave way to the microphone. Similarly in flash spotting the time will probably comevheman observer will gave way to a
photographic record. So far the difficulties of finding a plate sensitive enough for the purpose have proved insupbeabfe:aliee the camera
must be able to record the glow or reflection of a flash from a diiladiz from direct view. Most location by flash spotting is done upon the glow
and not upon the muzzle flash. Should the camera succeed in replacing the observer, the personnel could be cut dewgtamd the base could
be much reduced, becauselt# great accuracy of plotting which can he obtained on a plate.

(b) Wireless Transmission.

(b) The second point is that of communications. It is one of the hardest problems to get information back from the Grotipety@iner. This
difficulty shouldbe largely solved by the introduction of wireless telegraphy. Either C.W.W. or Sparking Sets could be used, but whiehsver typ
employed must be such as is used by the batteries themselves.

Wireless will also solve the problem of warning all other lioecatinits of the area in which activity is suspected, so that confirmatory evidence may
be got at once. It may also do away altogether with the necessity for laying internal communications in the Section itself.
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Chapter 3.
Sound Ranging.

Section1.0 Development Of Units.

1. Initial Steps.

The possibilities of Sound Ranging were first investigated by the French, who had several Sections working early ituti@idbhwaadjoining

the British front, at Arras and north of Ypres. The subject a¢tdaattention in the British Army, Generals Uniacke and Phillips being among the R.A.
Officers who were interested. The latter had actually proposed as early as 1914 that the possibilities of fixing pssitrahdhould be

investigated. Colonel BlandfR.E., wrote a report on Sound Ranging as he had seen it in Paris in March, 1915. In April, Colonel Hedley, R.E.
(Geographical Section, G.S., War Office), was so impressed by what he saw and heard on a visit to Paris, that he wet atd@cend regprted

on the subject to various senior officers. The result of this was the despatch of a Committee of three to report onuRceReln@ng. The

Committee consisted of Major Winterbotham (Survey Expert), Capt. Lefroy (Electrical Expert), and Majar Rray&he last named returned to
G.H.Q. very soon, but the two R.E, officers continued their investigations, and in due course reported on the questenmd@oosi little was

known of Sound Ranging at that time, and in what a crude state the Bystein was, it is a great testimony to the ability and foresight of these two
officers that the report and recommendations they made hold good to this day, and have been amply justified by thegestenittfigiereport was
that=

(1) Sound Ranginghbugh in its infancy, was a practicable proposition, and would give valuable results.
(2) The Bull system was the best.

On receipt of this report the Committee was sent on a second visit to see the working of a French Sound Ranging $fctinn #iefr second
report confirmed the first.

The matter was put before the Experiments Committee at G. H.Q., but they decided against ordering any apparatus, dritthetheoomethod had
not yet reached a sufficiently practical stage. After some furtpeesentations, however, they yielded, and authorised the purchase of one
experimental set. This set, made in Paris by Mr. Bull, was ordered in June and delivered in October, 1915.

2. First Sound Ranging Section.

To superintend the work of the first secti@md conduct initial experiments, Colonel Hedley secured the services of Lieut. (now Major) W. L. Bragg,
Liec. R.H.A., a young scientist with a considerable reputation. Lieut. Bragg arrived in France in August, 1915, wittaat) agsis. H. Robinson,
R.G.A., who was an expert mathematician, and two men (an electrician and an instrument maker). After a preliminatyevigio lfficers to a

Bull Section working on the French front, the first British Section arrived at the front on 18th Octoleilt t®hsisted of the above mentioned two
officers and two men, and its transport was a specially equipped lorry containing the apparatus, and two Singer ligkinggastatal, with drivers,

of two officers and six other ranks. A fortnight Lieut. Baet, R.G.A., was sent to the Section as Advanced Post Officer, and a lineman was lent to it
by a neighbouring Signal unit, Lieut. (now Captain) Bocquet is an electrical engineer who had himself made some origimahsxpeSound

Ranging while with r8 battery. His previous experience in the line was of great value when practical details of the establishment of a $egnd Rang
Section were, at a later date, being considered.

In allotting so small a personnel to the first Section the idea was thatth®e and maintenance of lines would be done by Corps Signals, so that
the personnel of the Section would only be concerned with the working of the apparatus at headquarters. This was, tnodvievbg fo
impracticable, on account of the delays involiredetting help from Signals whenever a line was cut. In spite of preliminary difficulties, the first
location was made by this Section on 2nd November, and by December the results were considered sufficiently promifsinedgusiation of
seven rore Sections, making in all two Sections for each of the four Armies then in the field.

3. Formation of Seven New Sections.

The establishment (No. 239, dated316) authorised for the new Sound Ranging Sections consisted of 3 officers and 18 o.mgrickefgeant, 1
instrument repairer, 1 photographer, 3 linemen, 2 telephonists, 3 forward observers, 3 batmen and 4 M.T. driversnapdrtheotraisted of 1
30cwt. lorry, with special body for apparatus, 1 15cwt. box car, and 1 light car. Tharwasfitted with a C.A.V. Dynamo, and the intention was
that the charging of accumulators for lighting the lorry and apparatus should be done from this car.

Sound Ranging Sections were now designated by letters starting from the end of the alphéibtteiidte Sections were called Z to R (omitting U),
the original Section being named W.

Of ficers for the new Sections received one weekO6s tscanpletadatghe at t h
Institut Marey, the QC. Section was sent to Paris to bring it up by road in its lorry. The new Sections were installed where they could éfiinost us
as there were not enough to cover the whole front. Survey was done by the Field Survey Company to which the Sectioarztloregedere

erected by Signals. Owing mainly to the time taken to put up the air lines, Sections took a long time to get into &eionfdinrweeks was about

the average period, from surveying the base to getting the first result, and in semi¢ r@sinto two or three months. This may be compared with
work at the end of the war when with larger bases and in much more difficult conditions Sections came into action limeevdayst

The new Sections started work in April, May and June, 1916 two southern Sections, R and 5, became involved in the battle of the Somme, and
were unable to do much work, though S succeeded in getting some locations before the battle.

Meanwhile progress was made on quieter fronts. At first a centagunt of incredulity, quite natural under the circumstances, prevented the results
obtained from exerting their proper influence. It happened at this time, however, that German Battery Positions orr fhentsiietre very
conspicuous, and the acceyaf the sound ranging locations was, therefore, readily checked.

It became apparent, too, that sound ranging was the only accurate method of location in times of bad visibility. Lezireswvead visits invited,
and by December; 1916, most CourBettery Staff Officers were convinced.

In June, 1916, the Tucker microphone was invented, and all Sections were equipped with it by September.

4. Increase of Sections and Establishment.

In August, 1916, it was decided to increase the number of Sectiordeinto provide a total at the rate of one per Corps; and at the same time
proposals were put forward for an increase of establishment, which was approved (with the new establishment for a fFieth$amg) in
December, 1916 (Nos. 407, dated16 and 501/42, dated-8-17).

This establishment comprised 3 Officers and 33 o.r., the tradesmen being 1 instrument repairer, 2 photographers, Gdlephw@ris, 2
computers, 1 carpenter, 1 cook, 10 forward observers, while the batmen, drivers spattramained as before. A change was, however, made in
the form of the 30cwt. lorry, which was no longer fitted with a special body. Experience showed that it was nearly abssgg/rtequt the
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apparatus in a dugout, and apart from that most offimeferred to get it out of the lorry and dispose it in more roomy quarters. It was, therefore,
decided to dispense with the special bodies, and have ordinary lorries for transport purposes only.

Training was carried out at Mt. Kemmel by W Section durirgdutumn of 1916, and in the winter of 196twenty Sections in all were in being.
The whole front was well covered, with the exception of the Somme area and the Ypres salient, in which two areas theidesasledlifficulty

in working. During thatvinter the weather for Sound Ranging was good, and all Sections obtained numerous results. For the first time Sound
Ranging took its proper place with other means of battery location, and it was found that in certain conditions it wees mmsttfruitéil source of
location.

At the same periadl late in 1916 the location of our own shell bursts for the purpose of ranging was begun.

5. Experimental Section, Salisbury Plain.

Up to the end of 1916 all experimental work had been done by W (the original)nSsdtimunt Kemmel. The Section had in August been given
extra personnel to enable it to do this work, but the difficulty of carrying out research so near the front was greahAtbest the Overseas

Artillery School was just being started in Englaadd it was considered advisable to have a Sound Ranging Section at the School to work with the
Atrtillery and convince them of the efficiency of Sound Ranging.

Consequently in November, 1916, Lieut. Tucker was sent to England with a nucleus of trainaddhike, Experimental Section on Salisbury Plain
was formed.

6. Experimental Section and Sound Ranging School, G.H.Q.

W Section, in addition to doing experimental work and the work of an ordinary Section on a front which was continuallygomcoenactie, had
trained the personnel of the first ~o Sections. It became impossible for it to continue this work, and m March, 191&ushef mncExperimental
Section, consisting of Lieut. Bragg with one officer and five men, was transferred to G.H.Q.fenmton of the Depot Field Survey Company in
the following month an establishment of four officers and twenty six other ranks, with a motorcar and boxcar, was im¢hidekfdion, but for
various reasons it did not actually join the Company ualyl. Between March and July the Section trained various officers and men and gradually
collected machines and staff for a workshop. In the winter of 1917 the Section moved with the Depot to Camgeméudirdes, and was given
proper accommodation fatassrooms and a workshop.

This Section had three different functions: (1) Experiments on apparatus and methods, (2) Upkeep of existing apparstractiahadf new (such
as automatic developers), (3) Instruction.

Though the Section remainedtote@ of t he war the fAExperi mental Section, 0 there w
Workshops portion and the School of Instruction, as each occupied the whole attention of a separate staff.

(a) Workshop.

(a) The workshop was in chargf a specially selected officer, Lieut. Cooke (of Princeton University), with a permanent staff of sixteen workmen, to
which could usually be added haldozen reinforcements working in the shop while waiting to be posted as instrument repairexditmaBBethe

end of 1917 the tools consisted of two screwcutting lathes, five small bench lathes, one milling and one drilling madathesMere driven

through shafting by a Blackstone engine, which also worked a dynamo, and together withgdeghsapplied the electric light for the Depot and
charged the accumulators required for the instruments. To the shop was attached a large test room in which ten SounstiRergitgycould be

set up together for testing.

The work of the shop was nmdy as follows &
(1) The testing of new apparatus and the carrying out of necessary alterations before sending it out to the Sections.
(2) The repair of apparatus and the supply of spare parts,
(3) The alteration and remodelling of the old Bull type instruments returned from Sections.

(4) The actual construction of quantities of a number of the smaller articles required by Sections, such as microplsoaedcheleights
and eyelets for plotting beds.

(5) The construction of plotting boards.

(6) In addition to Sound Ranging work, the workshop carried out the simple repairs to flash spotting instruments, oertaldiaging

flash and buzzer boards, observation of fire instruments, directorsared undertook such repairs as were possible to theodolites, besides
which there were always a number of experimental i ndSuweyment
Battalion activity.

(b) Sound Ranging School.

() The Sound Ranging School had a staff, from January jondn%Bk§erscalen wa i
was begun to provide for the many Sections being formed, and until May there were as a rule ten or iveztvaraffabout forty other ranks being
trained as computers, sound ranging operators and forward observers. In May the reduction in the number of Sectiohstrerdmiathg
unnecessary. Courses of instruction in fimobilityodo were also held

7. Formation of Sections for Overseas and new W.E.

In December, 1916, the W.O. ordered the formation of three extra Sections for service overseas, of which one was tandéietblaation of

these two Sections was delayed owing to extensions of owarlthéhe consequent extra requirements. In November, 1917, the W.O. ordered the
formation of another 12 Sections over and above those required for France. Consequently 34 Sections in all were fanoeedfnvhiah two (Q

and X) were sent to Salonikayd (N and V) to Egypt, and one (E) to Italy, leaving 29 Sections in France during the winter of 191718. This was the
maximum in existence on the Western Front at any one time.

The new Sections were formed on the new establishment included in that flar SUfieey Battalion, which was approved in August, 1917. This
establishment comprised four officers and thirty nine other ranks, the tradesmen being two instrument repairers, thepdetstdee linemen,
three switchboard operators, six computerg, carpenter and ten forward observers. The increase was not nearly so large as was required, but
unfortunately the situation did not permit of any greater numbers.

With 29 Sections available it was possible to have four or five Sections in reserve anithadle in the line to get an occasional much needed rest.

8. Final Establishment.

As in the case of the Observation Groups, a fAHi gher HmuotGarindnytsok me n
place, the personnel being faliby reducing the Sections left behind. This higher establishment shows, with the same reservations as to transport
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(which was limited to what was actually in possession at the time), practically what the final experience of the wandhmwecessatp make an
efficient Sound Ranging Section capable of action in both stationary and mobile warfare.

The fAHigher Establishmento was 4 officers and 63 ot h8&wmandb2anks. De

tradesmenincluding 6 computers, 8 sound ranging operators, 12 forward observers, 25 linemen and 1 carpenter. The transportovagiil&ord
light 4 seater car, 1 15cwt. boxcar and 1 30cwt. lorry.

Additions to the above which it is considered should be made farevard observers and twevheeled carts, making the total personnel (other
ranks) 68.
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Section 1.0 Technical.

1. Early History.
(a) Nordmannodés Experiments.

(a) The possibility of locating a gun from a record of the times at which its report reacived Vixed positions appears to have been discussed
many years ago in Austria, but no arrangements had, so far as is known, been made, prior to the outbreak of this emmbry fonythe practical
application of fAsound ranging. o

In the French Army>@eriments in sound ranging were commenced very soon after the war started. The first to give practical shape to the idea we
Professor Nordmann, of the Paris Observatory. He conceived the idea at the front, and obtained permission to go &pfeatieinl914, to
experiment. His first idea was to work on a measured base with three men, each with a stopwatch, who would recordhieesmstahteached

them. In case sufficient accuracy were not attained by this method he had foreseen the usplwmekand a graphic means of registration. As he
had no technical knowledge he consulted Mr. Lucien Bull-Binbctor of the Institut Marcy, as to the best means of doing this, having heard at the
Sorbonne that Bull had done work on sound registralisnBull is a British subject resident in Paris, and an expert in optics and mechanics.

(b) Co-operation with Bull.

(b) Bull thought over the problem and proposed the use of the string galvanometer. He also proposed that Nordmann shigubctpeakeers at
the Institut Marey, where he would have the advantage of Bull 6s

During the following month work was carried out in three schedes :

(1) Men with tapping keys, working electromagnetic markers, which registered orkadsoytinder side by side with a time marker.

(2) Microphones, with or without relays, registering in the same way.

(3) Experiments with the Einthoven galvanometer.

Experiments on the first scheme were c@redsdt dd perrsamalklay | byy hN art

Those on the second were conducted by Bocquet, Nor dnsaverearts assi st
i mmedi ately successful, but &od Thisikthemethod pdepted offitially by éhg Frdneh drmy, which émploy8 T
special microphones of the carbon granule type, and a recording apparatus in which styles register on smoked paper.

The third series of experiments were conducted by Bull. He tiisee carbon microphones of the long distance telephone type, fitted with
gramophone horns to increase their sensitivity. These were connected to three strings specially fitted to the largeHattboatem galvanometer.

(c) Test of Systems.

(c) Thefirst and third methods gave promise of ultimate success, and a base was mapped out consisting of three stationsftivbichntras on
the Institut Marcy, and having a total length of 4,500 metres. A test was arranged to take place on 17th Nowempezsence of three French
Generals, on two guns firing three rounds each at a point about 4,000 metres away. The meteorological data for coresstippbedeby the
Eiffel Tower.

The guns were successfully located to 20 metres for line ané#8sior range. The time intervals recorded by the tappers did not vary by more
than 1/20th second from those measured by the microphones. The French authorities were convinced that there was sommadhiaggimg, and
Nordmann was sent to the framith his tappers for work in the field. It is interesting to note that at about the same date (January, 1915) a Section
working with stopwatches was installed on the Arras front under Captain Bougier of the French Engineers, whilst a siomlgodeap its
position on our |l eft to the north of Ypres. |t is nobutikisceramthaivh et
both worked simultaneously at the problem of sound ranging with human observers, but with diffpeeatus, that used by Bougier being

improvised at the front.

(d) Development of Bull and T.M. Apparatus.

(d) Bull was asked to carry on with the galvanometer method, and he built a 5 string Einthoven galvanometer. The wiadenegsparade more
portalle, and a motor lorry was fitted up as a dark room with all the instruments inside. The microphones were made moreusd sibtezted
from the wind by placing them in large cones.

On 6th January, 1915, the Marey Institut outfit was sent to thedtdrracy le Mont, near Compiégne. It was in charge of Lieutenants Tans and
Ferre, of the 8 Section du Genie. Professor G. Weiss and his son, who had helped in the laboratory on the mathenfidtieaysitieg formed

part of the expedition. The apparas was at one period known as the Bull Weiss, but
details had been worked out by Bull.

The expedition remained at the front for a weadsofendmyrgunsweretolitamedywh o |
partly for this reason and partly owi ng -waw. Theghnebwaaersche soand madadkey the x i s
shell travelling through the air, and in the case of a high velocitytgsisaund travels in advance of the true sound of the gun discharge, and the
sound record gives a false position.

French batteries and the bursts of enemy shells were, however, located with great success, and the conclusion athaéthamiaephones
were not sufficiently sensitive. On his return Bull carried out a number of improvements, and in the spring sent ahspugtbod to the Service
Géographique, pointing out the advantages of the galvanometric method and advocatingftheempelar rectilinear base. Shortly afterwards the
Service Géographique ordered three sets of apparatus from the Institut Marcy.

At the same time thef&ection du Genie at St. Cloud, where Bocquet was working, carried on experiments with the misraptesmeoked paper
recorder, and ultimately developed the T.M. method.

It is interesting to note that both the Bull system (officially adopted by the British and American Armies) and the v (affisially adopted by
the French Army) originated intteex per i ment s carried out at Nordmannds instance at

(e) Other Systems In France.

(e) In the early part of 1915 a number of workers in France attacked the problem of sound ranging, with different medufais:, Mf the Ecole
Normaled evel oped a photographic recording system, with 5 osoikhkogra
microphone. This system he afterwards developed to a high pitch of excellence, employing an electromagnetic micropteattirepiapteur.

MM. Cotton and Weiss developed a system which worked on a different plan from all the others, and was used by onectf Armie®np to the

end of the war.
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This system depended on t he us e eitbefenddiabage bf B0 ymrdDdin lengtg and formed Ipartofa we r
Wheatstone bridge circuit. A flusneter was placed in the same position as the galvanometer in the Wheatstone bridge. When a soundwave reacht
one rupteur the circuit in that arm of thedge was broken and a current flowed through theriheter. This current ceased when the circuit was

broken by the arrival of the soundwave at the other rupteur. The reading of theeiexprovided a measure of the time interval between the arrival

of the sound at the two rupteurs and from this the direction of the source of sound could be calculated in the usuabystgnThias simple, easy

to install, and required little ire; on the other hand it gave no permanent record, and usually aosthershefivave and not the guwave. It was

not equal to the Bull, T.M. or Dufour systems, but it had points, and for certain purposes (possibly for trench moigatd)etuseful.

M. Claude designed the @Ort ho psioniaeto that used fonlocatiagraigceft(sen below, paragrapb 3 (d)a r t

In the British Army several investigators took up this problem independently, and proposed schemes for dealing witbfith&semenowever,
reached the practical stage, nor dity of them offer hope of competing successfully with the Bull method.

(f) Other Systems in England.

(f) In England the question also received, at a somewhat later date, entirely independent consideration. The experipevsdcametive, but

have sme historical interest. In the summer of 1916 Lieut. A. Anderson, in conjunction with Mr. Irwin, carried out a numberimiegxpeunder

the auspices of the Munitions Inventions Department, and produced an apparatus for sound ranging. This appdeatnsicnaphones based on
the rupteur principle, having a rubber diaphragm, a recorder consisting of a modified Brown telephone receiver on whitlir@smas mounted,
and a cinematographic camera which received on its film a spot of light reflemtethe mirror. Results were computed by a special method which
is described in paragraph.

G.H.Q. France was notified of the production of this apparatus, and, it being considered that the recorder offeredsdistilitet s it was proposed
that itshould be tried in the field. Lieut. Anderson came to France later, and, having seen the Bull apparatus, did not press &drhis own,

being apparently satisfied that it could not compete. The Andénsomapparatus was thus never used in tblelf The thief lesson to be learnt from
these experiments is the futility of attempting to perfect an apparatus without studying the practical conditions undevilvhale to work. The
apparatus included some good points, but all the experimelBtgyland were carried out at short range and under peculiarly favourable conditions,
and when Lieut. Anderson reached France he did not even know of the existence of one of the prime difficulties of stynthrastyi, the shell
wave.

2. Preliminary Experience with Bull Apparatus.

On the arrival of Lieuts. Bragg and Robinson in France, these two officers were sent to a Bull Section on the Frentdtefirgdes to get
experience. At this time (September, 1915) this Section was getting practicaedisufis, owing to the type of microphone used. This was an ordinary
telephonic microphone (Paif&ouen model), to the carbon diaphragm of which a light paper horn had been gummed in order to increase the
sensitivity. This microphone was much more sensttivine sheliwave than to the gun report; in fact, it recorded the latter only in exceptional
circumstances. It was sensitive to all ordinary noises, such as speech and rifle shots, and was easily affected hthehairdtter of the record

was thesame for every type of sound recorded, being made by a continuous vibration of the galvanometer string. This madficitilvéoyreid

the records.

