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xv. 

INTRODUCTION. 

T HIS account begins with a_ short historical note which deals in chronological order with 
the development of the various branches of the Survey organisation in France during the 
war. The _main portioi:i ?f the history is divided into two parts, with some appendices. 

Part I. deals with ~he Pr~v1S1on of Maps, or what is, strictly speaking, the Engineer side of 
survey; Part II. with Artillery Survey, or the Artillery side. 

Ii:i Part I., _the first ch~pter describes map production up to the point of the finished 
dra,-:mg. Sect101: I. describes the d_evelopment_of the Survey units, from the original Ranging 
Section to the J:"ield Survey Battalions. Section II. deals with survey operations in the 
field, and describ~s the work done and the technical methods employed. Section III. is 
"?ncerned with, the_ indoor work, an~ in this Section the subject of Air Photography in rela­
tion to survey 1s discussed. In Section IV. lessons are drawn from the experience of the 
war. 

Chapter • deals with the map after the finished drawing was handed over for repro· 
duct!on. Section I. treats of the development of the organisation for reproduction, in­
cludmg apparatus as well as personnel. Section II. deals with the technical.side of repro­
duction, and describes the machines, methods and processes used. Section III. deals with 
the whole subject of Map Supply, both from England to France, and in France from G.H.Q. 
to Armies, and from Armies to troops. In Section IV. lessons are drawn for future guidance. 

Part II. is divided into four chapters, each dealing with a certain branch of Artillery 
Survey. Chapter I describes the origin and growth of the work of surveying, and giving 
line to our own batteries, being subdivided into two Sections dealing respectively with Battery 
Survey and Artillery Boards. Chapter 2 treats of Cross Observation (or Flash Spotting, 
as it is popularly termed), Section I. relating the growth of the Observation units; Section II. 
describing the technical methods employed; and Section III. 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 
deductions. Finally, in Chapter 4 an account is given of the compilation and co-ordina­
tion 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 principle 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 not 
always been possible to do this, for the history of technical units is often. inseparable from 
the history of their technical work. Hence a certain amount of overlapping and repetition 
has been unavoidable. It is, however, believed that this principle is sound, and will enable 
the history of the development of the whole organisation to be more clear! y followed. 

The Appendices deal with various subjects which are more conveniently treated there 
than in the body of the historical account. Technical survey questions are th_e subject. of 
I. (The Geodetic Problem), II. (Levels), and III. (Map References). Appendix IV. gives 
the syllabus of the various courses of instruction given at G.H.Q., as a record for future 
reference. Appendix VI. gives the history of Screen Calibration, an interesting devel_op­
ment of the war, but only connected with survey by the fact that it was the Survey orgamsa­
tion which developed it. Appendix VII. gives an account of the use of panoramas (photo­
graphic and hand drawn) in the war; and Appendix VIII. contains a shor_t descr\ptio_n of 
the survey organisation in the American, Belgian, French and German Armies, which 1s 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 will be found deductions and lessons for the futu~e, in the 
particular subject dealt with, drawn from the experience of the war. The more important 
of these may conveniently be summarised here. 



xvi. INTRODUCTION. 

ENGINEER SURVEY. 

Survty.-Survey is a nec-essary part of modern warfare, and every body of troops which 
takes the field should include a proper proportion of survey units. 

Accurate survey is the basis of all map production and of the fixing of positions both 
on our own and on the enemy's side -0f the line. Consequently there should be one recog­
nised authority on technical survey questions, and that should be the staff responsible for the 
fundamental survey; that is to say, the R.E. Survey Staff. 

Geodesy.-Geodetic study and research is of prime importance,.and should be provided 
for both in peace and war. 

Air Photography.-Air photography is of fundamental importance to survey in war. A 
clear policy should be laid down for co-operation between airmen and surveyors, and research 
should be carried on in the development of methods and apparatus, for use both in the air 
and on the ground. 

R,production.-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 be mobile. Provision must be made for cameras adequate for the largest 
size of plate to be used. 

Nap Supply.-Troops should carry few maps on the person; mobile reserves should be 
carried close at hand. Transport for supply must be ample. 

For European warfare, while a map on 1/100,000 scale is sufficient for marching, a 
map on the scale of at least r / 50,000 is required for fighting. 

ARTILLERY SURVEY. 

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

Observation.-Observation units (Observation Groups and Sound Ranging Sections) must 
be self-contained, mobile, adequate in personnel and transport, and commanded from the 
Corps or similar formation. 

Research in methods and apparahjs must be carried on in peace and improvements con­
tinually sought. 

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

GENERAL. 

S":'vey units (whet~er ";rtillery or Engineer) form a very small percentage of any force, 
but thelf eff~ct_ on operations JS great and out of all proportion to the nur!)bers involved. 

. Hence '! JS false economy to starve this service. By so doing the technical service is 
cnppl_ed, while the numbers added to the fighting line are negligible and often of unsuitable 
matenal. 

GEOGRAPHICAL SECTION, 

GENERAL STAFF, 

WAR OFFICE. 

O,to/Jer, z920. 



REPORT ON SURVEY ON 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 Sub-section of the General Staff, known officially as 
I. (c), but more commonly as "Maps, G.H.Q.," and consisting of one officer 

(G.S.O . .,) and a clerk; on the L. of C. there was one officer and a clerk; and divided 
between L. of C. and the Army was the Printing Company, R.E. The Printing Company 
was organised as a H.Q. Section for work on the L. of C. and small mobile sections for 
work with Corps (which at that date consisted of two Divisions). 

The Topographical Sub-section, or Maps, G.H.Q., as it will hereafter be called, was 
augmented in the first month of the war by one clerk and a box-car. The L. of C. Map Section 
was increased before the end of 1914 to five clerks and storekeepers, and a map depot estab­
lished, first at Abbeville and later at Rouen. The Printing Company was, with the exception 
of a small letterpress printing section, which was left on 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 for large-scale maps having become 
apparent, advantage was. taken of the presence in France of the 1st Ranging Section, con­
sisting of one officer and four other ranks, all expert surveyors, to start survey work in the 
field. The Section was augment~d hy topographers obtained from the Ordnance Survey, and 
others from Field Companies and other R.E. units in France, and was finally, in April, 1915, 
attached to Maps, G.H.Q., as the 1st Ranging and Survey Section, which became responsible 
for survey in the field for the whole Expeditionary Force. 

In March, 1915, a" Maps and Printing Section," consisting of an officer, a small staff, 
and a detachment of the Printing Company, was formed for each of the two Armies then in 
being. _ 

' In the autumn of 1915 the personnel of the Ranging and Survey Section was divided into 
three, forming " Topographical Sections " for the First, Second and the newly-formed Third 
Army . . These Sections inchided the "Maps and Printing Sections" above mentioned. 

In the meantime the problem of fixing the positions of enemy batteries by cross observa­
tion had been taken up in various ways, and the system 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 as Sound Ranging) was being developed. The first British Section was 
formed in November, r 9 r 5. 

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

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

With the continued increase of the British Forces, and of the front and area to be dealt 
with -the need began to he felt of a small organisation with each Corps to provide for local 
mapping needs. Consequently Corps Topographical Sections were authorised in February, 
1917. These Sections formed a part of the Field Survey Company of the Army to which 
the Corps belonged. 

B 



As the work of the Survey units expanded it became neces~ary to make pr':'v1s10n for 
instruction and training. The Experimental Sound-Ranging Section was fo"?ed m August, 
19 ,6, and transferred from the front to G.H.Q. in March, 1917. At the same time the nucle!1s 
of a workshop for the maintenance of Sound-R~ging appara_tus was coll~cted. In Apnl, 
1917, the School of Instruction for Flash Observation, fo~med m the 3rd _Freid Survey Com­
pany, was taken over by G.H.Q. To co-ordinate these umts and_to superintend g:nerally the 
training and supply of personnel for the Field Survey Compames, the Depot 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 work necessitated further increases in establishment. The first 
of these was authorised in December, 1916, when the establishment of the Field Survey 
Companies was considerably enlarged. 

In September, r917, proposals were made for the conversion of the Field Survey Com­
panies into Field Survey Battalions, with Lieutenant-Colonels in command, and these were 
authorised in the following August. Further proposals for enlarging the establishment were 
made, but the military situation in the early part of 1918 rendered any increase impossible. 
This was the situation at the termination of hostilities in November. 