In quiet conditions a howitzer could be recorded and its position fixed satisfactorily. In the aapmothe shellvave alone was recorded, and
fiflcausticso were used to wor k-wawte,i ti:nsgesidt iodn .0 melted i m@gr mal a tpwi tnh
fifcaustico in certain optiteminsoan meging. ne catiskcs forlGerman guns were calcidated mathentaticallys
from their range tables, when these were available, which was only the case with the more common types. By fittingitsetethatiatersections

in the board, the guposition could be found. The method was very uncertain. The shape of the caustic varies with the type of the gunngih the ra
and with the muzzle velocity of the shell. The position of the gun had always to be found by a series of approximaticsmmi Isuccess, however,

as in those days few types of guns were used by the Germans.

Locations were plotted on a board on the scale of 1/20,000. The microphone bases and right bisectors were drawn omlisHsoang)les which
the asymptotes madattvthe right bisectors were calculated by logarithm tables for each time interval. These asymptotes were then rulesl out on t
board by using a large protractor.

The Section had six microphones wired to headquarters by cable, which was supportedand fpests. The country in which it was operating was
very mountainous, and it was necessary to place the microphones on the summits of convenient peaks, so that the fraseregs|dar

This was the state of Sound Ranging in September, 1915, whisokvié over from the French. It showed promise, but it could not be claimed that it
had yet given results of any real value.

3. Early Experiences on the British Front.
(a) First Section.

(a) The first Sound Ranging Section was installed on a base bebig@busch and Mont Kemmel. The intention had been to have a 5,500 yard
base, but as the Section was dependent on the Signal Service for the erection and maintenance of its lines, andares8igddfectity in
keeping up the lines for the greatength, it had to be cut down to 3,000 yards.

Apart from the handicap of this extremely short base, which made it difficult to obtain good intersections, this Sechidradiio experiment with

a view to improving methods, and at the same time procauétseo justify its existence, experienced every kind of difficulty. The standard of
accuracy required in fixing the microphone positions was not realised, and there were large errors, locations dependsdeonthef ficau st i
corrections for wind antemperature were rough, and the personnel was absurdly inadequate.

Locations made at that time were limited to indicating thesgulare of the map from which the gun was firing. Nevertheless, guns were located
which had previously been unknown, or onlgected, and, as already stated, results were considered sufficiently promising to justify the formation
of new Sections.

(b) Early Sections.

(b) The seven new Sections formed in the spring of 1916 encountered the same difficulties due to the unstiiaitees and the shellave, but
they were able to profit by experience in having their bases lengthened to 56,000 yards. The front at that time wasagecpmpared with 1917
or 1918, and it was possible, except during a battle, to maintain ésewith the limited personnel. With these conditions howitzers were located
with considerable accuracy, and even field batteries were fixed to 100 or 200 yards by means of the caustics.

(c) Stopwatch Method.

(c) While sound ranging was being developed on the above lines, certain experiments were made with other methods. Meationguesof the
French fistopwatchod section, which was establ i s ladesudtsaand hadcreatedh9 15
belief in the possibilities of sound ranging which stood the new British Sections at the South end of the line in gdde $tezach personnel was
excellently trained and the officers shrewd, knowledgeable men, who wtegibaove drawing bold (and generally justifiable) conclusions on scanty
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evidence. An attempt was made in the Third Army to raise similar Sections to fill the gaps between our microphone Seetipasehce showed
that long training and practice arecassary before any reliable results can be obtained by this method, and the BritigatstoSections came to
nothing, being, moreover, soon rendered unnecessary by the increase of the regular Sections.

(d) Orthophone.

(d) Another device which was beinged on the French franthe Claude Orthophodewas tri ed. |t may be noted t
which was sent from England for trial, was merely a copy of the Claude, being constructed from reports and descrigtiatteoiittrument. The

device consists of two edarumpets fixed, 10 feet apart, to either end of the horizontal member of an iron T made of gas pipe, which is supported sc
that it can be rotated round its central vertical axis. The base of the T is in a dugout, and is prtivideduwei and pointer the top projects through

the roof. Two tubes lead from the ¢armpets down the gas pipe to a stethoscope headpiece, which is worn by the observer. By rotating the whole
until the sound appear s f{eguakintensityiinneach eag the appboxiroate,direction ofcthe koeind caw berobtained, This
instrument was soon given up by both the French and by ourselves. Thearelhtroduces insuperable difficulties in locating guns (though not
howitzers) by thisnethod, and the results obtained suffer much in comparison with those obtained by our regular system. The Germans continuec
however, to use an instrument of this description, and appear to have been satisfied with the locations so obtained.

(e) Research.

(e) While personnel was being trained and new Sections formed, the officers of W Section, with some later arrivals whedNeraesearch,
were constantly considering the various problems which had to be solved, and the improvementsvakiokdessary to make, in order to put
sound ranging on a satisfactory footing. Of these questions the most pressing was that of the microphone. Early in Bdagd-s=itto work, with
the aid of Lieut. Tucker, to attack the problem, and in Juris,19eut. Tucker invented the microphone which afterwards bore his name.

With the solution of the microphone problem it was possible to devote attention to other faults of the system, andifremathismber of
improvements were introduced whose cameli influence greatly increased the efficiency of the Sections. It will be convenient to follow the
development of improvements in each particular line independently, though actually they took place to a large degreglyanclimenany cases
were inerdependent.

4. The Tucker Microphone.

The faults of the existing type of microphone were, of course, obvious, and experiments were being made with variaussoffiee fme which
experiment should take was indicated by the results which a Frenclk phgsit , Professor Esclangon, had obt :
firing of large guns by means of an instrument similar to an aneroid barometer, and discovered thatvtheeshelisisted of very rapid oscillations

of pressure of no great amplite, whereas the gun report was a long wave, with which large changes of pressure were associated. The ideal
microphone was one which would respond well to the long waves while ignoring the short ones.

In the Tucker microphone an airtight container, of32ditres capacity, has a small window pierced in it. Across this window is stretched a fine
platinum wire, which is heated to red heat by an electric current. When the sound wave reaches the microphone théeliffesmtee pressure
inside and outsidthe container causes a current of air to pass through the window, and this cools the platinum wire, thus causingégaesistan
decrease. The wire is in one arm of a Wheatstone bridge, or some similar electrical arrangement, and the change iofrémstarecallows a
current to flow through the corresponding string of the Einthoven galvanometer.

The free period of the Tucker microphone of the type usually employed is about 1/15th second, so that it gives a maginsertorespnds whose
frequerty is of the order of 15 a second. Sounds of high frequency, such as speech or noises of traffic, do not affectiteatallrifi@ shots have
no effect when at a distance of more than a hundred yards; yet it will respond well to guns whichyaemitidnlél It has another great advantage in
that it responds to the same kind of sound in the same way, a property not possessed by microphones of the contétet typeodadce of which,
as giving an indication of the kind of gun firing, is obvioliss also well damped, and records clearly and distinctly sounds which arrive within a
very short interval of each other. While not ignoring the shalle, it responds less to it than the guawve, and owing to the good damping
differentiates betweeiméem. At first considerable trouble was experienced in shielding it from the wind, but this was overcome by erecting
brushwood or camouflage screens around the emplacement.

The new microphone was an immediate success. Its manufacture in quantity wakendsgrtae General Post Office, and by September, 19186, all
Sections were equipped with it. From the date of its introduction Sound Ranging may be said to rank as an exact method locati

5. Wind and Temperature Corrections.
(a) Early Methods.

(a) After he microphone the first question to be considered was that of corrections for wind and temperature. It was arrandddttmbtbgical
Section (usually known by its telegraphic addr easdurifighhe tag o allilB)R. s hou
Sections. The corrections were applied with more care, and greatly improved the accuracy of results. It was realistethatfthvind and

temperature was still uncertain, but empirical rules for calculating theiteffere devised, and these were a great improvement on the older
methods.

(b) Wind Sections.

(b) The Experimental Section on Salisbury Plain, which was started at the end of 1916, made various experiments ornitgodetémind and
temperature corréeci ons, and as a result, mainly of the able investigation
Sectionsd along the front.

A Wind Section is a S.R. Section which has a series of microphone bases established on concentriessefidferent radius, such as 5,000,

7,000 and 9,000 yards. By exploding a bomb at a central point the rate at which the sound spreads from this point caedoie médsections in
which the sound from an enemy gun is likely to travel. It amticipated that the results obtained by one Wind Section would apply over a fairly wide
area, and the intention was to establish about four of these Sections in rear of the British front.

The results obtained by the first Wind Section greatly improveddberacy of the neighbouring Sections, and showed that corrections based on
ground wind and temperature were very misleading, especially at night. Other Wind Sections were installed with sirsil&orespléeriod of

several months the results obtaifgathe Wind Sections in each Army were compared with those furnished by Meteor in the same Army, and a larg
quantity of comparative data was thus obtained.

The Wind Section improved Sound Ranging locations immensely, but they had one great drawbaskrdsyw and costly to install and very
immobile. The area covered by an installation is about 35 square miles, and about 48,000 yards of airline have to Gerevegteshtly when
movement began in 1918 it was out of the question-&stablish WindSections that had been put out of action.

By this time, however, the mass of information that had been obtained made it possible to establish reliable ruleginy thetieffective wind and
temperature from the data furnished by Meteor.
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Hence, thoughVind Sections were employed for about six months only, and are not likely to be formed for use in active service agaitts thetr
they obtained during that period are invaluable. These results consisted briefly in the establishment of ththéaeffdwive wind and temperature
for sound ranging are those between the altitudes of 250 feet and 500 feet, and in providing valuable information ebavibtired the sound
wave.

(c) Final Methods.

(c) When Wind Sections were abandoned a saanging officer and six men were attached to Meteor in each Army. Observations were taken
periodically, and from these the effective wind and temperature were deduced and data were sent to the Sections evelgpimuneby he scheme
worked very satisfaorily and gave good accuracy of location. Sound Ranging personnel was used for this purpose because the existingfMeteor S
could not cope with the extra work.

6. Regular Base.

The advantage of having a regular base had been foreseen by Mr. Bull,opbseut it to the Service Géographique in 1915. A regular straight base
was adopted by X Section (Capt. Lloyd Owen) in front of Armentiéres in July, 1916. In November, 1916, W Section tried cinedai liase, the
microphones being spaced at equativals on the arc of a circle of 8,000 yards radius, which had its centre in the region of the German batteries.
The advantage was at once apparent, and all Sections were thereafter urged to use regular circular bases. The etesitt diostsiderale

opposition, due in part, no doubt, to misapprehension as to the effect of local conditions on the microphones. It wis Swmugtttme that small

local irregularities, such as houses, banks and woods, would affect the microphones, and thaergideatb a regular base might consequently
entail disadvantages due to bad position. Experience proved, however, that this objectiofouradel. In the first place it was nearly always
possible to select a regular base so that all microphones w#nglaced; in the second it was found that small local irregularities had little effect on
the microphone.

The difficulty of fitting a regular base to the terrain is, in fact, far more apparent than real. In operations in tredflafté©18 most offte Sections
installed from six to twelve bases each. In nearly all cases a base with 4 séxasesabd 35 secs. radius was chosen, and the occasions when
difficulty was found in making the microphones fall in suitable places were very few. Seeirtgstmattinecessary to adhere to this particular form
of the regular base, it may be said that in open country, with no variations in height greater than 200 or 300 feehaseeguddways possible.

The advantage of a regular base is that the baakise film fall on a regular curve, and that it is consequently much easier to read the film and to
pick out a gun record from a number of other sounds. This advantage is enhanced when a Section moves. A computer maelienaesding a
particularirregular base, but when he moves to another irregular one he has to relearn the characteristic appearance of thefrgum vadords
directions. With a regular base a man accustomed to reading films on one can read them with equal ease orf amyilathfarm. Another
advantage is that plotting boards can be standardised, and the time required to prepare a new board thereby savedidDptotgrigdoards for

the normal type of base were printed instead of being drawn by hand, and wenétluggdat success by the Sections.

By April, 1917, all Sections had adopted the regular base, and thereafter never used an irregular one if it was passliitieTioeacircular form
was almost invariably adopted.

7. Methods of Plotting.

(a) Asymptoe.

(a) The method of plotting locations found by experience to be best was that of using weighted threads to represeribthe astmerhyperbola.

In the early days cotton or silk threads were used, attached to pins at the midpoints cbteesbht these threads were too coarse, and were apt to
stick together. Copper wire was tried, but broke too easily. Finally fine gut was used, and proved quite satisfactdrthrEadgwere passed

through holes at the centre points of the-Babes (thedies having previously been fitted with smooth metal sockets), and were kept taut by a small
weight below the board and kept in place by rukdméed weights on the board. Each-$ase was given a colour, and the time scales and weights
were coloured acedingly. A table of corrections was used to allow for the difference between the asymptotes and the hyperbolae, bugaitywas us
only necessary to apply this for the location of bursts nearer than 1,500 yards.

(b) Hyperbola.
(b) Two other methodahich were used or tried may be mentioned.

In the first the hyperbole themselves are plotted on the board. For eashssul family of hyperbola is drawn, at time intervals differing usually by
1/10th of a second. The intersection is obtained by intatipglby estimation between hyperbolae drawn on the board. This method appears to have
been used by the Germans, and was employed by one of our Field Survey Battalions. It is, however, greatly inferionjadbe msghod for

several reasons. Five fdias of hyperbolae drawn on one board are very confusing to the eye, even if drawn in different colours; it takes much lon
to interpolate between two hyperbola than to lay a thread across a given scale division, and errors of interpolatiericarediabA hyperbola

board takes a very long time to draw, and the labour required is out of all proportion to the results obtained.

(c) Andersonbs Circles.

(c) The second method is that proposed by Lieut. Anderson and mentioned in paragraph 1. Indtitheeticrophone positions are plotted on a
large scale, usually 1/5,000. Suppose that when a record is obtained, No. 1 microphone is the first to get the sotst athehich No. 1

receives it is taken as the origin of time, and time circlesranerdround the other microphones. Each time circle has a radius representing the
distance travelled by sound in the interval between the record of its microphone and that of No. 1. If now a circlevdeichidauches all these

time circles and passegdlgh No. |, its centre will be at the origin of the sound. Lieut. Anderson had sets of circles etched on sheets sbplate gla
on a scale of 1/5,000, and at intervals of 20 metres radius. The glass sheet was placed on the plotting board, amtebytratacle was found
which touched the time circles and passed through No. 1. Its radius then gave the distance of the gun from various snithepactual position

was found by calculating, from the side lengths thus obtained, and the basettfegthngle formed by the two flank microphones and the gun
position.

This method was at first thought to possess various advantages, and it is certainly sound from the scientific poititteisjibdawever, the serious
practical disadvantage thateintails the carriage of a number of heavy glass plates, which have to be packed in a special case. These plates were
inconvenient size for the bases used in 1916, and for the long modem bases of 8,000 yards or more they. would beceumedygaitelumsuitable

for use in the field. Experience, moreover, showed that the method is much slower than the asymptote system, andtitalt avprdages ensue.

The circle method was therefore never used in the field, except for the special caaéraf dbshell burst nearly in the line of the microphones. In

this case it was usual to draw circles on tracing paper, but a small circle plate might well be carried for this purpose.

8. Ranging.
As in the case of visual observation, ranging of our owrs gorms an obvious corollary to gun fixing, since, if the shell burst be sufficiently loud, its
position can be fixed as well as that of a gun. Ranging of our own suns was therefore frequently carried out with success.

Location of the shell burstwasbegurat e i n 1916. The subject was studied and devel org
degree of efficiency.
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Observation for ranging by sound can be done in two ways
(a) By ranging on the mapthe direct method.
(b) By ranging ora battery which has just firédthe differential method.

(a) Direct Method (Map).

(a) Ranging on a mapoint consists in determining the position of the shell burst and reporting it in the usual terms to the battery. Sagnd rangi
not very suitable foris method, because it is seldom that conditions are so good that a perfect intersection is obtained. The naturesetttos inte
is sufficiently accurate for gun fixing, and in any case can f or that purpose be repeated and a mean obtainexingu &irdilburst reliance has

to be placed on a single intersection, and this in general is not sufficiently accurate for the purposes of ranging.

Ranging on the map was therefore resorted to only when visual ranging was impossible amdrggingaonitions good.

This combination of circumstances usually occurred in foggy weather, and not infrequently at night, and on these ongasidmg saund on the
map was sometimes carried out with success.

As in the case of visual observation, a great gfali@problem was to get the results out quickly. For this various forms of graph were used.

(b) Differential Method.

(b) If fire be opened on an enemy battery which has just fired, and a-sngidg record be taken of both enemy guns anbuhsts of our own

shell, the two records will be subject to practically identical atmospheric conditions. Errors due to these conditimrefwit ttancel out, and all

that is necessary is to determine the difference between the shell record andrdeogi) expressed in the usual terms of yards and minutes from
the target, and correct lire accordingly. It is evidently unnecessary in this method to know exactly where the eneiisy ibatnbe one that has
never fired bef oneteodoffmgingby $odnd is €orsiderably moaelaccurate than the other, and was frequently employed with
great effect.

To enable the relative positions of shell and target to be determined quickly from their records, a special form of gesggnedsy Major Bragg,
and it was later developed by him in a mechanical form.

Many cases occurred when ranging by this method was carried out most successfully. On one occasion, opposite Bethun@jra Bamiteer
which had been brought close up to the lim a fog was stopped after the second round and compelled to move. On another occasion, on the Ypres
front, in July, 1918, a direct hit was obtained after the third round.

(c) Long Distance Ranging.

(c) Sound Ranging Sections using our usual lengths# bannot as a rule locate sHmiksts accurately at a greater distance than about 12,000 yards
(i.e., about 9,000 yards from the front), on account of the combined effect of acute intersection and the greater pemesdapéhat range. A
Sectonan, however, fix direction or fAlined with suffici ehmstwayavihc ur ac
great effect. Three Sections gave filineo f or t heintersactiohofthélinesur r ou
combined with some rays obtained by two Observation Groups, was used as the location. This ranging, at a distanceacd 26 @dGlye front

line, was eminently successful.

(d) Ranging for Calibration.

(d) Another form of anging was done for purposes of calibration. Senamdjing results are always less accurate in range than in director (or line).
Hence ranging by sound for the purpose of calibration was, as a rule, impracticable if the guns were firing directlyrahap@andanging base.

But if it could be arranged that the guns fired across the front of the-sangitig base, calibration could be done with good effect, for in this case
the direction of the sheburst, which could be determined accurately by saanding, gave a line at approximately rigimgles to the line of fire,

and hence fixed the range from gun to shalist with sufficient accuracy. Calibration was thus done on many occasions, but sound ranging is not
really suitable for this class of wigrand the method did not develop, as it would not compete in accuracy with the work of the Observation Groups
and with Screen Calibration.

9. Determination of Calibre.

A very strong point of sound ranging is the accuracy and certainty with which the adlihe gun or howitzer can be determined. Generally
speaking this can be obtained from the time of flight between the discharge of the gun and the explosion of the sketlpdlséien of each and
the time interval having been determined by soamgjing.

It has been mentioned that a great advantage of the Tucker microphone is that it as a rule responds to the samesmuaduaytlaad so produces
fificharacteristic breakso on the fil m. Th eft boatairer irawhich the mizrephood s fixet. & s e
was hoped to design a container which would make the breaks so distinctive that it would be possible to determineofrengajureor howitzer
recorded, and careful experiments were made on 8gfighain with this end in view. A distinct relation was established between certain types of
break and certain calibres, but so far it has not been found possible to do more than determine broadly from the hrekssooivhednance the

gun or howiter belongs.

Sound ranging is, however, from the other evidence which it provides, the most reliable source of information on theeradireguns.

10. Recording Apparatus.
(a) Bull.

(a) The recording apparatus used by the British Army owekettgin entirely to Mr. Bull. It includes an Einthoven-stking galvanometer, a lantern,
time wheel with tuning fork, a cinema lantern, and various relays and resistances.

Each string of the galvanometer is connected to a microphone. When a sound wlaee agaicrophone the electrical balance is upset in the manner
already described in paragraph 4, and a current passes through the corresponding wire in the galvanometer, andhtbugiatsemie. The
shadows of the six wires are thrown by thedam on to a cinema film, and so long as the wires are stationary these shadows are reproduced on the
moving film as a straight line. When a wire moves its shadow is broken or sharply displaced. The time wheel revolvingf théréantern, and
controled in rate by the tuning fork, produces on the film a series of cross lines, which represent time intervals. The fitwmidessapcomplete

record of the time at which any sound wave reaches each microphone.

In order to read the film it has to be deod. In the earliest form of apparatus a dark room, adjoining the instrument room, was provided for this
purpose in the special lorry. The camera was fixed close to the wall and the film was passed into the dark room thrbpigioadimpr.

In the autmn of 1917 and afterwards, bromide paper was used instead of film. It proved equally good for practical purposegint@otoless
develop, and cost about ehalf the price of film.
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The photographic record, though practically perfect for the purposesofate record and measurement, has the disadvantage that time is required
for developing. From an early date efforts were made to reduce this time as much as possible. Experiments were tiieasvkitndeanf developer

at varying temperatures, and.this matter Captain Field, then O.C. Printing Company, did good work; and the actual process of developing was
reduced to a matter of a few seconds. There was still, however, the delay due to cutting off the film and putting biaithtoathe to gedver this an
automatic developer was designed, which will be described later.

The apparatus for the first twenty Sections, with aMaraymbfiestritwasf s p
designed to go in the spatlorry, but when this was abolished it was carried in a case, and erected on a strong baseboard when required for actio

(b) C.S.I. Company.

(b) Partly in order to be independent of foreign manufacture, and partly to quicken production, the catiardetd was given to the Cambridge
Scientific Instrument Company. The Company was provided with complete working drawings and Mr. Bull visited them befexgatiney
manufacture. The Cambridge Company spared no pains in the construction of the appdrmitusduced various slight modifications in the design,
some of which were undoubtedly improvements in the direction of making it more robust; but it must be admitted, injusteeélence of the
design and workmanship of the original apparatasle in Paris, that none made at any later date lasted better or gave less trouble in the field.

(c) Automatic Developing Apparatus.

(c) The idea of an automatic arrangement for developing the film originated with M. Dufour. It was taken up by us,ratus apptoe lines

suggested was constructed, with various modifications, in the S.R. workshop. It was found impracticable to develop &tinalytdmt bromide
paper solved the difficulty, as its development is so much more rapid. The automatipeewels introduced towards the end of 1917, and nearly all
the Sections used it during 1918.

In this apparatus the paper is passed direct from the camera through the necessary baths and appears developed aniddinecheith in its
movement.

At fir st the apparatus gave a great deal of trouble, and to the end of the war it was not wholly satisfactory; but there thatcatdtommatic
development is a necessity, as development by hand cannot keep pace with a rush of records on a busy @aghanid themno great difficulty in
overcoming the mechanical troubles and developing a satisfactory type.

11. Conferences and Technical Papers.

Sound ranging being a highly technical service in which new methods were constantly being proposed, itgedstlaatasound ranging officers
should meet periodically to confer and discuss technical questions. The first of these conferences was held by officelmgdections in

January, 1917, at Armentiéres. They were held at regular intervals after that,aalater period officers commanding Field Survey Battalions made
a practice of attending.

These conferences were of great value in increasing the efficiency of the Sections. The officers had an opportunisjnof disong themselves
the results thehad obtained and the devices they had found useful. Since the science of sound ranging was of such recent develegtita, all
had been working more or less in the dark, and knew little of what other Sections had achieved. The immediate effeaferfaices was to
stimulate competition.

Another means of disseminating information was the publication of technical papers. These latterly took two forms:
(1) Technical papers, written by officers or men, and which contained proposals, discussiengicesms on any technical subjects.

(2) Sound ranging circulars, which were issued by G.H.Q. and contained definite instructions, laid down principles &, gumdan
issued orders.

Technical papers previously issued often formed the subject ofdisawat the ensuing Conference.

12. Work and Equipment of a Sound Ranging Section.

A Sound Ranging Section at the end of the war was installed with a base at least 8,000 yards in length, at a distaB@906fter&000 yards from
the front line; thats to say, just behind the area where our active field batteries were placed. The bases were nearly always arc$ 86 ceces o
radius (i.e., the distance traversed by sound in 35 seconds, or about 11,800 metres), with microphones equall44saosd iaterval. S.Il cable
was used, laid on the ground or in trenches.

The situation of the advanced posts, from which the forward observer set the apparatus in motion, had to be suchethaitt avguidrreach them
at least 2 seconds before relaghthe nearest microphone. This meant about 1,000 yards in front of the base if two posts were used, or more if ther
was only one post.

Headquarters were placed as near as possible to the centre of the base, but as the accommodation for an apmanaustirpnoom, 4 officers
and about 60 men was not always easy to find, it was often necessary to locate them at some little distance. Occasicedllyesdiquarters were
established near the base, with rear headquarters for transport and merrevtestireg.

Forward observers were equipped with maps, good field glasses, awdastopc hes. An i mportant part of the
the connection between a gun that was firing and the area that was being shelled, and ise@sety, necessary for him to be able to examine
the country in rear.

There were 10 forward observers in a Section, and if, as was usually the case, there were two posts, this number vgasatdneattmw for the
necessary reliefs, cookinggsualties, etc.

At the headquarters there was, besides the smnging apparatus and plotting board already described, a petrol electric set for charging
accumulators, a full equipment of drawing instruments, and the usual equipment for linemenrging sehadopted as standard was constructed
by the Austin Motor Co., Ltd. The engine was a 1% h.p. single cylinder, and the dynamo gave 700 watts.

The normal average consumption of paper or film for recording purposes was, per Section, about A05@I30 deet, a month; say 500 feet a day.

A section required about 30 miles of cable for its installation. Metallic circuits were always used. An attempt was ssaeartb teturns, but it was
found that this could not be done with our apparatus withmroducing various troubles, so that this method was not continued.

When stationary the work of a Section consisted of locating batteries, observing for ranging or calibration, patrafiesy #eeping apparatus in

order, making reports, etc. Astémate was always given of the accuracy of a location, in the same way as has been described in the case of flash
spotting locations, by classifying it as P, Q, or R (within 50, 100, or 150, later increased to 200 yds.). This, as exQlaapdr 1. implied a

reasonable guarantee that the location was within the limits of error indicated.
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The O.C had the general controlling and administrative work to do; one officer was usually in charge of the instrumenendtied Post Officer
superintended theork of the forward observers and linemen.

13. Sound Ranging Sections in Battle.

The experiences of the Sound Ranging Sections in the earlier days were limited mainly to overcoming technical diffideltiesranthe work of a
Section in fixing gun psitions. It was not until the front became more active that the real difficulties of working a Section were realised.

(a) Somme Battle.

(a) Of the first eight Sections formed, S Section alone was installed in time to be of use in the Somme batttgicfhipSiato action three weeks
before the offensive began, and located a number of batteries. R Section, the only other in this area, got into astidulgftand the noise of the
battle prevented all work. S Section made several attemptsitt@ettion during the autumn of 1916, when the Somme fighting was still going on.
The upkeep of the lines was immensely difficult, because the strength of the Section was so small, but a number ofdsaatimised.

(b) Arras and Messines Battles.

(b) In the Arras and Messines battles the organisation of the Sound Ranging Sections was severely tested. So far g dangloped entirely
on trench warfare lines. The installation of a Section was very slow, and it was not considered dakiessikehree weeks to come into action.
Methods were in vogue that were quite unsuitable for active operations; for example, it was the custom to use airlniesaphtbees. Airline has

a low resistance, good insulation, and is not meddled witith®r units; but it takes a long time to erect, and it is very vulnerable. It was obviously
out of the question in a battle. The experience of the Arras and Messines operations showed that the only method \staold egalitist the

shellfire and the #ffic of a battle was to use cable lying on the ground, and also that a Section must be prepared to lay its own ligeal The Si
Service are too busy in an action, and if a Section depends on them for laying lines delay is bound to ensue. Fora$enshm&estions were

very slow in getting installed on the new line after the German retreat to the Hindenburg Line in 1916.

The lessons of these battles were thus that a S.R. Section must use cable laid on the ground; that such cable caidilypéyaitegmen of the
Section, and that it was quite possible to maintain it. Enquiries were, consequently, made for a cable of good insldatioss#sidnce, and in

April, 1917, a supply of S.II cable was allotted by the Signal Service for soundgaiyim resistance of this cable is about 20 ohms a mile, and its
insulation is good. It was used until the end of the war and was excellent in every way.

(c) Third Battle of Ypres.

(c) Attempts to do sound ranging during the battle for the PasschenddgéeviRire an absolute failure, partly owing to inexperience, but mainly to
adverse conditions.

The Section operating just north of Ypres had only come into action a few weeks before the attack, and so had notvargagheofitbcal

knowledge. The windbr three months was steadily in the west, the ground was covered with shell holes full of water and crossed in &l loyrection
traffic, all lines were under heavy fire and it was exceedingly hard to find headquarters. In addition to this the iffiealgsivds found in

surveying bases owing to the destruction of all trig, points. The experiences of the Passchendaele battle did a gisareéilthe capabilities of
sound ranging in a battle.

14. Sound Ranging Sections in Mobile Warfare.

The dstinction between the operation of S.R. Sections in the battles mentioned above anehiolsiggndr mobile warfare may not appear to be
clearly marked, but there is a difference. Until 1918 attacks were confined in area. It was possible to contémbsteSections that were engaged
and supplement them; and as a rule all that was asked of them was establishment in a new position where they wermékefptsome time.

But the moment that movement became more or less rapid and generalatiméithat the S.R. Section that was not-eetftained and mobile could
not be considered completely efficient, whether it was merely a matter of moving, as in a retreat, or a question oftalengpagition.

The question of mobility was studied oretbouthern part of our front with great care

after the experiences of the Somme battle. Arrangements in the 4th F.S.B., made on the Corps principle, failed onladcodittasfsport and of
indifference or negligence on the part of Corps. Those ifr3d., made on the Army principle, failed because the Army command would not allow
an immediate advance after an attack.

These arrangements were however gradually improved until at the battle of Cambrai (November, 1917) they were allowiatige pater higher
command. This was the first occasion on which real mobility was attained by a S.R. Section. H. Section (Capt. Ashg, @St 3hen got into
action 56 hours after zero, in country which had previously been in the hands of the enemy.

G.H.Q. began to intervene in the matter early in 1918, and the mobility subsequently displayed is largely due to the traihiligmethods given
at the courses held for that purpose. Special mention should also be made of the 5th F.S.B., whoepfilmaltoftensive of 8th August made
complete dispositions for following up the attack, and carried them out with great ability.

The following remarks deal with the period when movement became more or less general, and practically all Sectiongetdere affec

(a) Retreat In 1918.

(a) In the German attack in 1918 the retreat of the Fifth Army was too fast and continuous to offer any possibilitg aftgedittion after leaving

the Bases which had been occupied. All important instruments and documengetremay safely, and little information of any value was left to fall
into German hands, but a good many stores had to be abandoned. Together with the Observation Groups, Sections forengble garisi€
AfCareyod6s Forceo i n rddsevenetcasoafiesAmi ens, and suffe

In the Third Army area, where movement was less rapids Sections were withdrawn during the German offensive, but caomeaigtiredirectly
the line steadied.

In the interval, Sections from both Armies were sent back to G.H@gtteinforcements and fresh equipment, and the same thing happened later in
the case of the northern Armies.

There were no particular tactical lessons to be gathered from these operations, but it was easy to see that Sectiazsrianjlieermanytsres
and had gone in for far too many figadgets, 0 which caused confusi

It was partly due to having learnt the above lesson and partly to the presence of reserve Sections that moves wersuoladdfisiémcy on the
Ypres Salient during the German offensive of April. In one case a Section was only out of action for 5 hours, whildiatkftiagls 7,000 yards
from a forward position to a base which had been prepared and wired up for it lrelimother case a Section was in action till 12 noon when it
received orders to reel up wire and return to a reserve position. At 4.30 p.m., the Section reported all ready andtpaakeddoin a third case a
Section was again in action in less tid@nhours.
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(b) Final Advance.

(b) By the time that our counteffensive started a great deal of experience in various degrees of movement had been gathered. Prior to the beginr
of the attack, however, opinions varied as to whether sound ranging eoc#diried out in such times or whether it would not be wiser to park
Sections in rear and send them forward only when the enemy had prepared a stubborn resistance on a well entrencloee $iten Wees

complicated by the transfer of tactical contmthe. G.O.C., R.A. of the Army, which resulted in many different opinions.

These divergences of thought led to three solutions, which were tried at various times, but which may be condemned at once:
(1) To call in all Sections and park them in a centate.

To do this implies long and unnecessary marches, both in the concentration and in the getting into action again, and offers n
corresponding advantages.

(ii) To leave Sound Ranging Sections behind and to move them up after the line had stiffened.

This means delay again, By the time Sections had got into action movement was probably just commencing, and the valuab
information which might have been got in the first day or two was lost.

(iii) To use part of the personnel of one Section to reinforoghan Section or Group.
It was found that a Section once split up loses its identity and suffers much when it is reassembled.
In the final advance the experience was as foll@ws :

In the northern half of the front the consecutive large German withdraveale sound ranging next to impossible. It was difficult to get up even the
bulk of heavy artillery quickly, and there was insufficient transport to tackle the movement of Sound Ranging Sectsmmseuniite after the line
had steadied. Some sections igéd action very quickly and efficiently, however, when they eventually received permission to advance.

At the South end of the line conditions were more interesting and provided more useful lessons. The experience offtabvdtths was
confirmed,and it was proved that Sections could be in action 48 hours or less after receiving orders to move, and that, like tteeGerapeal
tactical units capable of accompanying the movements of any large Army, and able to come into action whenevbattennwvork is called for.
The above is only true, however, whén:

(1) The officer in immediate tactical control (in the past the O.C., Field Survey Battalion, or the O.C., Artillery $ectas®ly in touch
with the tactical situation, and canugge accurately the time at which to put in the S.R. Section.

(2) Sufficient transport is available for the stores, men and cable.
(3) The Section is entirely sesiifficient, and can survey its own base and construct its own lines.

During the advance of éiThird and Fourth Armies the above conditions were gradually fulfilled. Sections continued, therefore, to play a real and
important role, and the future utility of sound ranging in any war in which powerful artilleries take part is assured.

The first advace was made in front of Amiens and proved a triumph for the Field Survey Battalion. German batteries had been movesl back som
eight days before owing to a minor Australian attack. The weather in the interval was misty, but favourable for soundmhtigin§ections

obtained a number of locations unconfirmed by any other source of information. These were engaged by our batteriebththattigk, and an
examination of the ground afterwards showed how effective in every case the counter lmaktdrgdibeen. Sections were all established on a new
line two days after the attack. As we pushed forward still further they were brought up again, and were in actionpos#itmrélve days after the

first attack.

This was the first time that anytig like this had been done on a large scale, and it was repeated many times in the ensuing months. It was found t
in this kind of warfare, Where the retreating enemy put up a fight on one line after another, Sections could alway® [zetmt in &ss time than

it took to bring up heavy batteries and sufficient ammunition to make the next attack, and the number of results oblpiregzhhtipe work

involved.

15. Training.
(a) Technical.

Officersd The course of instruction given by the Sound Ram&chool in the latter part of the war lasted 17 days. A fair standard of mathematical
and electrical knowledge was assumed, and was usually possessed by those who went through the courses. The bulkasf tlexditee o film
reading, as this is alys the most difficult thing to pick up. Practical instruction went on concurrently with theoretical, and at the end ratioxami
was held.

The following is an abstract of the syllabus, full details of which will be found in Appendix IV.

Object of soundanging, history, etc.

Method of working.

Corrections required (asymptote, wind, temperature).
Calculation of formulae for corrections.

Times of flight.

Film reading.

Shelwave, Bertrandds graphs, etc.
Types of break on films.

Accuracy oflocation.

Ranging.

German artillery and shells.

Details of apparatus, microphone, etc.

Maps, system of grid, etc.

Preparation of plotting board.

Organisation and work of Section in action.

Upkeep of lines.

Hostile Battery maps.

89



Computer®) Thecours¢ asted a fortnight, and the syllabus was similar atyo ¢t}
manner and | ess time was devoted to the instrument .outstrihgstwhep asergs a c
of readings is called out, was carried out daily.

Sound Ranging Operato(frmerly called instrument repairers) were trained in the workshop. They were taught elementary ideas of electricity, the
corrections and the details of tSBeundranging apparatus, likely faults and how to repair them, stringing of harps, tare of accumulators, etc. At the
end of the course tests were given. The class of men taught usually knew little or nothing of electrical apparatustificahstignents, many

having been employed in watch making or similar work, and the course had to be designed to suit such men.

Forward Observer§ The cour se | asted for a week, since an obser veM@Esourse al
was mainly selective in character, and aimed at discovering men who were naturally quick and observant, training thesadimgyaable laying

and repairing, the recognition of the various types of hostile artillery from the report ofthiagmoise made by the shell, and so on, with
elementary ideas on the subject of the sivalve.

(b) Mobility.
(b) The experience during the retreat of the spring of x918 showed that Sound Ranging Sections were not, generalljnepéaléngugh, and
lacked the organisation necessary for getting in and out of action rapidly.

The mobile course was instituted in order to afford practice in the speedy and efficient installation of a Section @se. ieairbed at giving

N. C. O. 6 s and amagoutinteligently andequidkly thecwishes of the O.C., rather than at laying down-arftbfiast routine; but it
must not be forgotten that a certain amount of standardised routine in matters of detail is an essential point of gatidorganshould always be
followed.

Sections in turn were brought down to St. Josse for rest, and during that time the line men and observers were teslagiddn tive construction

of pole crossings, buries etc., and particularly in map reading andlaythg of a line to a certain point and by the route marked on the map. The

N. C. 0. 6s of the Section were trained in choosi ng sadiotayasériesofcables e s
rapidly to given points. fle computers were trained in calculating themtinates of the microphones, being given a map with the base marked on it
and the ceordinates of the flank microphones, and in putting the appropriate grid on a standard plotting board. Frengmmdprators were

trained in putting up and taking down the apparatus quickly, stress being laid on the preparation of proper conneai@rsibefor

At the end of a course a test was held. The Section was given a complete set of stores, a headquarteemdraabpo A fullsized microphone

base was marked on the map, and the Section had to bring up its stores and men to the headquarters, install theaysmticagit to the

microphone positions, construct the emplacement, and get a record shbwliegmicrophones in action in the shortest possible time. At the end of
the test the O.C. School and O.C. Section went over the work together and discussed the various points in which impnigrerhaxesbeen

made. It was found that the SectionsiviEd considerable benefit from the course, since each man learnt to know what his particular work was in the
case of a move. The results were surprising, as some Sections carried out these operations (which included the whblegiedloess Sectin,

except the Survey) in five hours from the time of starting, and the average time taken was under nine hours. It ig iotecespiare this with the

ten days or so which had usually been found necessary for the erection of lines at the frone Beetidhs depended on outside help.

(c) Survey.

(c) It had been found that one of the main sources of delay in installing a Section was the time required for the lsevayeyfand it became

evident that if sound ranging were ever going to be ofevedumobile operation it was essential to have at least one officer in each Section capable of
carrying out the survey. With this end in view courses were started at the Depot in May, 1918, under a trained sunvegaffamirse lasted a

month, and fre courses were given in all, a total of 37 officers being trained. With the material available, nearly all the offigeasrlyegood
mathematicians, it was found that a course of this length was enough to give them a thorough grasp of the phieciptesabnd a good

knowledge of the instrument, while subsequent practice enabled them to lay out-aasming base quickly and accurately. The fact that at the
beginning of the advance in August nearly all Sections had an officer capable ofrayvégise was of the greatest value in the operations that
followed.

16. Research.
Experiment and research were carried out during the war mainly by W Section, by the Experimental Section, Salisbud/Biaivg Brperimental

Section, G.H.Q. Valuableawsr k was al so done in certain special directions by ¢t}
Signals Experimental Establishment.
(a) W Section.

(a) On W Section, as already mentioned, fell the burden of allieaggtigation and experiment. It was in this Section, in its cramped and
inconvenient quarters on the slopes of Mt. Kemmel, that the problem of the microphone was attacked and the Tucker nmcenpdonaend it was

here that all the first investigatisnwvere made into the effect of wind and temperature, and the various practical problems considered in connection
with the work of a Section in the field.

(b) Experimental Section, Salisbury Plain.
(b) The Experimental Section on Salisbury Plain, whichedlarvork late in 1916, was able to devote more time to research, and in most respects
worked under better conditions.

In the programme of research for this Section were included the improvement of the microphone, the standardisatioteafeéhelmiicidation
of the wind and temperature effects, the investigation of the accuracy of Sound Ranging locations, and the developgiranbaf @mn guns by
sound.

The Section had considerable difficulty in getting results for the first few months, awémgpts made in the survey of its bases. For this reason no
satisfactory data relating to accuracy were obtained. On the other hand, the wind question was worked out very thatdedhtyttan

establishment of Wind Sections. In addition, the Seatias asked, soon after its installation, to help in determining muzzle velocities by the screen
method, and this afterwards led to the formation of Calibration Sections. The Section also carried out experimente andhehajze of the
microphone contaier, which had valuable results in establishing a standard pattern.

(c) Experimental Section, G.H.Q.

(c) The Experimental Section, G.H.Q., continued investigations of various questions, mainly connected with practicdlajgiaitstus. Its chief
work was the improvement and standardisation of the plotting board and the production of the automatic developer.

(d) G.P.O.

(d) The Engineering Branch of the General Post Office took the liveliest interest in the work of the Sound Ranginge®ettimnmostaluable
advice and assistance were given, under the direction of the Chief Engineer, Mr. Preece, by his assistant, Mr. PolleckgBeiithg the
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construction of the Tucker microphone in quantity, they made various improvements in details. Thegdusted a series of experiments on the
construction of a recording apparatus which would avoid the necessity for photographic development, while preservingdivardtges of the
Bull system. These experiments did not, however, succeed in produnjitiang which could replace the Bull apparatus.

(€) M.1.D.

(e) In the Munitions Inventions Department, Mr. Irwin (who was associated with Lieut. Anderson in the production of thkerAndier Sound
Ranging apparatus) carried out a long series of axpets with a view to producing a satisfactorypecording apparatus. A good petorder was
designed, but it was not considered that it could compete advantageously with the photographic record, though it wiyilitegebabn most
suitable for seatins for fixing trench mortar positions had it been possible to form these.