In the meantime the establishment of Maps, G.H.Q., had been altered and increased 
to meet the growing needs of the situation. The officer in charge was advanced to G.S.O., 
:nd grade, in March, 1915, and again, in May, 1917, to G.S.O., 1st grade, 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, 1918, by the following attached officers:-
1 Lieutenant-Colonel (Technical Assistant), 2 Majors (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 the Base suppiy was thereafter in charge of a Warrant Officer. A 
iarge Base Depot was estahlished at Rouen, with an advanced depot at Abbeville. Subse­
quently, on the reorganisation of the L. of C. into L. of C., North and South, a depot for the 
Northern system of supply was formed at Calais, while 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 Detac~ents ha':'ing later been absorb7d !nto the Field Survey Companies, remained 
as a s~parate unit _responsible for letterpress prmtmg and map reproduction for G.H.Q. Its 
estabhshm:nt was_ mcreased on thr!"' _occasions. On the formation of the Depot Field Survey 
~omp~y m Apnl;, 1917, the Prm~mg Company was_ absorbed into th:it unit, becoming a 
. Prmting Section ; on the f?rmal!on of the Depot ~1eld Survey Battahon ( 1918) the Print­
mg Company was restored to its former status of an mdependent unit. 



PART I. 

PROVISION OF MAPS. 



CHAPTER l. 

MAP PRODUCTION. 

SECTION 1.-DEVELOPMENT OF SURVEY UNITS. 

1. Provision with the Expeditionary Force. 
The organisation for map provision with the original Expeditionary Force consisted of 

the Topographical Sub-section, General Staff, I. (c), which included one officer (G.S.O. J) 
and a clerk; an officer and clerk attached to H.Q., L. of C., to look after reserve supplies· 
and the Printing Company, R. E., for reproduction. The scheme was based on the needs of 
a very small force operating in favourable conditions, and on the supph of nothing but 
small scale maps, produced in England. · 

The Expeditionary Force took the field with a full supply of such maps, the arrange­
ments for the issue and replacement of which will be found described in Chapter 2 
Section III., Map Supply. ' 

The provision made for survey in the field was that, by arrangement between the War 
Office and the Board of Agriculture, three Survey Sections, which included personnel and 
stores for map reproduction by manual labour, were held in readiness bv 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 that the war was in · a civilised and 
mapped country, and that it was not foreseen at that date 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 with difficulty 
recovered when later the demand arose for skilled surveyors. 

2. First Demands for Large Scale Maps. 
The earliest demand for large scale maps was made cjuring the Battle of the Aisne, when 

for the first time warfare became stationary. The British Army happooed at. that time to be 
in the only area in this part of France which had been mapped on the new Topographical 
Survey of France on the I/ 50,000 scale. The sheets of this map were procured, and were 
reproduced by the Printing Company, and issued in small quantities. This excellent topo­
graphical map served the needs of the moment, but its use was limited by the very 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 enlargement of the French 1/80,000 map. These enlargements proved, 
however, to be quite 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 unit in France called the" Ranging Section, R.E .. " consisting 

of an officer and four other ranks, which had been formed at the Ordnance Survey, South­
ampton, for the purpose of fixing the position of an aeroplane at the_ moment th~t. it dropped 
a smoke bomb (or other signal) over a hostile target, and thereby fixing the_ pos11Jon m plan 
of the hostile target itself. This unit arrived in N'!vember, 1_914, and exper~nted for about 
two months. The proposed scheme did not come mto practJcal_ use ~or vanous reasons, the 
chief being that it was superseded by the superior method of s1gnallmg from the aeroplane 
by wireless. The personnel of the. Section were, however, expert surveyors, and were thu~ 
immediatelv available for the commencement of survev in the field. 

Capt.· (now Lieut.-Col.) Winterbotham, R.E., the O.C. Ranging Section, was put in 
charge of the work. The Section was reinforced by II Topographers obtained from tbe 
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, and from R.E. units in France, and survey was begun 
Ordnance Sun·e)·, SouthaTmhptoRn, . 3Section was thus the first Survev unit to work in the 
on 25th January, 1915. e angmg · . 
field. 

4. Maps and Printing Sections. 
Durin 1 1 the strength of the Expeditionary :Force grew, and it was o_rgani~d into . l ~ 5 h " Maps Officer " was appointed to each of the two Armies (First and :;:~J) i:en .~~tin~, to superintend map supply. He had a staff of one clerk and one 

draughtsman, and a box-car. S · I ) 
Soon after an Army Section of the _Printing Company (~ Chap!~~ 2, ect1on ·. -.yas 

ut under his command. This- combination was known unoffic,ally as a Maps ~nd P~mtmg 
~ection." The strength of an Army Section of the Printing Company was 14, mcludmg 11 
tradesmen, with I box-car and 1 3-ton lorry. . . 