(f) Wireless Transmission and Earth Tremors.

(f) The Signals Experimental Section carried out experiments in the application of wireless transmission to Sound Rawgitaysanvestigators
considered the question of gun location by earth tremors. These subjects are dealt with in the two following paragraphs.

17. Application of Wireless Transmission.

For some months in 1917 experiments were carried out with a view to determimétiger the impulse from the recording microphone could not be
transmitted to the registering apparatus by wireless in such a manner as would enable it to be used for sound rangagoasidetthe

construction and maintenance of lines would be @matprely trivial, and much time would be saved. Unfortunately it turned out that wireless is still
unable to solve the problem without large and cumbersome installations at each microphone and other disadvantagesrétesisabily one day
replace chle, but it is not able to at the moment. The Signals Officers who investigated the problem did very valuable and efficiemivever,

and succeeded in producing a system of the r el ayinbobsgia®n, andMhien t he
affected a relay valve at headquarters, and set up a vibratory current in one of the Einthoven strings. Apart from ¢ke dfaladaize and weight

of the installations at each post and the staff necessary to maintain thengttftod gave records which had no character. All sounds above a certain
intensity caused the string to vibrate in the same way, and it would be almost impossible to work with such recordstaathi i most important

to have a system which prodigca record to some extent characteristic of the sound. The work of the Signals Experimental Section is a step towart
achieving practical sound ranging by wireless, but in the present state of our knowledge the difficulties would seerattorbe getpolicy would

be to watch carefully the development of wireless telephony, as the problems are similar, and any great advance @lepinelessould be
immediately applied to sound ranging.

18. Location of Wire Tremors.

The possibility of locating amds by means of earth tremors has attracted a good deal of attention, because the method would be independent of
meteorological conditions. In England experiments were conducted by Mr. H. Shaw and others, and the French and Gemedrib&avethod,

but all would seem to have arrived at the conclusion that it is not possible to locate a gun by this means. Owingttatttbdatiock of recoil on

the discharge of a gun is taken up in the mounting and not communicated directly to the groundktbeeh to the ground is not sufficiently

strong to be distinguished at 9,000 yards from other earth tremors. The Germans state (in a document found at Wahmgdtsamntieesuccess with
trench mortars, being able to pick these up at 2,000 yardaabstall agree in saying that the burst of a shell in the ground can be distinguished at a
great distance, and the French tried during the war to range guns in this way. It is almost certain that a methochfercdoilddoe devised, if it

were worth @ing. This is rather questionable, for the method would only be capable of comparative results; that is to say, it ematlemgnging

to be carried on if the first burst had been located by some other means, for the variations in the speethahs@mdnd preclude an absolute
method.

Correspondence on this subject will be found in a file, fASeismic

Ranging, o0 in M. I. 4, War Of fice.
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Section 1116 Deductions.

1. Chief Lessons.
The chief lessons on the subject of Sound Ranging teasetlfrom the experience of the war are as folldws:

(1) The organisation and training must be such as will fit Sections for the greater difficulties of mobile operatiotraratbethe lesser
difficulties of stationary war fare.

(2) For this purposadequate personnel and transport must be provided.
(3) The tactical handling must be efficient.

2. Organisation and Training.

A Sound Ranging Section must be independent of outside help. It must contain within itself the knowledgeppi@tioes necessary to its work in
all circumstances. Its training must therefore include, besides the technical work of sound ranging, instruction indstireeyreation and
maintenance of lines. It must be practised in team work and mobility, amdttecombine rapidity of movement with technical efficiency.

3. Personnel and Transport.

The personnel and transport required have already been dealt with in Section I. If sound ranging is to be efficieaketo# stést/ing this service

must notbe repeated. Repeated instances could be given of the way in which Sections were prevented from being of full utibtyhisving t
continued shortage. For example, there were never more than five linemen on the establishment. These men were syfoae2Dttold0 miles

of cable, weighing five tons, maintain it, reel it up, march forward and lay it again every few days during an advandheAgansport allowed for

a Section (a lorry, boxcar and light car) proved quite inadequate for mobilereydrit even this amount was not available, because the Field Survey
Battalions were themselves so short of transport for H. Q. that the Sound Ranging Sections were robbed.

4. Tactical Control.

The possibilities of Sound Ranging were never properly ajgteecuntil the advance of 1918 showed what could be done under good tactical
management. Instances have been given, in Section Il., 14, of tactical mishandling. This was due to several causesirTtnerénsaglace, much
ignorance of the capabibis in movement of a S.R. Section, an ignorance by no means confined to those outside the yield Survey Battalions. It wa
not until the combined effect of experience iii movement at the front and courses in mobility at G.H.Q. showed what8eictidowith proper
organisation and attention to details that it was realised that a S.R. Section is perfectly capable of taking part in atdeasters quickly as heavy
artillery. Another cause of bad tactics was that until late in the war the contradavées tn rear. Control must be in the hands of someone on the spot
closely in touch with the tactical situation. There was a marked improvement in this respect when Artillery Section Ceamveamdepointed, but

these were only a compromise for the rezed, which was a Technical Commander with each Corps. This did not eventuate during the war, but will
it is hoped, be the system in any future big war. With a Commander at the Corps H.Q., himself (as he will be in the Artiller)yaofficer, and

closely in touch with the Artillery situation, there should be no difficulty in ensuring that the Groups and Sectionsyaradlvedr proper place in a
forward movement; that is to say, well to the front, in a position to secure the earliest infopoatinie.

The old idea that obtained for some time during the period of stationary warfare that a Sound Ranging Section wae anératatishould serve

an area rather than a formation was of course exploded long before the end of the wantibmethbere as a matter of historical interest. The needs
of mobile warfare, and the great importance of the personal element in conducing to confidence, far outweigh the digfiiciesey which may
occur after a move and before the Section letradocal conditions. A S.R. Section must serve a particular formation and move with it wherever it
goes.

5. Selection of Officers.

In the early days of Sound Ranging officers were selected from those with the highest scientific and mathematicatsattidrttenidea has

obtained generally that all sounangers must be scientific experts. This idea is wrong. A large proportion of pure scientists was useful in the
beginning, but now that Sound Ranging has reached the practical stage, and hasstpltde\ith other weapons of war in the field, the practical
side, the organisation, the efficiency of the apparatus, the care of the men and transport are all as important aseacfmpiwkeds; On the other

hand, it is equally wrong to say that SduRanging is as simple as working a field gun, and that science is required only in experimental sections at
the base.

Sound Ranging, in its present stage, requires a certain proportion of specialists, and a section which has not get affleastioo is a firstclass
computer will never get the best results. The difference between a good and medium computer is enormous. The oneedlt dackiethey come

in and get location after location from them, while the other, with exactly the samésieetdlrnot be able to work out a single battery. It was found

in the war thata manwho had aficst ass scienti fic education and had passed through
experience before he could be considered conipleticient as a computer. The difficulty does not lie in the mathematics involved, which are of the
simplest order. The qualities which make a successful computer are those which make a good experimenter in &nmasc@ycthe power of

getting quicky the best results from a series of imperfect observations and of estimating honestly the error of the final resultulihg earipis

the most specialised part of Sound Ranging, and to be successful must be done by the right type of man. BsiheoHasadte requisite qualities

there is no occasion for him to be a mere laboratory scientist. The experience of this war has shown that many meigiveth eehtific

attainments are as keenly alive as anyone to the practical side of things.

The dficer commanding should be a good practical organiser and director, his scientific knowledge being of secondary importance.

One officer in the Section should be competent to look after all electrical apparatus, while the fourth must be ablet¢odtnmework of the
linemen and forward observers.

Two officers at least should be capable of doing all the survey required in installing a Section.

Needless to say, all officers must be interested in the work. However practical and able, it would be &laserdfficers in a S.R. Section to whom
science is abhorrent. Generally speaking, the type of man required is the electrical engineer with a taste for, andledgednphysics. The
ideal Section would be composed of such men, one of whom wapar pRysicist and experimenter.

No mention has been made of Artillery knowledge, as it is assumed that in future this will be possessed. It is, ofsentiede, es

6. Technical Development.

Generally speaking, the technical methods employed at thef émelwar were satisfactory. They were the result of intensive practical experience

and it is not easy to see how to make many improvements in the accuracy of results, the method of getting wind anceteanpesttus, ease of
reading the records, speed of obtaining the record and plotting the result. The apparatus has been improved to such a pitch that it coeld hardly b
made more efficient. The results obtained by a Section depended almost entirely on the skill of the officers who computed.
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(a) Recording Apparatus.

(a) With regard to the Bull apparatus, as there is no finality in anything it would be absurd to suppose that nothivill dettebe devised. It is,
however, difficult in the present state of knowledge to imagine an apparatuswithitiore completely fulfil the functions required. The impulse of

the soundvave is transmitted to the record without the intervention of any moving part, and it cannot be easy to improve orotiebbjéetion

to the apparatus which can be urged waitly degree of seriousness is that the record is expensive. Bromide cost, at the end of the war, about 0.7d.
foot of strip, so that the paper alone used by a Section in a normal day (200 feet) cost nearly 30s. It would be arifatiisotade be rduced, as
there would then be no objection to running the appmarausecosidbeont i n
devised which was in no way inferior to the Bull apparatus it would have this advantage of ecomamyinSpite of several attempts by competent
investigators, no such apparatus has been produced; and in view of the remarkable efficiency of the existing methcoinpadatieely small
advantage to be gained by any change, it is doubtful wheétherld be justifiable to expend much time and energy on the problem. It as at any rate
not a pressing need.

In other directions there is however an ample field for research and improvement.

(b) Microphone.

(b) The chief objection to the Tucker microphas¢hat it requires a very low resistance (250 ohms for each circuit) and that that necessitates the us
of a heavy cable. The S. Il cable which was used weighs about 5 tons for the 30 miles required by a Section. If ithlete pessh cable of

higher resistance the weight could be reduced to one third or one quarter of this amount, which would mean a reductionasfdioé¢inansport,

both most important considerations. Future experiment should therefore be directed to improving the Tuelstngadew form of microphone

which will give equally good results and can be used with a microphone circuit of 1,000 or 2,000 ohms resistance.

It must, however, be remembered that the Tucker microphone and S. Il cable have stood the test of tset &t theefy conceivable circumstance,
and hence that they should not be replaced by anything that does not prove itself superior under equally severe tests.

(c) Automatic Developer.

(c) A satisfactory and foolproof automatic developer should be desighiedshould not offer great difficulty.

(d) Application of Wireless.

(d) The development of wireless telephony should be carefully watched, as the problem is similar to that of sound chhgthgy @&xperiments in
the application of wireless transrisn to sound ranging should be made whenever an advance in wireless telephony holds out some prospect of
success.
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Chapter 4.
Co-ordination.

Section 10 The Compilation Section.

1. Early History in Third Army.

The Compilation Section had its origintime 3rd Field Survey Battalion. It was due mainly to the efforts of Lt. Col. (them Major) Winterbotham that
the problem was correctly apprehended and tackled in the right way, while the sympathetic attitude of the Third Arrmgribtatiédado the
excelent ceordination of effort and to the great success which the Compilation Section had in this Army.

(a) Origin.
(a) Before the formation of the Artillery Survey Detachment in October, a good deal of thought was given in the Thirdtiierageavhich shdd
be made of the results and locations which it was hoped to obtain.

While it was anticipated that there would be little difficulty in arranging survey posts and in training the staff, it thas ttee problem lay in the
proper collation of all restd, i.e., air photographs, R.F.C. reports, Corps Intelligence summaries, R.A. observation reports, as well as such locatior
and reports as might result from the work of the Artillery Survey Detachment.

Information concerning the movements and organisatidghe enemy had always been deal with by the General Staff (Intelligence), but the location
of German Batteries had been the subject of a number of periodical lists emanating from R.A., R.F.C,, and GeneraleStaf§. diffesing widely

from each dter, and in no case getting very close to the truth, had resulted ~n a distrust of any and all lists, and a reliarexe=esattily orude

and insufficient knowledge of the gunner concerned. To compare, to sift, and to analyse into a really reliagsl¢Herefore regarded as the

function of the central office of the Artillery Survey Detachment.

For some time this work was carried out by two speciialSecton bltthe e n
workgrews o qui ckly and assumed such di mensions that a special secti
(b) First Compilation Section.

(b) In each Army Staff a special officer was allowed for the study of air photographs, anddéedtitisen for the work in the Third Army, Lieut.
Goldsmith, was attached to the 3rd Topographical Section. His duties were defined in the following terms:

ATo extract from reports and summaries all evidence as to p:
batteries, dumps, slrvation posts, railways, earthworks, obstacles, etc. To file

the same in a logical and handy way for reference.

ATo study the interpretation of air photographs, and to tha:
type of enemy works.

ATo i ssue the | ntheBdveydesisara toprovidethemiwihs o f t

l'ists of points to be cleared up.o

(c) Enemy Organisation.

(c) Whilst the General Staff (Intelligence) was and is responsible for information concerning the strength and disphsitereofy, a mass of
topograical evidence connected with this subject has to be plotted accurately on the map.

In the first new and good | arge scale maps the enemyds tracks, |
gun emplacements, etc., appeared on the trench plates. The bulk of the air photograph

work was done by the Topographical Section or its descendants, the Field Survey Company and Field Survey Battalialgutzidesing referred
to the General Staff (Intelligence).

The Compilation Section dealt therefore with all those cases of amgraph interpretation which affected maps as well as with battery location. A
skilled topographer plotted positions on the map.

At this period (early 1916) photographs were beginning to come in in considerable numbers, the average number on atypoabday B0 for the
Army front.

(d) Battery Positions.
(d) During the early surveys and the plotting of the first good maps many features of interest were fixed.

Such features were prominent trees, houses, etc., and all well defined earthworks, inchreiparefl artillery emplacements. Lists were printed for
each sheet, givingthe@pr di nat es and map square | ocations of all such fixed
became a statement of the known and plotted attesitions in each sheet, irrespective of whether these were or were not active.

(e) First Active Hostile Battery List.

(e) In order to reduce the number of competing lists, and to ensure the ley@@ration of all units, conversations had beking place between the
General Staff (Intelligence), Royal Flying Corps, and the Topographical Section.

Towards the end of February the final arrangements were made for a list, issued by the Major General, General StaffientitlddAct i ve H¢
Bater yo List, embodying all |l ocation reports and prepared by the

The counter battery information was therefore from the end of February, 1916, provided in the following forms
(1) A weekly list of Active Hostile Batteries inclusive of RdyFlying Corps and Field Survey Company locations.

(2) Intermediate direct reports from Royal Flying Corps and Observation Section during the week, which were automdircadig oon
cancelled by the weekly A.H.B. lists.

(3) Lists of nfeRlds iatsi dred oDet, erwhii ch dealt only with empl aceme
and which were, or could be, accurately placed on the map.
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(f) Conferences.

(f) In order that the Active Hostile Battery List should really repredenstudied opinion of those able to judge, conferences were held at which the
G.0.C., Heavy Atrtillery. the G.O.C., R.F.C. Brigade, General Staff Intelligence of the Army, and the O.C., Field SurvayCasrpapresent.

(g) Counter Battery and Target Maps

(9) Just as the lists of positions and bearings made in battery survey had to give way to the artillery board, on wiagtibrinf@s shown
graphically, so the active hostile battery list and the lists of targets had to be printed on maps. Coenytandatirget maps. were started therefore
in May, 1916. The first issue showed batteries which appeared on the active hostile battery lists, and included tlee, docsted German

Artillery tactics of that day were such as to allow of exact Hedge of their positions and arcs.

2. Compilation Sections in Other Armies.

The establishment of Field Survey Companies in February, 1916, raised compilation sections automatically in other Armiesk Vaged
widely, however, from that of the 3rddfd Survey Company.

The latter inherited from the Ranging Section and the Ranging and Survey Section a record of close and hojieetazowith the Artillery. This
was fostered by the institution of the Artillery Survey Section and by the subseggoettt of the position of the O.C. as technical adviser in matters
of survey to the M.G.R,A., whilst the Third Army Staff made the work of the Compilation Section an integral part of tHéeadgyarters.

In the First Army the compiling officer was not ssed by the Army, but remained a recorder of the results of the First Army Observation Section. A:
these results continued for months to be a negligible quantity the Compilation Section had little to do, and remaimezkfgredrewithout interest
orinfluence.

In the Second Army the compiling officer continued to be the official recorder of the doings of the Observation SectdnirHadt, belonged to
the old Second Army R.A. FlasBpotting Section, but his work resembled that done by the Bniny much more than was the case in the First
Army. Even in the scope of his Atrtillery Intelligence work, however, the beginnings were nothing like so genenaantiaig.

The 4th and 5th Field Survey Companies were raised some time after the imrodéitite Compilation Section in the 3rd Field Survey Company.
Their Compilation Sections were modelled upon and worked on the same lines. Certain modifications were, however, nfaolerttnAhay, for
example, the | ist of isdorRirued|theiAdlB.dist kg dévidet into ®vd paridy @ositiors believed active, (2) believed
unoccupied. fAiBattery Mapso were first published by t AhedtdRield Fi el d
Survey Compantad time to settle down to a regular routine, but the 5th had not, before the Battle of the Somme brought up a number of new
problems.

By this date the first eight Sound Ranging Sections had been formed, and their results were beginning to come in.

3. Appointment of Counter Battery Staff Officer.

During the Battle of the Somme in 1916 German artillery tactics changed considerably. Protection gave way to conceghotibrenchanged
with a rapidity which made an Army compilation out of date almosbas as lists or maps could be produced.

The appointment of the Counter Battery Staff Officer was instituted to deal with the problem, and the Counter Battdfic&tafi@®a compilation
office for his countebattery area.

The Field Survey Company caifation, in these circumstances, became a more studied Army view of the same problem, useless for action which
had to be taken at once, but useful as a help in doubtful points, as a guide on matters of location for the M.G.Ra’chank as the teaital
work of the Groups and Sections.

The lesson of the Somme battle spread quickly. Counter Battery Staff Officers and R. A. Reconnaissance Officers wene évstaielde and in

the Third Army area the Field Survey Compilation office became thesdwm which the Army R.A.R.O. drew his facts for the M.G.R.A., whilst it
provided the O.C. with a check on technical location. The Active Hostile Battery List continued to be published weeksysapglemented by

daily lists from the Corps.

4. Progres in First and Second Armies.

Meanwhile the Groups and Section in the First Army were rapidly improving and a good compilation office was establistir@n€eever the
Vimy Ridge was the only movement which affected the First Army in 1917, so théfioalties resulted from the centralisation of that compilation
at F.5B. Headquarters. A daily list was issued, and although the Corps issued their own lists the Field Survey Compaayotlatmsiderable use
to the R.A. at Army Headquarters.

In the Scond Army the compilation office was sent up to the Army Location Report Centre far from Army H.Q., and issued it® liberéradSuch
a procedure appears unsound. A tabular statement of the locations made by Groups and Sections can only bé¢hef @allid-ield Survey
Company, since each location is reported by telephone to the Counter Battery Staff Officer directly after it is madeh@rhtned Counter
Battery Staff Officers make their own analysis of the work of the different branchesaaemaever shown much enthusiasm for an Army list. It is,
therefore, at Army H.Q. that such a list should be produced.

5. Growth of Work.

The number of photographs received constantly increased both in number and in areas covered. Investigatiateatththeyigave of the

intentions and organisation of the enemy increased proportionally, and the volume of work soon necessitated an iraffesse @fsparation into
counterbattery and enemy organisation sides. It will be noted that the forierely artillery work, but so was much of the work done by Field
Survey Battalions during the war. Enemy organisation, on the other hand, is the business of the General Staff Intelffgdrmeeter, are

necessary to the preparation of the map, aisclite man who deals continuously with a circumscribed area and the photographs dealing with it who
is generally the first to spot new material for the map.

6. Relations with the Artillery.
The increasing importance to the Artillery of the work of @@npilation Sections led to a demand that they should work at the R.A. Headquarters
under the direct control of the M.G.R.A.

From the summer of 1917, therefore, that part of the compilation office which dealt with purely artillery matters wad tretargeeArmies from
Battalion Headquarters, and became virtually a par te,buotfinthe fonerfhe G. R
M.G.R.A. and the F.S. Co. were located in the same building.

The examination of air phagor aphs f or matters of f@Aorganisation, o i.e., l'ight ra
Battalion Headquarters in all cases.
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7. Function of the Map.
The first 1/10,000 compilation maps on the Third Army front were quicklgWed by good mapping of a similar sort along the whole front. Cases
did happen here and there of distortion, but on the whole these maps were good, and it was not often that serioud baalstectad.

Results obtained by flash or sound locati@revof an order of accuracy inferior to that of the maps. In the British Army, therefore, the final arbiter of
position was the map, and the plotting on it from an air photo.

This is a point worthy of note because German procedure differed essentialyeithan Manual for flash spotting and sound ranging lays down
that in many cases locations thus obtained they be taken as a sort of fourth order triangulation, and accepted irntgthéreapeThis ruling
follows rather naturally from the inferior der of topography observable in their maps.

If. however, it is possible to turn out a map of such accuracy that it may be regarded as the final arbiter, it obkitenslyHetask of the
compilation office, and affords a base on which all other remdisbe plotted and compared.