The Maps and Printing Section was responsible_ for map supply to the Army (,.,., for 
distributing maps printed in England); for reproduc_mg small numbers of maps for Army 
H.Q.; for small urgent printing jobs; and for takm~ panoram_a an? other official photo­
graphs, and such othe~ photograp_hs as were necessary m connection with map work, such as 
enlargements or reductmns to reqmred scale. 

5. Ranging and Survey Section. 
In April. , 915, the Ranging Section, wh!ch h~d now pr:1ctically ceased to have anything 

to do with ranging, and was entuely occupied with surveymg, was transf_erred from the 8th 
Division Artillery to G.H.Q. and re-named the Rangmg and Survey Section. 

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

RANKS. 

Major, Capt. Of'.' Sub. 
Sergeant 
Corporal 
2nd Coroocal ... 
L.-Corporals or Sappers 
Attached: 

Batmen 
Drivers, M.T. 

12 

OCCUPATIONS. 

Officer 
Trig. Observers 
Topographers ... 
Attached ... 

Tran sport : 1 touring car, 1 30-cwt. lorry. 

3 
4 
4 

12 

This Section carried out survey in the field for the whole Expeditionary Force, the front 
extending at that time from nort:p of Ypres to Bethune. · 

During the year the Ranging and Survey Section was reinforced by a number of 
Ordnance Survey topographers who had been serving in Field or Army Troops Companies, 
and by others from England. With the extension of the front and the area to be dealt with, 
and the development of the Army organisation, it became impossible to continue the centralisa­
tion of control of surve,· work at G.H.Q. Another reason which conduced to the expansion 
of the survey organisation was the growing need for putting the responsibility for.all 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 became obvious, for reasom; 
which will be explained in Section III., that mapping 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 Ranging and Survey Section into 

thre~, the addition of new personnel, and the incorporation of the Maps and Printing 
Sectio~s. ~he officers who commanded these Topographical Sections were, in First Army, 
C~ptam Game (later Captain Tapp); in Second Army, Major Reid; in Third Army, Major 
Wmterbotham. 
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The establishment (No. 129 d/2/ 10/ 15) was as follows:-

RANKS. 
Captains or Subalterns 2 

C.S.M. or Sergeant 1 

Corporals, 2nd Corporals and Sap-

Atf::~ed : 13 

Batmen ... 
Drivers M.T. 3 

21 

Officers .. . 
OCCUPATIONS, 

Clerks ... ... 
Trig. Computers 
Draughtsmen ... 
Trig. Observers 
Topographers 
Attached 

Transport: 1 touring car, 1 box-car. 

2 

1 

I 

3 
3 
6 
5 

21 

To these Sections the Maps Officers and Army Printing Sections were attached bringing 
the total strength to 38, with total transport 1 touring car, 2 box-cars, and 1 3-ton l~rry. 

These Sections were responsible for all survey work in the Army, and for map supply 
and reproduction on the same lines as the previous Maps and Printing Sections. 

7. Observation Groups and Sound Ranging Sections. 
. During 1915 the question of fixing the position of hostile guns by cross observation was 

bemg taken up. This will be dealt with in Part II. ; in the meantime it is enough to mention 
that in the First and Third Armies, towards the end of 1915, the 0.C. Topographical 
Section was made responsible for the control of "Flash Spotting." In the Second Armv, 
control of Flash Spotting was not vested in the 0. C. Survey unit until the formation of the 
Field Survey Company in 1916. 

In the same year (1915) a beginning was made with Sound Ranging; the first Section 
was formed in November and others during 1916, and these were incorporated in the Field 
Survey Companies which had then been authorised. 

8. Field Survey Companies. 
The Survey requirements of the Armies continued to grow with great speed, and within 

a few months of the formation of the Topographical Sections it was found that they were 
totally inadequate to deal with the mass of work to be done. Trench mapping had become 
of vital importance, "nd required a large staff of the most expert draughtsmen and inter­
preters of air-photos; the requirements of the Army H.Q. made increasing demands on the 
limited printing resources of the Sections ; and the size of the areas and the number of forma­
tions in the Armies made map supply a matter of considerable difficulty, even in the abso­
lutely stationary warfare then going on. 

Consequently, proposals for an increased establishment were put forward, and in 
February, 1916,' the formation of Field Survey Companies was approved. The name was 
adopted (instead of Survey Companies, which would have been enough) to avoid confusion 
with the existing Survey 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 France and other theatres of war. 

These Field Survey Companies were a great advance on the Topographical Sections. 
The 0.C. was ultimately given the rank of 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. Officers who were expert surveyors. The first to hold the commands were: 
1st F.S.C., Major H. 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 command of Captain B. F. E. Keeling, R.E. · 

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

( 1) Headquarter Section. Functions.-Supervision and administration, and com-
pilation of results of Observation and Sound Ranging. 

(2) Topographical Section. Functions,:-Survey and topography. 
(3) Map Section. Functions.-Reproduction and map supply. . 
(4) Observation Section. Function.-General observation and Bash spotting. The 

Section consisted of a number of Obs. Groups. 
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· S d R · g The Section consisted (5) Sound lZanging Section. Funcllon.- oun angm · 
of two Detachments. 
This organisation was not adhered to througthhou;. ~nC practice, HthQe ;~:o/r:~-~~~~ 

sections being combined in the 3rd, 4th, and 5 · · · as one · · , 
organisation which was officially adopted later. d/ / / 6 . 

The establishment in this first organisation was as follows (W.E., No. 2 39, 11 3 1 , 

later numbered 351/51) :-

H elldqua,te, Section. 

Officers 
Q.M.S. 

RANKS. 

Clerks ... ... ... ··· ··· 
Other ranks (no ranks laid down) ... 
Attached: 

Batmen 
Desp. Rider 
Drivers M.T. 

Officer ... 
C.S.M. or Sergi. 
Sergeant -
Corporals 
2nd Corporals' 
L.-Corporal 
Sappers ... 
Attached: 

Batmen 
Drivers i\LT. 

Officer 
Clerk 
Attached: 

Batmen 
Drivers M.T. 
Printing Co.~ 

RANKS. 

RANKS. 

* See para. 4 

2 

6 

18 

OCCUPATIONS, 

Commander 
Adj. & Qr.Mr. 
Compiling Officer 
Clerks 
Q.M.S._ ... 
Pav duttes 
Trig .. Computer 
Opticians .. . 
Draughtsmen .. . 
Buzzer Pioneers 
Attached 

Tof,o. Section. 

2 

I 
6 

17 

OCCUPATIONS. 
o.c. 
Trig. Computers 
Draughtsmen ... 
Trig. Observers 
Topographers .. . 
Attached .. . 

Map Section. 

3 
II 

1; 

o.c. 
Clerk 

OCCUPATIONS. 

Photographers .. . 
Lithographers .. . 
L.P. Printers .. . 
Batmen and drivers 

I 

2 

6 

18 

3 
3 

" 3 

17 

• 
6 
3 
4 

17 

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

The transport available among the above three sections was 2 touring cars, 3 box-cars, 
I 3-ton lorry, 1 motor-cycle. 

9. Enlargement of Field Survey Companies. 
Although, as stated, the Field Survey Companies were a great advance on the Topo­

i:raphical Sections, the work grew so rapidly that in six months the new establishment was 
found to be insufficient. 

Among the increases may he mentioned the formation of additional Observation Groups 
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~d Sound-Ranging Sections to cover the whole front without a gap This enta'l d 1 1 
mcrea~ed supervision and administrative work. At the same time tr~nch maps ~"am/;;;~7. 
~phcated, _and t~e demand for accurate maps and for survey work for the Artiller 
Srap1dly.C This ':"tailed heavy work on the part of surveyors and draughtsmen of thi l~eelwd 

urvey ompan1es. 1 

, Cod~sfieqduently ~ J?ecember, 1916, a revised establishment was approved with the foll 
mg mo I e organ1sahon :- ow-

( 1) Headquarter Section. Functi.ons.-Supeorvision and administration s 
and topogr~phy. Map reprod~ction and printing. Map supply. Compilation ·of urvfY 
of observat10n and sound rangmg. resu ts 

(2) Observation Section, consisting of several Obs. Groups.-General observation 
and.flash spotting. 

(j) Several S.R. Sections.--Sound Ranging. 