There is no question that our locations were of a much higher order than the German, and probably the same appliessoltSralsch

In the light of our four years experience, however, it is clear that we might hawve/edmot only the maps themselves, but the plotting from air
photographs upon them, if we had made a sort of fourth triangulation from air photographs. Cross roads, corners of geooddjtbledunctions or
corners, abandoned tanks, arid, in fact, matyral or artificial subjects might have been included. Lists of trrdioates of such points would have
materially improved and assisted the plotting not only in Field Survey Battalion drawing offices but in Counter Battesya@3fic

8. Strength and Duties of a Compilation Section.
Taking the case of a compilation office which was ertengts$pndnetessarp i
was 3 officers, 10 N.C00O.06s and men. Their duties were

(a) Examinabn of all air photographs received.

(b) Identification and plotting on the map of all Battery Positions, whether active or inactive.

(c) Preparation of fAenemy organisationo map for M. G. R.A. ani

The number of air photographs whiatrived for investigation varied from 300 to 400, after a fine clear day, to zoo on an average day. It very rarely
happened that none were taken at all.

The maps produced as the result of the work of the Compilation Sections bore various names inefieAdiffiées, such as Target, Harassing Fire,
Enemy Battery, etc. Finally, they were standardised and reduced to two types; Hostile Battery Positions and Enemy Qrghaeishtaving of
factivityo of batteries on the map was discontinue

9. Future Methods

Battery location units will in future be under the Artillery, and with them will go the compilation office. With the désatibrato Corps which will
almost certainly take place the bulk of the work that was done by the Field Survey Battaliony &tefadquarters will in future, no doubt, be done
at the Corps.

Experience has shown, however, that some such unit is required at Army Headquarters, and it seems probable thaea @tafinofficith all
matters of location will form part of the Staff the M.G.R.A. of an Army, and that he will-cadinate the work of the compilation offices in the
lower formations. Such a Staff officer will, it is hoped, include balloons under his control.

The Survey Headquarters will presumably remain the final @tttan exact positions, that authority being expressed through the medium of the
map; that is to say, that R.A. locations will in cases of doubt conform to the map, rather than the map to R.A. locations.

The position of such emplacements as are topograpli f eat ures will as a rule be fixed and pt
information (such as occupation, Roocupation, activity, and positions of invisible emplacements) will presumably be published as required from
data supplied byhe Artillery.
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Section 110 Co-operation.

1. General.

The account in Section 1. of the work of the Compilation Sections shows how the result of the Observation Groups anddhogi8E&mns were
combined, and also that the Compilation Sections had ¢oitiédx account other means of location, such as air photographs, aeroplane and balloon
observation, and various reports.

In dealing with the question of eaperation one is led inevitably from the consideration edjgeration between the suinits of theField Survey
Battalions to that between these 4utits and other means of location.

Broadly speaking, methods of location may be divided into two classes, terrestrial and aerial. The former, of whicSihe&yelRhttalions were
the chiefexponents, is by its nature precise and independent of the map; the latter is comparatively approximate, and is depéhdenapmd
mapreading. As a general rule, terrestrial location is slower, and is the chief agent for fixing positionsbaenition is quicker, and is the
principle means of reporting activity.

The ideal system would eardinate and combine the whole. In the following paragraphs an account is given obfteraiion between Groups and
Sections, and after that the variottempts at caperation with other sources of location are described. In a final paragraph deductions are drawn
from the experience of the war.

2. Cooperation between Groups and Sections.

In the early days of flash spotting and sound ranging, when eacbtbwas chiefly concerned with getting over initial difficulties and improving
technical efficiency, it was only natural that each should think theirs the chief agency for battery fixing. As time hantwer, it became evident
that the two were butgpts of one system for locating batteries, and that they were interdependent. Flash spotting and sound ranging are entirely
complementary means of fixing guns. Each can do certain things which the other can not, and each can aid the othevaysarious

The importanceofcoper ati on and a good knowledge of each otherds work | ed
attaching Group Officers to a Sound Ranging Section, and vice versa, and even of making them exchange tiutiesifstractions were also

issued from G.H.Q. that wherever possible Group and Section H.Q. should be situated together. The results were most bevefierang

outlook and increasing efficiency.

Another measure that tended to general efficieney tlie Battalion conferences held weekly in most Field Survey Battalions to discuss methods of
location. These brought Flaspotting and Sountanging officers together and inculculated the idea that they were working together to a common
end.

Direct cooperation between these units was also practised in various ways. When the 4th Field Survey Company was on the caatsy of the w
191718, the question of @peration between Groups and Sections received close attention. At this time the Sound Santigingn that area was
having difficulty in maintaining the line to its Advanced Post. A direct line was laid between No. 6 Group and S Sourgl $antigin, and a man

on duty at the Group started the souadging apparatus (when conditions were faable) when he saw a light on the F. and B. board, thus acting
as the Forward Observer for the S.R. Section. This was found most useful for checking sound ranging results, andHnMogatisgfiring at long
and irregular intervals. Later, when the Gmny was transferred to the Ypres front, special attention was devotedperation between Groups
and Sections with the idea of obtaining simultaneous location by flash and sound. The same had been attempted byCtherBtiderBSlly
GrenayRoclincourt sector in 1916. The results were not in either case so good as had been hoped, but the necessity for develapamtida co
was demonstrated by an examination of captured positions after 28th September, 1917, when strong evidence wasiotiieeemy had been
successful in deceiving the Groups with dummy flashes.

3. Proposal to Combine Groups and Sections.

As a result of his experience in the@peration of Groups and Sections, the O.C., 4th Field Survey Battalion proposed thatrie ee@rganisation
acoustic and visual observation should be combined in one unit, to be called an Observation Section, which would ¢arfiastuspotting and
sound ranging. There is certainly much to be said for this proposal.

It evidently implies lhe employment of equal numbers of Groups and Sections of these units. The question of relative numbers was discussed tow
the end of the war, and the balance of opinion, though not by any preponderating majority, was in favour of having eaBrerpadhan Sections.

This was on the ground that the Group is more mobile than the Section, and hence more useful in moving warfare. Tiniejsguitesufficient

weight was apparently allowed for the fact that the Sound Ranging Section, though sbieesvimabile, is more economical. An analysis of the

results obtained by six Observation Groups and six Sound Ranging Sections in average conditions during the period Dé&Zetob®eptember,

1918, shows that the Groups got 7,540 locations and tti®&e11,315. No doubt the Groups during this period did more ranging of our own guns
than the Sections; but, on the other hand, the strength of a Section was two thirds that of a Group, and there can thanondoutor man, the

S.R. Sections wemmore productive of results. Furthermore, throughout the war practically the same number of Groups as of Sections whe found t
required to cover a given front; and if there are, say, one each of these units serving a particular formation, asia @urisly to serve any

useful purpose to push in extra ones as soon as operations become mobile. They would probably be in the way.

The conclusion is that the same number is required, and that the rate is, as the experience of the war showeth, pereCdrpa of (on an average)
three Divisions.

If this Group and Section in a future organisation form part of a Corps Company, with a common O.C. and H.Q., this cactiealtp the same
thing as combining the Group and Section as one unit. Thearaatages of pooling personnel and transport when necessary will obtain, and
identity of interest will be established.

In peace time, however, the same community of interest will not be so certain if Observation Groups and Sound RangireySesgimied as
separate units, which only come together for the purpose of exercise or manoeuvres. It would, therefore, be of greatiadwaletatp ensure the
closest possible touch, to combine them definitely in one unit.

The inclusion in such a unit ofteer means of location, such as Observation Balloons, would naturally follow if the conclusions arrived at in the final
paragraph of this Section are accepted.

4. Co-operation with Other Arms.

In 1916 a good deal of attention was devoted in the Third dtidA¥mies to the question of eaperation between the various sources of location.
Following the example of the French (after the experience of the Somme battle), conferences were instituted, and &t tieheslailyr, which
were attended by represatites of R.A.F., F.S.C., Corps Atrtillery Intelligence Officers, and sometimes by Counter Battery Staff Officers and
representatives of G. S. Intelligence: In the Third Army direct lines were laid between neighbouring

F.S.C. Groups and Sections, and a speaotor cycle service was started to all squadrons R.A.F., Kite Balloon Sections, and Heavy Atrtillery H.Q.,
for the transmission of information.
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With a view to disseminating knowledge of e a wédregwéenibevariouws F.&1€os. lodRdhs ,
officers, and lectures to Squadrons R.A.F. and K,B. Sections; officers of Survey units were attached to batterieseaty IBaney officers were
included as a regular item in the courses at Artillery Schools.

Later, in the First and Second Armies, Report Centres (described below) were established for the purpose of transroittinigingdrdormation.
In the 4th F.S.B., while on the coast, various experiments were carried out, with useful
results, in direct@operation between aeroplanes and kite balloons on the one hand and S R. Sections on the other.

5. Co-ordination in the Corps.

The Army systems of eoperation and cordination mentioned above broke down during movement and hostile attacks, becausgyth@#\too
far from the front line for its information to be completely up to date. The natural result was devolution to the Corps.

The original idea in this devolution was that Atrtillery locations should be analysed at the Corps H.Q. by Artillegeiteltfficers trained in
survey methods, and that the conferences which had been so successful in the Army should be reproduced in the Caapsuidweragthowever,
was that the analysis was done by the Corps Cotateery Staff officer.

It is beyond the province of this history to discuss the merits of the two methods; but it may be mentioned as a matter of thetutidatbunter
Battery Staff officer was usually by his position out of direct touch with certain sources of informatioratamel ttad at first, and for some time,
little or no knowledge of the work and methods of the Survey units, though these methods were responsible for mosttdbtatiexaf enemy
batteries. He was not, therefore, at any rate until late in the wapasition to understand the comparative value of the results obtained.

The outcome of this devolution was, therefore, some degree of retrogression. There was still no general control oboetars witile there was
to some extent less @perationthan had been the case when Army conferences were held.

6. Report or Information Centres.

Report Centres were established in the First and Second Armies in the autumn of ~ with the common object of separatgpopbut differing in
details. In the st Army a Report Centre was established at each Group H.Q.; in the Second a single Centre was formed for the whole Army fron

In order to avoid confusion with certain other Repibbetaledbythatmamse i t
hereafter.

An Information Centre in the First Army consisted mainly of a telephone exchange, connected to the nearest Observatim Gaumps Ranging
Sections, Kite Balloons, Artillery H.Q. and Corps H.Q. It was located @teervation Group H.Q. as being the most convenient centre. It was
provided with a wireless receiving set. Its object was to transmit rapidly to all location units concerned informatiddinof affgcting location.

Thus, if an Observation Group obtaireedingle ray observation, or a&y intersection, adjoining Groups and Sections, if the probable position came
within their range of observation, were i mmedi at el yomaenoplanesmmdd, an
reports from Kite Balloons were transmitted. By this means the number of locations obtained was materially increaseyl tizatdvoald have

remained doubtful were converted into certainties.

The Second Army Information Centre differed only in dealinity & larger area.

These Information Centres undoubtedly did most valuable work and increased the efficiency of the organisation for lerogtinattenies and
other targets. Other Armies were apathetic, in some cases because they already had a&gooflisiesthanging information, and the question
hung fire for some time, being, moreover, complicated by difficulties of obtaining personnel. Finally, the German off¢hsispring of 1918 and
subsequent operations put Information Centres out afutbstion, and they never became general.

7. General Control Required.

The foregoing paragraphs deal with the question of location of enemy targets from the Field Survey Battalion pointraf wighvitee various
methods that were adopted or attemptedrder to secure eoperation with other means of location. But it is impossible for those who were
concerned in the location of targets during the war not to feel that the whole question requires consideration fronmpaibtaddésw.

The Conferencg Information Centres, and various schemes for interchange of information were so many attengrinatecall methods of
location, but ceordination without control, though it can do much, falls far short of effecting all that is requireddi@aton of results was
initiated, and for a long time carried out by the Field Survey Battalions, though latterly it passed to a great ext€ntiradFattery Staff
Officers. This, as will be shown later, was a step in the right direction, but faieduce the best results through lack of technical knowledge. In
neither case was any control of all sources of location exercised

The need was, however, felt throughout the war of a sound control, both technical and tactical, of all means of locatiomraibgho which would
combine and cerdinate all methods. This control should be exercised over sound ranging, cross observation, balloons and aeropdartbs so far
last named are used for location. In order to be efficient, the staff which exengsesntrol must be trained in the proper methods of exact location,
and hence be able to place the right value on results obtained from various sources and in different conditiamdinate ¢bem correctly. Lastly,

as the object in view is almost sty the fixing of Artillery targets, the branch which exercises this control should be the Artillery.

Lest there should be any misunderstanding as t o t haeisnmeanaisithanttle of t
responsibility for fixing targets should be given to one branch, and that for that purpose this branch should have alhgessihi&fixing targets

placed under their command, so that Sound Ranging and &extting Units, Observation Balloons, Aeropla@ad any other means that exist or

may be devised for fixing targets, may be concentrated on the task, in the manner and to the extent best suitedeotiheicapapities.

The training is a most important point. Without it control anerdination will lose half their value. In order to obtain the best value from all results,
an intimate knowledge of the various technical methods employed, and of the possibilities and limitations of eachglis essenti

To sum up, the experience of tBarvey Organisation, both from the lessons derived from their own work and from their contact with and
observation of other methods of location, is that:

(1) All means of location of enemy targets should be under the command of one branch.
(2) That branctshould be the Artillery.
(3) The Artillery should for this purpose have a staff thoroughly trained in technical methods.
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Appendix I.
The Geodetic Problem.

Section B Introductory.

1. Subject Matter.

The subject of this appendix as Geodesy, that is teeceiwhich deals with the shape of the earth. At first sight it will not be apparent why, for
military purposes, it is necessary to enter at all into thus, the highest branch of survey. It will therefore firstiedeipkhis Section, why a
knowledgeof geodesy and why survey of the highest class is required as a foundation to the production of the class of map famébneaass
Next in successive Sections, the geodetic problem as it actually existed in Belgium, France and Germany wikbd.dis&ection V. a short
account will be given of our own attempts to deal with the problem, the difficulties that were encountered, and theistai@ssthat were made;
and in a final paragraph lessons for the future will be drawn from our experien

This discussion of the geodetic problem and the difficulties encountered in dealing with it in the field will show haal dssevark of the
geodesist is to the surveyor in the field, and how impossible it is for the latter to conduct operdtibresgvimdependent, and yet which must
mutually agree, without his assistance. It will be shown that if it be conceded that the surveyor must always be imt® positilne accurate range
and bearing from any gun to any target, the geodetic databeustordinated, and should be studied in advance for all likely theatres of war.

2. Maps in Future Warfare.

The recent war was stationary for the greater part of its duration, but it will be as wrong to assume that the nexigitdzse pracisely te same as
that it will be extremely different. In the present state of knowledge it seems likely that there will be stationaryrphasdsla phases, and that the
change from one to the other may take place quickly; and a clear lesson from receebegpethat the surveyor must be prepared to produce
accurate large scale maps wherever required.

Without large scale maps the accurate reproducing of points, the interchange of information between aircraft anchdrttienmesmsurement of
reliable nitial elements of fire are not possible.

Without good large scale maps also, accurate map shooting, which is so essential to secrecy of operations and s&sseatiaskible.

Even in a war of movement it must not be assumed that large scalevillat be required. They will have to be provided whenever and wherever
possible, because the reasons which necessitate their use in stationary warfare apply frequently with equal forcenoeeweanof

It may be taken as proved then that futueefere, stationary or mobile, will necessitate lasgale maps, except of course in case of small campaigns
against primitive races. Let us, therefore, consider the accuracy necessary to produce maps of the nature we are considering.

3. Accuracy of Maps Bependent on Class of Survey.

The ideal in the map is an accuracy which a scale of 1/20,000 will not conclusively show. 20 metres on the ground éré onillihis scale; and 1
millimetre is a dimension so small as to be dangerously near the possiblef @ontraction and expansion of the paper. Let us, however, suppose as
a working hypothesis that the position of every topographical feature is known to an assured absolute accuracy ofé2@lnettussexamine fully

what this implies.

In thefirst place we can never be assured of absolute accuracy on any point, no matter how well fixed. But we can speak béarnemyy
absolute with reference to some point fixed in the centre of the céustish a point as the Pantheon at Paris, Xarmmple.

Now in any general survey there must necessarily be a classification of points into various orders, 8y34s¢2and §'. Suppose the absolute
accuracy, as above defined of the 1st order point is 1/1; then that of the second prhderegarded as 1/2; of the third order, 1/4; of the fourth
order, 1/8; and of the fifth order, 1/16. Now, though this scale is arbitrary, a geometrical progression such as tiasgivenadtice fairly well
indicate the manner in which the accuréalis off as the order increases. If we regardarsler point as any ordinary topographic feature
whatsoever, it is a fair assumption that if the absolute error of that point is not to exceed 16 metres, the absditie é'rorder point must not
exceed 1 metre.

All points in a given area could of course be fixed approximately to the same order of accuracy, even the highest. &@heirtlzery an extremely
limited area the highest order could not be maintained without rejecting the elemeiniziplgs of economy. Even in countries with the highest
development the economical factor necessitates the introduction of the fifth order point, notwithstanding that in suzséayecthis fifth order

point may assume a grave importance. If, howdvdr,e assur ed fAabsoluteo error of this point
very highest class is unavoidable.

4. Requisite Precision of Survey.

Modern primary surveys have shown todiantof adirstprdee pointslistant200tkimmetres érommtteet r e
central datum is attainable. On a 1/20,000 map such a point would have an error less than the width of a pencil pe@iotuBatyaaf this order in

the countries we are considering couldydre expected from the new arcs of meridian and parallel in France or from the better class primary survey
in Germany. So far as France is concerned, this new triangulation covers a small area only of the country. In thelatibtridvegthird order

points are only comparable with the fifth order of which we have spoken&@biove ot her words, their fabsolute
an assured accuracy of 20 metres. Even the relative positions of points not very far apart are notthremwassiirance of 10 metres, though the
average relative displacement may be taken as not greater than 5 metres. Now a relative displacement of 10 metres Sigitioeeneivem so far

apart as 5 kilometrésor, say, three milés may cause an error on thearing of the line between them of seven minutes @f arcamount quite
inadmissible in laying out line for artillery.

I'f third order points are to be of full tri gono rfiemetisconelcantharfeele t o
assured that their relative errors will be | es s metresfimplyiogrelative errorst h e
of perhaps one third of this amount, are permissible in the general toppgfifthforder points), since one can generally obtain points sufficiently
far apart to nul | i fdythatid) leearingeosdirdctidaandta nuienbear a suchgdintsfill give a godd value in the mean.

5. Actual Conditions on Western Frant.

Let us now, however, descend from the ideal to the actual. Suppose that the country has been surveyed at two diftharthdajesater part of
the survey is old, that the old landmarks have in many cases disappeared or have been destroyaddghatssome of them have been
reconstructed in different positions. Suppose, in addition, that the two surveys have been conducted on differenhstiffleserwiorigins and
different azimuths, and that they have been referred to different gdhara plotted on different projections. Here we have the conditions which
obtain in France today. Suppose, further, that we cross the frontier into Belgium or Germany. Here again we meet nehvs@iles &esh
azimuths, different spheroids, speagstems of projection.
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The problem before the Allied Armies was teaalinate all this diverse material.

6. Necessity for Geodetic Study and Control.

Such a problem cannot be treated piecemeal. It is not a problem for individual Armies, but for thbattf®hrea, actual and possible. The partial
treatment of the problem was the radical mistake of the early stages of the war. In other words, surveys, even ifrfieey\acepect in
themselves within the limits of an Army front, are not suffitiemch work inevitably involves a break between Armies, since the fundamental
positions, azimuths and bases are never the same. These breaks involve discontinuities in fixing position which beaoreeoftreosend of
trouble in the subsequent condo€the war.

Moreover it is so extremely difficult to effect changes during the progress of operations that mistakes once made eetified béthout upsetting
past arrangements, leading to the greatest confusion. The inertia of a past mistake insalpersble.

Again, the discrepancies due to a break between Armies are magnified by any general movement forward or backwarduwod tine louansequent
pushing forward or back of the local surveys. These surveys then became more and more dutvithtthue national trig, systerdsn other words,
with the maps of the country on which subsequent fighting takes place.

Another kind of break has already been mentidngut which occurs at frontiers, such as between France and Belgium. Breaks ofitistsokitul
be studied before the war. This implies a collection of essential documents and a thorough understanding of the diffeitealdattudes,
longitudes and azimuths, the discrepancies between bases and the spheroidal@onsiaoit the gneral geodetic problem.

To sum up, then, it is necessary to deal with this kind of problem from the broadest point of view and to aim at ahsalkygraicthe accuracy of
a single stretch of front), to keep the whole work as far as possible in symyitt the latest national triangulation in the country as a whole, or,
more correctly, to carry out the survey in such a way that it may be brought by very simple means into harmony withahsunedips of all the
countries involved.

If, as in the ase of the century old survey of France, the accuracy of the national work is of an inferior order, the problem becorsely immen
complicated. It would, however, have been vastly simplified had we begun in 1914 a triangulation based on the new riresidizn whose
accuracy is unquestionable, and which had been already connected with both Belgium and Germany. But there is no usegiswttenmgprk
unless it is generally controlled by one whom past experience has trained in the same generadiéeldirdi untrained effort will lead to
divergencies as great as those of the surveys which it is proposed to improve.

A thorough understanding of such a question is only possible to the trained geodesist and mathematician who hasespedeaimliwvith these
complicated problems, and who can devote all his time to the subject. Such problems are always liable to arise, #md reiason that a
knowledge of geodesy is so important, and that it is essential to have a geodesist on thet&tjrsethSn peace time, and with the headquarters of
the Army in the field.

7. Division of Subject.

For the general surveys of Belgium, France and Germany, the groundwork, as we have seen, necessarily consisted ofntiaé fondarabthe
national tiangulations, These surveys will be dealt with in the order named. We shall have to include in general in the discussion:

(a) Description and quality of the survey.

(b) Measured bases.

(c) Nature of beacons and signals.

(d) Origin of the geographical ggsn. (Initial latitude, longitude and azimuth.)

(e) Spheroid of Reference.

(f) Nature of Projection and origin of rectangularardinates.

(9) Connection with neighbouring national surveys.

(h) Systems of levelling.

(1) Generally, those relatiomghich were of importance as contributors, direct or indirect, towards the observational efficiency of our
Armies.

Although the ideal was so far unattainable, the preliminary remarks in this introduction will enable us to bear in coimditthes towards which

we should have striven to secure as greatardmation as possible of the very diverse, sometimes very good, often very bad, material at our
disposal.
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Section 1.8 Belgium.

1. Bases And Triangulation Of Belgium.

The primary triagulation of Belgium was executed between 1851 and 1873. Being later in the surveying field than France and Great Britain,
Belgium gained by more modern improvements in instruments and methods and the growing necessity for greater precision.

Directed by Neenburger, Houzeau, Simons, Le Maire, Diedenhoven, Ferrier, Hennequin, the triangulation was dependent on two well measured
based Lommel and Ostend, with Beverloo as a base of verification. There are eighty four primary stations, forming a net og2s9ttimmean
square error of an observed angle is + 0.89", which indicates that the triangulation is on a par with good recent work.

The measurement of the secondary and tertiary net was completed in 1888, and the results of the whole work atersetmuiblished volumes.

2. Connection between Belgium and France.

The primary survey of Belgium is connected with the new triangulation of France at the four points, Kemmel, Hondschebtencasskirk. It

was also tied to the principal triangulatiof Great Britain by the croshannel measures made by An§l@nch and Belgian eoperation in 1862.

The results of these measures proved that there was an excellent concordance between the English and Belgian bk, aedrihetry good
agreement with the base of the new French triangulation, if fifty eight be added to the seventh place of logarithms cfalegandaring the

English and Belgian standards into harmony with the International Metre. The connection with France, exgépsdilmited portion of frontier in
Flanders, was weak, consisting only of points common to the old triangulation of France, which, as we shall see, waswegifag up to the

standard of modern demand. Moreover, such points as were common @atgnmeups with long intervals between them. It may be added here that
the French Admiralty had tied their coastal triangulation with Belgium as far as Bruges. Between Kemmel and the seegg tlias ah intimate and
strong liaison between the survefBelgium and France; along the rest of the frontier the weak linkage on the French side was at any rate defensi
as evidence of pacific design.

3. Spheroid, Projection and Origin of Ceordinates.

The spheroid of reference for latitudes, longitudesammthuths was the old spheroid which Delambre had originally derived from the meridians of
Paris and Peru, and which, modified by a Royal Commission in 1820, became known as the spheroid of the Carte de Fratecg.) (Bee

Belgians were logical in usy the same spheroid for their system of rectangulardioates. They adopted the Bonne projection, using as initial
meridian the longitude of the old Observatory of Brussels, about 2° 01' 58.7258874" east of Paris = 4° 22' 12.7" east of Greelmviihe initial
parallel was that of 36= 50° 24' of north latitude. The meridian actually adopted by us as initial for the computation of points in Frarice was 2
2588.7" E. of Paris.

The Belgian rectangular eardinates were at first computed from thegephical by an approximate conversion in the field, and later by means of
tables and formulae for double interpolation The results were sufficiently exact for mapping, but a curvilinear systefusammatansformed to a
rectilinear without loss ofrecision; and, in fact, errors of one or two metres resulted. Subsequently the rigorous formula for direct conversion were
employed.

4. Quality of Survey.

Though the Belgian survey was of very general excellence, the third order points were of muchdareeyahan the primary. There were some
actual errors and naturally the survey is in certain places considerably out of date. Nevertheless, had the war betmBelgiumed the problems
confronting the surveyor would have been greatly simplifieé ThRSer vi ce Topographique de | 6 Ar m®e Bel
corrected some of the positions of points on the Belgian front and amended other errors of transcripRépertbiee des Points Géodésiques
(published by the French Service@raphique), from which the British service derived its positions during the later middle period of the war. We
shall have occasion to refer again to these valuable Répertoires. Towards the end of the wardihates, geographical and rectangulatev

supplied to us directly by the Commandant of the S.T.A.
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Section 1.6 France.

1. Old and New Bases and New Meridian of Paris.

France provided problems of much greater complexity. The new triangulation of France (see Diagram 1), covered a snoallypofrtios country.
Commenced in 1870 as ameeasurement of the old arc of Delambre, known as the meridian of Dunkirk, and extending from the Spanish frontier
through Paris to the Straits of Dover, it was not completed until 1892. It was supporteeledpetbes, of which that of Perpignan was the only one
which could be identified with the old. The new measure of its 11.7 kms. showed that the old length was too short lmnR9 iceasone in 40,000.
The old main base at Melun was not recoverablectparisons of the base net recomputed from the new base between Villejuif and Juvisy, 10
miles south of Paris, showed that the old base of Melun, 11.84 kms in approximate length, was too short by barelyel2omén, 100,000. (See
note 1.) Thehird new base was measured at Wormhout, north of Cassel.

The new meridian of Paris comprises 119 triangles, whose maximum error of closure is 8.8", i.e., less than three sgesialséx@amean
square error of an obs provetbhatithegpmnuty workiwas ofthe bighestclafshes e f act s

2. New Triangulation of France.

From 1899 onwards other chains were measured, the new work being at first known as the Cadastral Triangulation. lari@97itae s

reorganised, the chief end in vidging the production of a new map in colours on the scale of 1:50,000; wherefore the new work became known a:
the ATriangulation of the 50,000.0 The stati ons o udedthedolloivingas:t or d
(a) the new Parallel of Paris (182902), containing 23 triangles (m.s.e. of observed angle 0.65"); (b) the Parallel of Amiens, western part; (c) the
Meridian of Lyons, replacing the old Meridian of Sedan, the northern portion of which had nobhg#ated at the outbreak of war; and (d) the

Mean Parallel, eastern part.

Between these chains there is a net of triangulation, known as the First Order Complementary, which, together witthpdntsarid 3rd order, is
eventually to fill the rectandar spaces between the chains. The triangulation was at first carried out by Departments of France, but from 1907 the
work was done by sheets of the 1 :50,000 dnapnethod which, essentially vicious as the older survey proved, after 1914 doubtless became
unavoidable owing to the exigencies of war. The total area covered by this new triangulation embraced the Departmentsnoé tioé tBe Seine

and Maine, and of the Vosges, together with portions of the Pas de Calais, the Seine, the Haute Marne Shenldartd the Doubs. When the

front line became stabilised, in the British Army area there were available the triangulations of the Somme and thédtasndel€the French

Army was interested in addition in the triangulation of the Vosges.

3. Area mvered by New Triangulation.

In 1914 the new triangulation accordingly covered a small part only of France, and, with the exception of the Sommeasirbegadly speaking,

of comparatively little use to the Allied forces. It is true that the merigierof Paris followed for a good way the front line, and the stations were all
more or less utilised at some period or other, except perhaps one or two which had been destroyed comparativelywearjbirt ihegeneral they

were too far apart and tdar back to be of immediate value with the means at our disposal. It was not until the summer of 1918, when the Third an
Fifth Armies had been driven back and found themselves in the midst of this new triangulation, that it was possibleréztinakesp of it, and to
make arrangements for fAbreaking downo the primary chain.

For surveys in the back areas the triangulation of the Pas de Calais was finally utilised to the fullest extent.

4. Description of New Stations.

The primary stations of the new mgulation in our area are either church spires or ground beacons. The latter are usually tall circular chimneys,
which, though excellent as beacons, are, like the church spires, in general inaccessible as observing stations. Thetsedandearpoits are

spires, chimneys or small brick pillars, already commonly the latter have been wantonly destroyed by the farmers ordwhesevkne placed, but
fortunately our surveyors were in most cases able to discover at least the concrete foundations.

We shall have more to say of the new triangulation; meantime it is necessary to make a passing reference to the triatigellBtiemcbf Admiralty.

5. Triangulation of the French Admiralty.

The work of the Admiralty was naturally coastal aagnprised a composite triangulation of varying value. On the North Sea littoral it made use of
the Belgian triangulation for the fixation of Bruges, Hooglede, Kemmel and Nieuport; then of thg A86lo-French triangulation to connect with
Mont Lambert ad Harlettes, stations of the Pas de Calais; then of the new triangulation of France as far south as Huppy and Hoftiegy;atlden o
parallel of Amiens along the coast to Dieppe. For the last section it employed the old measures of the anglesdtinggmto sympathy with the
azimuth and scale of the new triangulation.

The projection used was peculiar. The position of La Canche and the azimuths thereat were taken from the Pas de @atais taadghis point

was chosen as the origin of thmjection. North and south from La Canche a single chain of triangles was chosen and the angles of these were
reduced by one third of the excess of their respective triangles. The whole was then treated asradgatesnd the rectangular erdinaes

computed accordingly. To transform to the Bonne or the Lambert system it became therefore necessary to compute tietsidegles$tto work

up the geographical eardinates starting from La Canche and then convert the geographical to the Bibtuaendert ceordinates. To determine the
latter correctly it will be seen that it was essential to know the particular chain of triangles which had been origptalty tree general list of €o
ordinates itself giving no clue to this chain. The Admirgaiigngulation was obviously of value for back area surveys, for which purpose full use was
made of the measures.

6. Old Meridian of Dunkirk and Comparison with Other Surveys.

Outside the Department of the Somme, the Allied forces, in the DepartmentNufrthehe Pas de Calais and the Aisne, were chiefly dependent for
forward positions on the old triangulation of France. The old survey dates from the commencement of measures of thef Derdignin 1792.

This famous arc was carried by Mechain saattds from Rodez to the neighbourhood of Barcelona, and in 1806 was extended by Biot and Arago,
using powerful lights, to Formentera in the Balearic Isles. Delambre worked northwards from Rodez to Dunkirk, whenoereetrigainconnection

had been estéibhed with England in 1787 by Roy, using the new Ramsden theodolites on the British side, and by Cassini IV., Legendre and
Mechain, using Borda repeating circles on the French side. The arc was subsequently carried by the Ordnance SurveitotigaSatettands,

the AngloFrench connection being greatly improved in 1261

Some of our officers will appreciate one of the difficulties Delambre had to face in northern France; in certain placeslbealcostility so great
that he had to give popullactures on the objects of his work before he was permitted to establish stations on the Churches, even in revolutionary
France. He was actually arrested at Lagni and Saint Denis.

The French section of the arc was published in 48Dénder the titl®asedu Systeme Métriqu&he arc comprised 93 triangles, 11 per cent, of
which had closing errors of over 3". The mean square error of a measured angle was + 1.08"; the quality of the measutieenefdresauperior to
that of many national surveys exeautalf a century later. Perhaps the most doubtful element in the meridional triangulation was the azimuth.
Observations were made at Watten, Paris, Bourges, Carcassone and Montjouy, an extraordinary number of measures baiigtakgrafo
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selected mtion to the morning and evening sun. At Paris there were 396 observations, and we have seen that the old azimuthfhemettife

new by two seconds sexagesimal only. But at Bourges, 120 miles south of Paris, where 180 observations were s@dpatiay dietween the
observed and computed azimuth amounted to 39.4" ( Seeuena VMoatolyand As
Barcelona was the subject of considerable criticism; on the other hand, that of Drertiitk,s er ved by Mudge at Del ambr
confirmed.

These discrepancies were somewhat disheartening to Delambre, who had put into the work all his great fund of knowdedbeffekillModern
observation has, however, amply supported Delamsbrfar at least as the northern portion of the arc between Paris and Dunkirk is concerned.
Between Paris and Bourges, however, the extraordinary political difficulties he encountered appeared to have reflebted thérissesults. It is
necessarya consider only the final northern line to prove how comparatively small were the errors of the northern portion of ¢hielialal anc.

We append here the results of the five measures which have been made of this line at various dates.

Cassel Church To inkirk Pavilion.

Comparison Of Measures.

Triangulation. Distance. Azimuth.

Log. Metres.
Old French 4.438 6784 163° 18' 40.74"
Belgian 6819 * 38.0"
English 6824 * 50.90"
French 6791 * -
New French 4.438 6862 163° 18' 50.45"

* Theselogarithms have been increased by 58 to bring the Belgian and English bases into harmony with the International Metre.

These results indicate that the scale of the old French survey in this region is less than the new French by 4 /ta6ge in the sasense and

of much the same order as found at Paris and in the south. Incidentally they also indicate a very fair agreement lizlgeeem, the British and

the new French bases. As regards the azimuth, we find a close agreement between the add-teadelgian triangulations, and, the new azimuth
being assumed correct throughout, since at Paris it is less than the old by 2 seconds, we see that the azimuthahemdr of®é s ar ¢ had
accumulated to some 12 seconds sexagesimal between Pdbigraamdkd an amount which cannot be considered condemnatory, even from a
modern point of view. The agreement between the British and new French azimuths is very satisfactory.

Though we have given here the results of one line only, all the conclusions adamyusupported by other lines in northern France.

7. Old Triangulation of France.

The other French chains of meridian and parallel did not maintain this high standard. They comprised 460 triangles, i28%eaf eirsing errors

of over 3dameashred amgle,amoreover, was + 1.66". These measures were executed between 1811 and 1831 bgdogéaphes,
under Brousseaud, Bonne, and others. Between these chains the country was covered with a triangulation, known asitstaDadehe
Complementary, completed in 1845. Finally, tfiéahd 3¢ order points, surveyed according to sheets of the 1/80,000 map, were all fixed by 1855.
These latter points, as our Armies have good reason to know, were not always positioned with sufficeryt egen for a map on this

comparatively small scale.

8. Old and New Origins and Spheroids and Methods of Reducing New to Old.
Before attempting a comparison of the old and new triangulations, it is necessary to make some preliminary remarkeerities diftbe bases
have already been stated; we must now consider the origin of both the old and new nets.

The origin of both the old and the new triangulations was the Pantheon, in Paris. The new and old values of the gexmgoagiihiztes here, with
their differences, are as follows, longitude being reckoned positive westwards from Paris ObséYvatory :

Latitude. Longitude. Azimuth of St. Martin du
Tertre.
New 5492736.18" 090106.93" 119 8721.86"
old 2742.55 0106.81 8728.3
New-Old -6.37 -0.12 -6.44

It was necessary in the first place to consider whether the old should be reduced to the new or the new to the oldfaldeheyfect that so little

of the country was covered by the new triangulation, to save labour the French tiecathde the new triangulation to the same origin and
spheroid as the old. Hence, to convert the new latitudes and longitudes to the old, the differences above, with ogposits sigradded to the new
latitudes and longitudes to allow for the changerigin. But again: the new triangulation was referred to the Clarke (1880) spheroid, while the old
was on the spheroid of the Carte de France. To refer the latitudes and longitudes of the new triangulation to thewld spilerod r ae 6 s Dan
formulaewere employed for the conversion. A table constructed there from gave the corrections, including therein the changgivafroabave.
There remain the questions of the corrections due to change of scale, consequent on the differences betweeihnibw blasas, and to the change
of azimuth at the origin. The effect of these last two changes could also have been computed by differential formudess, eorbteucted to
correspond; but, rather than work in this way, it would have been really sitoiave recomputed the new triangulation on the old spheroid from
the old origin, and from the changes at the various points of the triangulation interpolate for a single general talihg toatasultant effect of all
the changes. What the Frendhually did was to reject the effect of the change of scale and change of azimuth.

It follows from these considerations that no strict individual comparison of a point common to the old and new triangutetisitde. On the other
hand, if a sufficienhumber of common primary points occurred in each area, it would have been possible to arrive at regional correctioni& showing
addition to the relative errors of the two triangulations, the effect of neglecting the change of scale and the chamgb.df azs the intention of

the French that this should be done; but, actually, the proposal was generally unworkable. For while regional corréttiane d@men obtained in

the Somme area, in other regions the common primary stations of the olearaiu triangulations were far too few to render any effective
comparison possible; the old 2nd and 3rd order points were so unreliable that their inclusion would almost certainlified\tbenutlue of the
comparison.
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In practice therefore, we were unwillingly compelled to forego the changes of scale and azimuth and the relative errors of theutatiotnising
correct for the changes of origin and spheroid only, and reject the possibility of finding a regional correctiomeftésvearked better than perhaps
one would have expected; we have seen that the change of scale, as judged by the Melun base, was only 1:100,000 araf #rnchtémat the
origin, being only 2 sexagesimal seconds, would not have made any impoffeeneindi in the areas chiefly concerned; even at the German frontier
near Metz the effect of the change of azimuth on the latitude would have amounted to 0".08 only, and it is curious saemeaftbntier the change
of scale, as indicated by the Melbase, would have affected the longitude to very nearly the same absolute extent, namely, 8 feet.

9. Comparison of Old and New Positions.

An examination of a few common points will illustrate some of the matters discussed and some other facts ndy preniborsed.

Station and Order o Trian Geographical Cardinates. Lambert Ceordinates.
Point. Sheet gulation. | Latitude. Longitude. W-E SN
metres. metres.
BONNIERES French New 55,8298 +090880."2 109806.4 397212.0
Church spire (1st | Arras, S.W. New revd 8.95 0.20 6.5 2.0
Order Old, 1st Orde| Lambert Old 55,8298.4 +0,0879.7 109809.7 397210.8
Compy. New). 7f, N.E. New-Old +0.35 +0.50 -3.2 +1.2
French New 55,7970.4 -0,2195.7 129261.4 392538.0
SAULTY Church Arras, S.E. do. revd. 0.65 5.68 1.6 7.9
spire (1st Order). Lambert Old 55,7970.2 -0,2196.2 129264.¢ 392533.8
79, N.W. New-Old +0.45 +0.52 -3.0 +4.1
French New 55,5888.7 +0,0132.24 112861.7 372815.2
TALMAS Church | Amiens, S.W. do. revd. 8.707 2.25 61.5 49
(3rd Order). Lambert Old 55,5888.7 +0,0127.5 112893.4 372812.9
8f, N.E. New-Old +0.01 +4.75 -31.9 +2.0
; French New 55,4714.9 +0,0823.9 107566.7 361425.4
"&(,\DA’I“EGNPSREthCSh Amiens, S.W. do. revd. 4.90 3.606 59| 24.9
(3rd Order). Lambert QOld 55,4715.9 + 0,0826.1 107550.7 361486.6
8f, S.E. New Old -1.00 -2.49 +5.2 -61.7
French New 55,4329.9 +0,0382.3 110176.3 358006.9
AMIENS Cdihedral | Amiens, S.W. do. revd. 2.94 2.33 5.9 6.5
spire (3rd Order). |Lambert Old 55,4392.9 +0,0382.2 110177.G 358005.8
of, N.E. New-Old +0.14 +0.13 -1.1 +07
French New 5,2342 .4 -0,0699.0 115693.7 337047.8
SOURDON Church | Montdidier, N.E. | do. revd. 241 9.03 3.8 6.9
(1st Order). Lambert Old 5,2342.1 -0,0699.0 115693.4 337044.5
10f, N.E. New-Old +0.31 +0.0 3| +0.4 +2.4

These may be considered as very fair examples of the discrepancies between the old and the new triangulations. Emel lattgiiedes
following the description f Neasoordinaies, those giveninthe Fréneh listsoltrwill bessgen thad thenfagmet. a n
were given in general to the first decimal only of the centesimal second, so that an errordarthieates of hate-metre was possible, and

sometimes occurred. The wholetbé latitudes and longitudes were, therefore, recomputed anew by our Depot Battalion, and these appear in the
rows indicated as fiNew revised. o It is with the l.atter, therefor

It will be noticedthat there are many inconsistencies in the figures. These in certain cases are not very serious; they are due téesttrtaimex

in the original method of computation, and to a small extent arise from the fact that the old latitudes ané$omgitndt carried beyond the first
decimal. In the case of Saulty any irregularity could be explained by the fact that the spire is now bent,. and verwpossiblg t r ai ght i n
period. But the discrepancies in the case of the third order pdaltaas and Longpré les Amiens are much too great to be explained in other than
four ways. It may be that they are due to (a) errors in the old triangulation; (b) mistakes in transcription; (c) elmigiioe; (d) reconstruction of

the churches. \th the new triangulation to test them, there is no doubt as to the seriousness of the discrepancies; and it is obwicuesathved

based on either or both of these points would have been disastrously incorrect. Consider now the difficulty ofsletbatimors in those wide

regions of France not covered by the new triangulation and the danger of working from such points, more particularbréathebere the correct
fixation of observation posts, microphone bases and battery positions wagathnt. As such errors were all too common, the outsider will
appreciate to a certain extent the difficulties of Allied surveyors in discovering these bad points and avoiding tHerat theuil surprise the reader

that observers were warned not &pdnd on any single point of the old triangulation or even on two such points. It was their duty to observe as mar
as reasonably possible and reject the assuredly doubtful results. This is not so simple as one might imagine, for meamg poitite r&er broad
borderland between the sufficiently correct and the excessively incorrect, and it was not by any means always easyiatedifféneeen them. The
unguestionably incorrect point gave much less trouble, and once found could be rejectedanmitmieg

10. The French Bonne Projection.

The system of cordinates at first in use was, in France as in Belgium, based on the projection of Bonne, known afswjestibe du Depot de la
Guerre the original projection of the Carte de France. @tigin in France was the crossing of the 45th Parallél¢&8orth latitude) and the

meridian of Paris. They were calculated by interpolation from tables drawn up by Du Plessis. Now, in the first placsistait®ed the ellipsoid

of the Carte de Rince. He took the meridian quadrant at 10,000,000 metres instead of the 10,000,724 metres of the Carte de Francengimereby cha
the scale by 1 in 14,000, i.e., 50 to 60 metres in the whole length of France. Puissant gave correctional formulageteinghayr applied. (See

Note 3.) In the second place, it is not possible to transform by formulae for double interpolation from a geographical)(spstem, that is, say,

from latitudes and longitudes, to a plane rectangular system, without iritrgdjuite appreciable errors, unless the fundamental tables are drawn up
with arguments having smaller intervals than one tenth of a grade. The national disinclination to drudgery nowhere elfioveed ttsan here; and

it is open to question if much labr was really saved. The same doubtful procedure was later followed by the Belgians.

11. Conversion to the Belgian Bonne Projection.

Since the British maps were extensions of the Belgium 1/40,000 sheets,. it became necessary to refer the Frenitte poigis tf the Belgian

Bonne (ide antg. These calculations were at first carried out in the field, and later by the Ordnance Survey, using a table simd&bto that
Plessis, which, of course, was quite sufficiently accurate for mapping purpdsess, Wthe course of time, the British Field Survey Battalions were
properly organised, the calculation of Bonneoedinates was conducted rigorously; but it must be understood that this eventual progress took two
years to develop, and the early workiarthe British field found themselves everywhere faced with grievous difficulties.
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12. Military Projections. The Lambert Projection.

The French were not satisfied with their old Bonne projection, because an equivalent projection is not suitableyfgnepdkes. From the point of
view of plottable error there is not, it is true, enough difference between one projection and other (provided that tmeefés from the origin) to
introduce any serious practical difficulty, but an orthomorphic ptiojeds desirable for the following reasons: Firstly, it preserves shape, and,
consequently, bearing; and, secondly, th@abnates of an orthomorphic system adapt themselves better to working in the field, since the bearing
computed from orthomorphic eardinates, treated as a plane system, is almost precisely that of the map grid; in other words, it is simply the azimu
(i.e., the true bearing from true north), + the mean local convergence of the meridians. It is true that an orthomengtuin prpjeserving bearing
increases the exaggeration of distance; but by the adoption of two standard parallels the amount of the lineal eeducad bg about one half.

The balance lies, therefore, with some form of orthomorphic projection, be itilaitudngitudinal or circumferential.

In an orthomorphic system bearings are true round a point. This postulates that the lines carrying the bearings arefviey Isbaring of a line

Ad B of some considerable length is computed from therdinates, considered plane, of its extremities A and B, the bearing so found is not in
general precisely the same as the azimuth at either extremity less the convergence of meridians at that extremsty.rigatriy iso that the
discrepancy is negligiblefo an artill ery commanderdés point of view; and it is

Of the numerous orthomorphic systems, the French, looking towards Germany, naturally chose the Conical Orthomorpédnidestifi

particularly with J. H. Lambert (17287), an Alsatian refugee who found his lifework in Berlin and witsetributions to the Practice of
Mathematicsvere published in 1772. The central parallel of the new system is thé=aB330' of latitude, and éninitial meridian is taken%@east

of Paris Observatory. There was no advantage in taking the origin so far east beyond the fact that it reduced the cohrergéiaces to zero
somewhere near the meridian of Strasburg, which in certain eventualigleshave become the central scene of conflict. In order to reduce the lineal
scale errors, the scale of the whole map was reduced in the ratio 1:2037, thereby rendering the scale true on tHeésphealte 570

approximately. Finally, to avoid negat coordinates 500 kilometres were added to the eastings and 300 kms. to the northings. The inconsistency
was once more maintained of computing therdinates on the Du Plessis Spheroid while the geographicabamates remained on the Carte de
Frane spheroid. Tables similar to those of Du Plessis were computed for the Lambert projection; they were never used bg,ahe/Aenie

ordinates being rigorously calculated throughout.

The adoption of the Conical Orthomorphic projection, with two stangaralels, marked a distinct advance, though unfortunately it came too late to
be of general use among the Allies during the period of the war.

13. British Surveys in France. Ceordination of French and Belgian Triangulations.

Towards the end of thear, surveys were in progress on the British front having for their object the extension of the new triangulation sders to re
it available along our whole front. Had the war continued stationary any longer, these surveys would have greatly stremgkinemdedge of
position.

Towards the end of the war also, when the prospect of an advance along the Belgian frontier became more obvious, itbeeaptndingly

greater importance to-4examine the nature of the increasing discrepancy betweémntiizides of Belgium and those of the old survey of France as
we moved eastwards. There appeared to be no hope of carrying new surveys forward with sufficient rapidity to mainteicaftecti with our
advancing forces. The only possible means ofavipng the positions of the old triangulation was to make use of the new parallel of Paris for the
recomputation of the old meridian of Sedan. To explain the method some preliminary remarks are necessary.

14. Discrepancies between France and Belgium.

TheF ench had prepared useful AR®pertoireso of the tri dgihenFoencht ri c al
1:80,000 and the Belgian 1:40,000 map. It may here be remarked that an alphabetical arrangement would havedvaksinmpigmnand better
adapted to general requirements. The R®pertoire f orweBmbkgfiloagtudgsoi n
only, for the change of latitude was nearly constant at about 1 .7". The longitealirections were given according to sheets of the Belgian map. In
Diagram 2 these corrections are shown as a stepped commortpBelgiamm k e d
and France showed t motn tPloe ndwsr, Wwe oha wkhe d hii @@m by any means all ar
change of longitude from point to poina change which at Bouillon amounted to about 20 metres. Beyond Bouillon there was no means of
comparison except throughe roundabout method of employing the German triangulation as a connecting link, which we shall consider later.

It is obvious that the use of the stepped line of the Belgian Repertoire would have led to serious inconveniences. &hireheiveéz and Ridllon

the change of sheet would have produced an abrupt jump of about 8 metres in easting from one Belgian map to anotheithEcBedgias points

to the Lambert system it therefore appeared that the Belgian longitudes should be changed actiediay&s of the longitudinal difference
indicated by the curve marked ACommon Points, 0 pr ovsympatywithttet t he
older French values.

The change, however, between Kemmel and Boudloounted to about 20 metres, and the discrepancy was more likely to be due to error in the old
French rather than in the later Belgian triangulation; we have seen that the mean square error of a measured angiarinttf@nguilation in
Belgumwas#) . 89", whereas in the main body of the old French spibleitaonar y
correct the old French triangulation before attempting to force the Belgian triangulation into false sympathy evithtfits \chlues.

15. Method of Reduction of Discrepancies.

The only possible means of carrying out this design lay in bringing the old meridian of Sedan, containing Bouillon aalgténtinto sympathy
with the new triangulation of France along treatel of Paris, in exactly the same way as the French Admiralty had dealt with the old Amiens
parallel as far as Dieppe; that is. by computing new positions for the old points by utilising the new length and azijunttion line and the new
positins of its extremities, referred to the Carte de France ellipsoid, and thempeiting the triangles, using the old angles. The only flaw in this
method might have arisen from the fact that the French, in changing the new positions into the old, tied tleglehange of scale and the change
of azimuth at the common origin on the Pantheon. As far as the scale was concezoeghutatiomorthwardsfrom the new Parallel of Paris to
Bouillon would have made very little change in thegitudeof the later; and in regard to the azimuth, the fact that the latitudes of the two surveys
had an almost constant difference along the frontier indicated that the azimuths were in fair agreement.

If longitudes are reckoned positively westwards, in order to conedgidh longitudes to old French, Diagram 2 shows that at Cassel we must deduct
292588.6" and at Bouillon 29585.6". [NB original text says 2%585.6", should possibly b& 2585.6"]. This proves that between Cassel and

Bouillon the longitudinal widttof the old French triangulation is 3 centesimal seconds less than that of the Belgian. The difference of longitude
between the two points being%p, the difference could be accounted for on the supposition that the French longitudinal scale waslgo smal
about the order of 1/10,000; which so far as it goes is an indication in the same sense as the difference betweemthe Bleacid bases.

All the conditions, except perhaps the nearly constant latitudinal difference, seem to point to asdal¢hersame sense. Thus, on the former
FranceGerman frontier near Donon and Bressoir, 4° 50" or abfoliest of Paris, the new French longitude, reduced by table, indicated that Paris
was 20° 00" 10.17" east of the German origin in the island ob Rehile the old triangulation gave 20° 00' 10.80" for the same longitude. The
difference, 0.63" = 2", represents a difference in scale of 1/27,000, the old French arc being again too small. Assamiginage are therefore
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justified in supposing tit between one third and two fifths of the discrepancy at Bodiltbat is, from seven to eight metdess due to the defect of
scale of the old triangulation. Is this supported by theoraputation of the old meridian of Sedan of which we have previspslyen?

16. Result on French Longitude of R&omputation of old Meridian of Sedan.

In Diagram 3 there is shown this meridinal arc of Sedan together with the Parallel of Amiens. Bassu and Longevilleifierivetinesbn the Parallel

of Paris and the Meridh of Sedan. Now, unfortunately, as had so frequently happened in other cases, the old and new stations at Bassu, though
greatly different, were apparently not the same. To determine a new value for the old position of Bassu, there wasdheagfufravoiding a re
computation of the positions of common stations further south. Here again the old difficulty presented itself; Chasszsitmurt! to have

changed its position. Fortunately Montiers, St. Antoine and Sempuis were found sound. Bhdipdisitions of Chassericourt and Bassu were
computed in the new terms, and thence the old arc was recomputed step by step northwards to Bouillon. The result aezstheifceach

longitude of Bouillon by about eight metres, almost the same assthié géthe rough scale compensation reached above.

17. Adjustment of Parallel of Amiens.

The old parallel of Amiens was now treated in the same way, the new positions of the former points at Villers BretommsuandliNoirtrou being
worked up befordurther progress was possible. The points of this parallel were then adjusted to the new position of Bouillon and bdeatine stan
points for correcting the eordinates of the lower order points in their vicinity. The corrections to these latter werebfoweityhting inversely to

their distances from the standard points the corrections to at least two and commonly four of the standard points around them

These computations were in progress at the end of the war, but owing to the rapidity of the Géapsswete not put into general use.

The new position of Bouillon gave a new curve mar ke dnpoimstdorirggr a m
them into harmony with the French longitudes.

18. Surveys of Eastern Francand Belgium Connected Through Germany.

The link through Germany between the Belgian and the French triangulations was much too long to permit of any realctmblesicawn from

it. Nevertheless in itself it is interesting as showing that, thoughdahout, it at least exhibits no startling discrepancies. At Ubagsberg (on the
BelgianDut ch Frontier) and Jal hay we find that German | onginFantes ma)
German Frontier, about a degreelfier east than the Belgderman, we saw that German longitude might be reduced to old French by deducting 20°
00' 20.80". The difference between these twd® 2 ' 5 89.2,583.8", se thak it would appear as if in the extreme east of Belgium the

longitudinal difference between the Belgian and old French triangulations were reduced to about six metres, since weha\bse@rmal

geodetic difference of longitude PaBrussels has been taken &2588.7". But very little weight can be attached to such a result, though it is
interesting to record that apparently the French Ser ebsamecor&®siog.r ap

19. German Surveys in France.

Before leaving France some references must be made to the German Surveys there. The German Survey Sections workedtzecoediag t
occupied by their Armies, so that the survey of one Army area was at first indeperatbt® Each Army had thus an origin of its own; there were
origins south of Paris, in Paris itself, at Rheims, Laon and Lille, together with others on the French portion of e ifnearmation was given on

the maps as to the origins nor the natfrthe projection, but it was possible to form a strong presumption with regard to these. Thus in 1916 it was
known that the projection was almost certainly Cassini, and that the Lille origin was in a position not five feet distidnat firath. The guetion of

the projection was confirmed by captured documents containing pages from Jordan and other German writers. Similatigvedaabyg that the
Germans were using the Carte de France figure, since it was known that they were very puztledd@epancies between their positions and the
French due to the French errors in scale. This was shown by a captured map (1/10,000 Epehy) which had on it French podit@asnafative

to Paris, with various remarks in the margin. The capturepapar showing the cutting lines of the Paris and Lille grids confirmed the question of the
spheroid.

20. Quality of German Surveys in France.

One of the most interesting of the German maps was that showing the area in which the Paris, Lille and iRseneis ghe difficulty in working

in such an area was to a certain extent faced by the preparation of a special map showing a considerable overlappisy lodithewertheless the
German artillerist can scarcely have admired the crazy patchwork.

Apart from the confusion caused by having this variety of trigonometrical grids, the Germans must have found grave disadvainiteying one
uniform system ofnap references a point in an overlapping area could evidently be described in severahtliffayes according to the reference
grid used. There is reason to believe that towards the end of the war they had adopted (or were adopting) the Pptigpgsd<af reference over
the whole of their front, but the evidence on this point is not cehd. If this was the case they would have had one reference grid for thnteont
system (Paris origin), while at the same time they would have had a number of trigonometrical grids for purposes ohc&&¢titese trig. grids
one only (Paris) wdd have agreed with the reference grid, while in all other cases the computers would have had the inconvenience of having a
reference grid which was quite independent of the trigonometrical grid.

It is believed that the position at the close of thews as follows in the northern area :

Two Reference Grids.
Frontline system, with origin in Paris.
L. of C. system, with origin near Antwerp.

Four Trig. Grids.
1. Origin near Antwerp.
2. Origin near Lille.
3. Origin near Paris.
4. Origin near Rheims.

The Laon grid at one time in use had been discarded.

Some documents showing the methods of conversion-ofdinates from one grid system to another were informative, but more interesting were
lists of the ceordinates themselves, showing the values efdifferent Armies on their respective grids. These values were usually contradictory, the
discrepancies being of the order of 5 to 15 metres, though quite a few exceeded the latter figure. In many cases thieysigthebld French
positions workednto the German systems. These lists, then, so far from lending much assistance to us for determining position witlarthe Ger
lines, in many areas merely added to the confusion; at the same time it must be confessed that, had they been captuttezl warliéheir value

would have been enormously enhanced. No doubt on several occasions they had escaped notice amidst the general héthifield.thbese

lists at any rate proved conclusively that the Germans on the front line had no metiteadge of position than the Allies, and that for surveys in

their back areas they were much less infordnednclusions fairly obvious previous to the capture of the confirmatory documents. In brief, they had
failed even more than ourselves to appreclatestipreme value of higtlass surveys in modern warfare.
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21. Superiority of German Beacons.

In one respect German methods were superior to ours; being free to make full use of the timber of the country, they leae3ivitere

constructed proper beaws. Had the positions of these, relative to points in our lines, been known with sufficient accuracy their value to/tide £nem
artillery and Survey Sections would have been vastly greater than it actually was. Nevertheless they were of very emadidetalbhe Germans,

and it was not until our surveyors and battery commanders had actually seen them that they fully realised their advaomgdsw localities they
were replaced by the tall timbbraced towers which have been used in varioustces for national surveys, particularly on prairies and great

plains. The Germans probably used these as much for determining bearing as for more purely surveying purposes. Hadréiee@=geem

slower their beacons would have been of much moreeval their forces.

Section IV. Germany.

1. Triangulation in Prussia and the Rhine Provinces.

The prospect of an advance into Germany, which became clearer in the autumn of 1918, led to the corresponding nesemsityddulty
acquainted with theandition of the triangulation of Germany in general and of the Rhine Provinces in particular. Regarding this, abundant
descriptive material was available; description and actual figures are not, however, one and the same.

The primary triangulation of Pruss including the Rhenish Provinces, was available in London, as were the complete results of this triangulation,
with the exception of four volumes. That all this material was, unknown to the War Office, to be found in the British Ehseotin the Wa
Office itself, at any rate went to indicate that war with Germany was not reckoned as an immediate probability. TheuBetish pdssessed all the
eleven volumes of thdauptdreieckewhich included the primary stations of Prussia, and in additiont @poequal number awischenpunktewith
data for some points of lower orders. It also possessed twenty of the twenty four volumeshoisges Koordinaten und Hoherf the Prussian
Landesaufnahme. We were subsequently able to obtain Vol. XXI. Théndamavere not generally published. The twenty four volumes of the
Abrisse contain the whole of the information necessary for a practical trigonometrical knowledge of Prussia and thevititiee. Pro

For the Rhine Provinces there was, in addition, thadrilation of the Geodetic Institute of Prussia. This triangulation, which included a few
secondary points, extends from Brocken, near Magdeburg, westwards to the Dutch Frontier at Roermond and Ubagsbergraisds®dtivilah
and Lagern in Switzerland.

Besides these triangulations there were to be found a few references to other work and the points of the triangulatlees.tWetame XXI. of

the Abrisse gave all the points in an area east of Coblentz. The Army of the Rhine has since beeron #® pogiplement greatly the knowledge
previously obtainable.

2. Quality of Primary Surveys in Germany.

Some facts may be added to indicate the quality of these triangulations, with which it will be convenient to group somet bitr@rtanentioned.
The following table shows that, with the exception of the old surveys in Bavaria, Baden and Hesse, the primary triasfghtatioea considered,
involving the greater part of Germany, is of a high order of accuracy. With the triangulatBaden, Wurtemburg and Bavaria the British Army
was not directly concerned, and no great efforts were made to determine how much material was available.

State and Triangulation or Geodesist. Date Number of  Mean Square
Triangles. Error of Angle.
Prussa , East, Bessel 6¢ 183234 29 +0.69
Prussi a, Nort h, Bae 183746 148 .56
Prussia, Landesaufnahme, Period | 183975 367 .54
Prussia, Landesaufnahme, Period Il 187599 205 .37
Prussia, Geodetic Institute 186082 137 77
Nassau, Oderheimer 185363 15 .78
Hesse, Schleiermacher & Eckhardt 180840 15 1.22
Baden, Tulla, Klose & Rheiner 181650 86 1.59
Wurtemburg, Bohnenberger 181830 6 .87
Wurtemburg, Baur, Schoder and Hammer 187291 6 A7
Bavaria,Soldner, v Orif and v Bauernfeind 180454 339 1.78
Bavaria, Schwerd 182021 4 .74
180499 1,357 +1.09

3. Projections in Germany.

The Allied Forces were barely interested in the projection systems of Germany, except for a few points for Wattheaangular eordinates

only. The system of the Landesaufnahme is a double projection, the idea of which is due to Gauss. Gauss showed hdieEphtroid might

be projected orthomorphically on the sphere; from the sphere they are then grofeatplane by the now weéthown formulae of the Cylindrical
Orthomorphic, known also as the Gauss Conformal projection. The double projection is not worth thé toeutalily barely worth all the

mathematics that Schreiber spent on its elucidatiothd change from the spheroid to the sphere the error is very slight even at fairly long distances
from the origin; practically all the error occurs, as one would expect, in the change from the sphere to the planectidreipnuieridional, and

therebre most unsuited to Prussia, including the Rhine. At Metz, for example, the lineal error is 1:280, almost sufficientdelsbova map. The
projection is therefore so unsuitable for the country in general that it has had to be supplanted tstéoeslreferred to local origins, and here, no
doubt, we see the explanation of the numerous German origins in France. These local systems are in general Cassire, thet @&usa

Conformal in Hannover and the Conical Orthomorphic in Mecklenburg, hialt boasts of a Transverse Cylindrical Orthomorphic projection.

4. Co-ordination of French and German Triangulations.

The geographical cordinates, when obtainable, were used in all cases for the purpose of transforming from the German to th€dwzinghert
Orthomorphic projection of the new French map. The Germans had adjusted the connections of their triangulation botbenatidFBafgium;
consequently it was easy to compare common points. There were four points in common with the newffRaaeM/hen these French points
were reduced to the old origin and the old spheroid in the manner previously described the following differences weke obtaine

Latitude: GermasFrench +1.43"
Longitude: Germatfrench +20° 00' 10.17"



The largdongitudinal difference arises from the fact that the Germans reckon their longitudes from some position in or neat ¢fi¢&esianin the
Canaries, which is conventionally considered by them to be 31° west of Rauenburg, the origin of the Priessiaft®ystrench formerly had taken
Ferro 20° west of Paris; the origin is now, of course, of mere historic interest, having been adopted mediaevallyhe dastiEr and western
hemispheres.

Since the old French survey included the Meridian of Strgsbuhlsacelorraine, there are many points in common between the survey of Germany
and the old survey of France. As a result of the comparison of 9 of these points, we found that at the (187G fremctrontier (near Donon and
Bressoir) the differeres were

Latitude: GermasFrench +1.25"
Longitude: Germatfrench +20° 00' 10.80"

As the conversion of the new triangulation of France to an obsolete spheroid could be considered as only a temporangcesagated by the
exigencies of warnd as the German points in Alsdaaraine will some day be included in the new triangulation, it seemed, on the whole, desirable
to employ the comparison between the German triangulation and the old parallel of Paris, more especially as the distregganthetold and the

new converted French values is not very serious. As a result there is no change on the French map as one crossed tieeRrentierthemselves
suggested A 20A 00" 11" o and wer e foljowingtae olderiFierich notg, adomted andewep 20°. o ur v a

The German geographical-codinates are projected on the Bessel spheroid; had we neglected the change of scale and azimuth, it would not have
been difficult to have drawn up a table for conversiomftbe Bessel spheroid to that of the Carte de France, just as the French had changed to the
Carte de France from the Clarke (1880) spheroid. But on bearing in mind the fact that French geographicals are oretheaBaetevehile the

Lambert rectangularare on the Du Plessis spheroid, and that the whole adjustment is so provisional, it was considered that works ofisapereroga
were hardly consistent with warfare; accordingly, Bessel geographicals were accepted as they stood and convertedhteyktefréyoneans of

the figures given in the second place above.

5. Coordination of Belgian and German Triangulations.
The comparison between German and Belgian geographicals gave the following results

Latitude: GermanBelgian +1.71"
Longitude: Germa Belgian +22° 02' 09.23"

It has already been shown that the longitudinal difference is in very fair agreement with the geodetic difference ttedeatipeBelg@erman
frontier between Paris Observatory and the old Brussels origin. As forithdéatve find:

Latitude: FrenckBelgian =+ 0.46" =+ 1.4™

Since on the FraneBelgian frontier we saw that old French latitudes were constantly greater than Belgian by 1.7" we have here another excellent
agreement. Indeed, these figures not only lgaiht to the old French latitudes, but to the Belgian and German triangulations in addition. Had the
latter been reduced to the Carte de France spheroid, it would have been possible to make comparisons of much moevealas.iBist the other
agrements are so good that the longitudinal difference between old France and Belgium in the neighbourhood of Bouillonnsesrsithesing.

Section VO Work In The Field.

1. The First Surveys.

The first surveys in the field were carried out by Renging and Survey Section. As already explained in Part |., the work was confined to France,
and to the area not covered by Plans Directeurs, the Belgian maps and French Plans Directeurs being at that timesafficiptety accurate.

The area dealtith lay between Wormhoudt and Bethune. It was not foreseen at that date how greatly the area to be surveyed wouhbineasase,
it possible to anticipate the many complications that would arise owing to artillery needs and the discordancesrbtita Rigmnich surveys and in
their junction with others. Much of the knowledge that should have been in our possession from the outset was onlyegaim@ctényng these
difficulties.

Information on which to base the first survey was demanded from thie&S&éographique and from the War Office. The former supplied
geographical c@rdinates, which included various errors of position or transcription. The latter gave information as to the figure empleyed
Belgian Survey (of which ours was to be ateasion), the origin, etc., but this proved later to be erroneous.

In spite of these initial difficulties the R. & S. Section covered the area in question with

a system of spheroidal @rdinates which was sufficiently good for the purpose and which

introduced no plottable errors.

2. Subsequent Divergencies of Method.

On the formation of Armies, survey was carried on in each Army area under an independent control. It was then thatedivéngeticod began,
the effect of which, though not immediatelgparent, caused great difficulties and much waste of time and efforts at a later date.

In the first place the Army Topographical Sections discarded the spheroidal system and started plane systems.

In the second place the Survey officers of each Army ghdissatisfied with results as they found them, recomputed all points in their areas, with
differences of method according to their several ideas.

The result of these divergent and independent methods was that there were discordances at the junttieeamad e Armies (as, for example, 7
metres between First and Second); that whenever an Army changed its area all values had to be recomputed; and tieatdllesseunascessary
work in trying to make a plane rectangular system fit either a sphe@r®onne projection.

Though it gradually became apparent that many difficulties were arising as survey work extended, there was no oné anGhd.Qafvho had
either the time or the expert knowledge to deal with these questions as a whole reisd exentrol on the mathematical side. It was not until the
last year of the war that a trained geodesist was added to the staff through the medium of the Depot Battalion. Haciebbeeartier many of
the troubles that arose would have beericech

3. Lessons of Experience.

The lessons to be drawn from the above experience are evidently that the study of the geodetic problems of a courdcg$sarygart of the
preparation for war. Such a study should be carried on in peace timetfaattes where modern warfare is likely or possible, so that all data and
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necessary information should be ready to hand when required. The Geographical Section of the General Staff shouldtbeceadstevgeodetic
information on the outbreak of wamd in addition to this, the Survey staff in the field should include a competent geodesist with a small staff to des
with all geodetic questions as affected by local conditions and needs, and to advise on and control mathematical ad éstinitisteasuch survey

work as is required by the general situation as apart from the local and special needs of Armies.

As an example of the need for this provision, the experience of 1915, when survey in the field was begun, may be gqsatedeksary foné

preliminary calculations to know the position of the Belgian origin, its longitude from Paris, and the Belgian and Fuendi tiig earth. Accurate
information on these points was not forthcoming, simply because it had never been realised #ssestietly geodetic information could have any
possible military value. Had the information been available at once, it would have saved a large amount of labour ahé figid.in

Again, with regard to the utilisation of the new triangulation of Fegisee 11.3) a competent geodesist on the staff at G.H.Q. would have realised the
necessity for pushing up a first class survey from behind from the earliest possible moment. It should be mentionad thafgested by Colonel

C. F. Close, Director Gemal of the Ordnance Survey, that a primary chain of triangulation should be observed along the front. The suggestion wa:
considered, but though it was thought desirable it was not held to be essential, and as it would have involved the eafldglitedl personnel

it was decided (erroneously as later experience proved) not to carry it out. There is little reason to doubt that hsidt dbgendn the staff at the

time, able to devote all his time to the consideration of the complicated questiolved, the matter would have been viewed in a different light.

Note 1 6 The Old Bases in France.

It was considered by Delambre that the base of Melun reproduced itself through the triangulation on the base of Parpapranaoy of about
onethird of a metre. When, however, the meridian of Fontainbleau was subsequently measured, it was seen that the connectioridahdeen Pa
Bourges was not so good as had been expected from the old arc. The connection via Fontainbleau considerably resocedrtbe lbetween the
Melun and Bordeaux bases, but on the other hand that between Melun and Perpignan was greatly increased; in factf therfggigtim @omputed
from Melun through the meridian of Fontainbleau was found to be 1.8 metres greatts ldvagth as measured on the ground. Discordances of this
nature, if not this amount, are of common occurrence in the general surveys of countries.

Note 20 The OIld Azimuths in France.

After recomputations the discordances betweemstnomically observed and geodetically computed azimuths of the old meridian of France were
found to be as follows

Station Point Az. observed| Az. 0o=C
Observed computed

Dunkirk Watten 25| 19| 421 36.3 +5.8

Pantheon Belle-Assise | 274 | 47 | 54.0 54.0 -

Bourges Dun-le-Roi 329 | 10| 413 73.6 -32.3

Carcassonne| Nore 201 | 18 | 58.0 97.8 -39.8

The reality of a rapid growth of discordance between Paris and Bourges is supported by the facts adduced by Combissahgnahich have
been condensed in Note 1. The northern portion of the arc seems undoubtedly to have been the best.

Note 30 Spheroids of Reference.

The old standard of length in France before the Revolution wa®tke of Peruwhich accordingtoecov ent i on cont ai ned 864
Metre, declared by the Decree of 1791 to be thenilllonth part of the meridian quadrant, was provisionally assumed to have a length of 443.44
Paris lines. The meridian of Dunkirk was measured primarily witlew w determine the correct length of the metre. By combining the arcs of
Dunkirk and Equador, the then Commission of Weights and Measures arrived at a value for the metre of 443.296 Paré&tdiloesofstructed in
platinum as nearly as possibleequat o t hi s [ ength, which was described as t heMefiet rue
of the Archiveslt was supposed to have a length at 0° Centigrade, which bore to the length of the Toise of Peru at 13° Reaumur (hel 646 C.)
443,296 : 864. In terms of the Metre of the Archives accordingly the meridian quadrant was 10,000,000 metres in lergtimiEs®g in

deciding on this measure had assumed the ellipticity to be 1:334.

Delambre himself subsequently discovesethe small errors, both in his own calculations and in those of Bouguer and Lacondamine on the Peruviz
Arc. The revision resulted in a length for the metre at 0° C. of 443,328 Paris linetaldrdhaving already been constructed, Delambre had to say
that the meridian quadrant contained 10,000,724 metres of the archives.

A Royal Commission in 1820 decided that an ellipticity of 1 : 308.64, derived again from the measures in France and|Bére aslopted for the
spheroid on which the new map of Fecarwas to be plotted. Among other resolutions this Commission adopted the decimal division of the quadrant
Du Plessis went back to the old values of 1 : 334 for the ellipticity amdillion metres for the quadrant; but Puissant, rightly clinging to an

dlipticity of 1 : 308.64, modified the Du Plessis spheroid accordingly. With this emendation, the spheroid became koo &esss Spheroid
Reconstituted.

While the spheroid of the Carte de France was used for all purposes in Belgium, in Frasceséavfor the geographicatealinates only; the
rectangular cerdinates are plotted in France on the Du Plessis Reconstituted Spheroid.

The principal dimensions of the various spheroids in use on the Western Front are as follows

Spheroid of Major Semiaxis Reciprocal of b? Meridian
Refererce metres Ellipticity —  or (1) Quadrant metres
Carte de France 6,376,985 308.64 0.9935 3045 10,000,724
Logarithms 6.8046 15395 7.5105 4779 9.9971 81185

Du Plessis 6,376,523.3 308.64 0.9935 3045 10,000,000
Reconstituted

Logarithms 6.8045 83951 7.5105 4779 9.9971 81185

Bessel 6,377,397.5 299.153 0.9933 2563 10,000,856
Logarithms 6.8046 43464 7.5241 0691 9.9970 9164
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Clarke (1880) 6,378,249.2 293.465 0.9931 9650 10,001,869
Logarithms 6.8047 01484 7.5324 4369 9.9970 3518

Generators Of Tangent Cone.
Bonne Projection Lat. 56 Ro= 5,285,661.44 metres.
Lambert Projection | Lat. 5% Ro= 5,453,601.7 metres.

Appendix II.

Levels.

1. Importance Of Subject.

The question of accurate heights and contours became of increasing importance as the war progressed, and accuratemahedscaogue.

Large scale maps for Atrtillery use lost half their value ifdbetours did not show heights and ground forms accurately; and with the development of
observation for ranging, and especially of rangingoddrur st s, this point was accentuated. The
Engineers, whose workdfuded accurate levelling for drainage and inundation purposes, and had frequently to be based on, or checked by, the lo
bench marks.

The basis of the heights and contours on the maps being the levelling systems of the country, this led to alomeéstigst systems, and it was

found that there were several existing, which differed from each other and all of which were not equally reliable.

The available information was collected and émbaddiredeirm &rfamrcm ¢
which may be referred to for details. It will be sufficient here to recapitulate shortly the different level systemseia ti@perations.

2. Levelling Systems in France and Belgium.

France.

Nivellement Général (Syste Lammemand) modern system of the first order, extending all over France.
Nivellement Général (Systeme Bourdalo#e) older system, with errors which vary according to the locality, and which in Northern France gives
heights nearly a metre too grelatalso extends all over France.

Belgium.
Nivellement Général de Precisiof first order system, but consisting only of a few main lines of levels.
Nivellement Général du Royaume de la Belgiguel so cal |l ed fiDep!t de |l a Guerreo or AEtat M

country, and on which the topographical maps are based. It is believed to be good, but as it has no bench marks dassetbabe precise
system.
Fontset ChausséeSaid to be accurate and to have bench marks, but covers a small area only in the neighbourhood of the coast and Bruges.

3. Necessity for Study.

All the above systems, apart from any errors which they may contain, are based on diffenemtodats; which must be studied before the levels can
be utilised and corpared. Besides these systems there are various supplementary bench marks and systems; while tide rise is refereed to a differ
datum for apparently every French port.

It is evidentthen that before levelling systems and records of the country could be used for accurate work an intimate study wde epbted,
comparisons to be made, errors estimated, the relation between sea and land heights established, etc. This Iséueytbadeo to the maps of the
country to determine the value of the levels and contours shown thereon.

The method by which maps of forward areas, which could not be surveyed on the ground, were contoured has been deddrib@daptBal. As
mentbned there, the lines of levels of the French systems, though valuable as a control, afforded little help in deternnidifayrgsyas they are
confined almost entirely to roads, canals and railways.

Appendix IlI.

Map References.

1. Early History.

The need for some means of describing the positions of points simply and accurately first arose during the battle qfahd thismeaps then in

use (if 1/80,000 and reproductions of the new 1/50,000) were in a few cases overprinted for this purpsoselivgtiuares covering a portion of the
sheet. The production of 1/20,000 maps (enlarged from 1/80,000) was being taken up at that time, and it was decidedhemrategular

system of squares. The method of describing positions within a squeseoldinates measured in tenth parts of a side was suggested b&8nig.
Fanshawe, R.A.; it was adopted and came into universal use. The system of designation of squares was that with wroehgeeena iy familiar,
namely to describe a large sgear rectangle of 5,000 to 6,000 yard side by a letter; a 1,000 yard square by a number; and the four quarters of the
1,000 yard square by the small letters a, b, c, d.

The size of the squares was the subject of some discussion with the Artillery. éffickes consulted were insistent on the need for squares
measured in yards. It was not sufficiently realised that the square is a means of location, not of measurement, sind thétésefore immaterial.

The 1,000 yard square was adopted, howewigh the result that the grid did not fit the sheets, whose dimensions were in metres.

2. Relation between Map Reference and Survey Gardinates.

The use of rectangular @rdinates began at the same time that the practice was adopted of identifyingpe by fAmap referencce
method of measurement, instead of by topographical description. The two are not necessarily the same.
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Rectangular cardinates are used for the absolutely precise definition of position of points, such as tegg@mabistations or artillery positions or
targets. It is necessary to be able to calculate distance and bearing between such points, and they are therefoesrfieetbbgtitar cordinates
measured east and north* from a common origin.

Map referene is some system whereby the position of a point may be described simply and quickly with sufficient accuracy for thef purpose
report, of communication between aeroplane and battery, or of similar requirements. It does not necessarily providesatieninfbereby distance
and bearing may be calculated either exactly or approximately, and it is not necessary that it should do so, thougnierg.dearther it is not
necessary that the reference system should be on the same basis -@sdhetecsystem. It is most desirable that it should be, and it will be shown
that many disadvantages result if it is not; but it is not essential. The British reference system for example wageuitermads the survey €o
ordinate system, and it is beli@/that the same was the case with some of the German Armies (see Appendix I).

The reason why it is desirable that the system of map reference should be based on the system obsdivaiespand not independent of it, is that
the conversion from on@ifm of description to another has constantly to be done. For example, a target is reported from the trenches to a Battery
Commander by its fimap positiono; the Battery Command elapposibryto wi s h
survey ceordinates. Again, the position of a bearing picket is given by a F.S.B. byadtslt@tes; the Battery Commander wishes to mention it in a
report, or give an N.C.O. instructions about it, and he must convert-hreioates to map pogin.

* Co-ordinates may, of course, be measured in any direction, but it is usual in military systems to place the origin wellite\wess to avoid any
possibility of having negative emrdinates, i.e., c@rdinates measured west or south.

If the reference system is quite independent of the surveydioates, this conversion is a comparatively laborious matter; the position must be put
down on the map, and the description on the other system measured. This involves time, worry, and increasgicedmanThis is what had

always to be done with the British system, and many officers must have had ample experience of the resulting disadvahtagteer®and if the
reference system is based directly on the survey system, so that the maeefea modification or abbreviation of the description by survey co
ordinates, the conversion from one to the other is easy and rapid, and the chance of mistakes is reduced.

3. British System.
The essential features of the British referesyegiem (by which is meant the system used by us on the Western Front) axe :

(a) That it is based on tisheet.
(b) That the location depends suabdivisionof squares (or rectangles).
(c) That a grid based on yards is applied to metric sheets.

(a) Sheet Basis.

(a) Taking the sheet as the basis of the reference system is not necessarily a disadvantage. It has some conveniegtcesnvdys shdefinite area
of locality, and the knowledge that a point is situated in Sheet 28A gives you a cteat @iee of its approximate position.

On the other hand it is better not to be too much bound by the idea of the sheet. A regular series of sheets is a cbovenigreceonvenience.
Operations take place in areas which have no definite relati&retgis. For this reason at is often necessary to make up special sheets, to suit the are
concerned. In such a special sheet the arrangement of the squares is upset and it becomes evident that it is betterto goponear e s i n on
areas onlyand have them independent of sheets.

This point is referred to again in para. 5 (d).

(b) Location by SukDivision.

(b) The methodof locating by suldlivision of squares is of considerable importance. By this expression is meant the location ofispeitiih a
large square, then within a smaller square in that large square, and finally idigisioln of that small square. Thus we speak of a point as being in
A.25b, narrowing the location with each successive letter or figure denoting a square.

Now this method is based on a principle which is totally different from that-ofdinates measured from a common origin, and this means that our
method of map reference could never be made to agree with the ssweiraie system. There is no sortrelation between the two, and
conversion must always be done by plotting the position on one system, and measuring again on the other.

It should be noted that this has nothing whatever to do with the size of square adopted. Had we used kilometemdqeirered to the same
method of locating by subivision, precisely the same difficulty would have occurred.

The final location of a point is of course effected in the British system by measwandinates within the smallest square; but that do¢sffect
the principle described above.

(c) Misfit of Grid.

(c) The adoption of 1,000 yd. squares meant that the British grid could not fit the size of sheet we had adopted, \Wwhiobf tesBelgian series. If

a grid of 1,000 yd. squares be drawmsyetrically on a 1/40,000 sheet (measuring 32 x 20 km.), i.e., with its central point coinciding with the centra
point of the sheet, it will be found to project almost exactly 500 yds. on the east and west edges, and about 61 ydghanthsoutBy

dropping one row of 500 yds. squares on east and west, we can make the grid coincide on these edges; and this is ehiatwilbsaleaen on
examination of a 1 /40,000 sheet that only-ba# of the 1,000 yd. squares on the western and eastges agpears, consisting in the former case of
the quarters b and d, and in the latter of a and c. On the northern and southern edges however the grid projectsap\etgbdgiseme 61 yds.

This misfit or projection of the grid is a serious disadagat It is always puzzling to the uninitiated; it leads to mistakes in giving references; and it
raises various difficulties, such for example as in the preparation of Artillery boards, mentioned in Pt. II.

This disadvantage it will be noted is dughe size of square adopted, together with the fact that the grid is based on the sheet; and has nothing to c
with the principle of reference described in (b).

4. French System.
The essential features of the French reference system aré that :

(a) It isbased on a grid which extends continuously over the whole area of operations, and
(b) The reference is an abbreviated form of the surveydimates.

It is thus independent of sheets, and the transition from trigrdinates to map reference, or viarsa, is simple and easy.
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The French used figures (abbreviateebedinates) for their map references. Thus a point was denoted always by four figures, as 3287. This involve
an assumption as to the area in question (which could only be denoted bytlgdvinll coordinates). The assumption was practically always

obvious, as the only mistake likely to occur was confusion with a point at least ten kilometres away. It is believechthatrthappened. But when

the French system was adopted by the Alfar use throughout the Western Front it was agreed to den&tdi@tre squares by a letter, so that the
French fousfigure reference became A 3287. This small addition was a precaution against errors which the practical experiencecbf tiael Fre
possibly shown to be unnecessary. However, it was generally agreed to be sound, and the French themselves raised kiditbljestietter

added, the only confusion that could arise would be with a point of similardaoates at least 50 kilometresay® a most unlikely contingency.

The system, with this change, is described in the following paragraph.

5. Allied System.

In the following description of the system of map reference adopted by the Allies on the Western Front metric unitseheeasarsed
throughout, because these were actually used, and the decimal division is necessary. But it should be understoad ithaniy isay essential that
kilometre squares should be used in this system. One thousand yard squares would do justrakifaebrdinates are measured in yards the
sguares must be in yards. The point of the system is that whatevér ongitses, yards or fe@t are used for the rectangularomdinates, the
dimensions of the grid squares (for map reference) must be soltiglerof 10 of the same unit. Actually 1,000 is the most convenient Size.

Description.

(a) Grid.

(a) The area of operations is covered with a continuous network of lines forming squares of one kilometre (1,000 méthes nsitteork is called
theigrid. o The | ines are drawn parallel to figrido noriodfitheaettdngan st ,
co-ordinates, so that each line is a certain number of kilometres east or north of that origin.

(b) Designaion.

(b) Starting from the origin, every tenth grid line is emphasised. These tenth lines form squatkitoniidife side, and each of these is given a
letter. In a square of SKilometre side there are 25-k@ometre squares denoted by 25 lettersZ Aomitting 1.

Each kilometre square is given a tfigure number, which represents theardinates of its S.W. corner in kilometres, measured from the S.W.
corner of the largéettered square.

Thus squares are known as follows

Large (10kilometre) squareby a letted A.
Small (Xkilometre) squares by a numBet9.

These letters and numbers are printed on the map. Along the margin of the map are printed also numbers which repstser# th&ithmetres of
each grid line east or north of tbagin. Every tenth line has this number in full, while the intervening lines are numbered one to nine (see Figs. 1 ar
2).

Fig. 1. Fig. 2.

(c) Description of a Point.
(c) The position of a point is described by itsardinates in the largettered square.

Fig. 3.