The establishment (No. 407, d/7/12/16) was as follows (Headquarter Section):-

RANKS. OccttPATIONs. 
Major Officers: 
Adj. and Qr.-Mr. o.c. 
Capts. and Lieuts. 4 Adj. a~i Qr.-0Mr.. ::: 
Clerks 3 Topography ·-· , __ 
CS.M. Maps and Printing ... 
C.Q.M.S. Compiling .,_ _ __ 2 Sergeants 5 Clerks ... ... ... 3 Corporals 5 C.S.M. and C.Q.M.S. 2 2nd Corporals or Bombrs. 5 Pay Duties .,_ ·-· 
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. I Carpenter I 
Drivers, M.T. 7 Photographers 
R.A.M.C. Lithoj!raphers ___ 7 L.P. Printers ... 4 

84 Buzzer Pioneers 2 
Storemen and Packer~·· 4 

TRANSPORT, ETC. Instr. Repairers (Optical) 
Touring cars 2 Cooks, Orderlies, etc. IO 
Box-cars 3 Attached 15 
Motor cycles 2 
Lorry, 3-ton I 84 
Bicycles 12 

In April, 1917, the above establishment was modified (W.E., No. 501/42, d/3.4.17) by 
the addition of two draughtsmen for the Army Branch Intelligence Section. These two men 
were detached to the B.I. 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 map production during operations, and especially for some small 
map organisation in each Corps which could provide an immediate representation of the situa­
tion. The Field Survey Company was necessarily too far from the line for it to produce and 
distribute maps with the necessary speed. Prior to this, Corps had already produced many 
temporary maps, but these maps were of the same order of accuracy and showed the same 
faults as those prepared by the Army Staffs in the early portion of the war. It was necessary, 
then, to train the officers for this 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 Fourth Armies, and Corps Topographical Sections were formed 
in most Armies during the autumn of 1916, training being carried out at the F.8-C Head­
quarters. The 3rd F_S.C. may be specially mentioned as having given a particularly thorough 
training, officers and men being put through a course which lasted between two and three 
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months. The Sections were officially authorised in February, 1917, the establishtnent b~tg 
one officer. five draughtsmen, three topographers, with two motor-cycles, one r~avmg a s1 e­
car Jn addition. two draughtsmen were borne on the strengt~ for employm~nt 111th the B~anch 
lnt~lligence Section attached to the Corps Squadron (R.A.F .). The Sechons were eqmpped 
"ith Ell am duplicators. 

The functions laid down fl,r the Corps Topograhpical Sections were :-

( i) To supplement the work of the F.S.C. in battery fixing and provision of Artil­

len· Boards, especially for Field Artillery. 
• ( 2 ) To produce daily during operations. mal?s in time to distribute early next morn­

ing. giving the latest information as to the situation. 

During active operations mapping was usually confined to. the above description,. and. to 
trench maps ( 1 ,' 10,ooo or 1 / 20,000) sho"."i.ng new trench detall, and new topographical in­
formation. During normal penods of position warfare many other maps were produced1 such 
as counter batterv and target maps. h:urage 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 suhsequent history of these Sections. 
Corps Topographical Sections were. raised as integral parts of the Fiel<l Survey Com­

panies, but in practice there was otten htt]e connec~1on between them ~~d their parent Com­
pany. It was difficult for the O.C. Company to exercise any close superv1s1on, and It frequently 
happened that changes of personnel or of the officer in ch_arge we~e disa~prove? of by the 
Corps, with the inevitable consequence of stoppmg promotion and interfering with desirable 
changes. 

Apart from this, the Sections were called upon to perform duties for which they were not 
originally intended. Jn the first place, the addition of topographers for battery survey was 
an afterthought, and not included in the first proposals. They were added to meet the real 
need for greater decentralisation of this work, and had a supply of skilled personnel been 
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 trained. and there was not time enough to make them expert. They 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 topographers fell off until finally little was done. Occasionally the 
men were used for mapping hack-area trenches and areas under cultivation, and also for 
contouring, but as few of them were expert enough to contour properly, little reliance could 
be put on their work. 

Another factor that handicapped the Corps Topographical Sections was their employ­
ment on manuscript work for the Corps Staff. There is always a mass of this work to be 
done-for example, colouring maps to show different activities, correcting the front line to 
date, layering maps, and mounting wall and other maps. The trained men of the Survey units 
were not intended for this work, which requires comparatively little skill; but as a rule so 
few drau/lhtsmen were available for it that _demands were constantly made on the Survey units, 
and part1cularir on the Corps Topographical Sections. In many cases the latter were quite 
sw~ped by tins work, wit~ the result that _when the time came for quick but accurate map 
makmg the staff were untramed and mexpenenced, and the work was consequently poor and 
slow. 

It may be said, then, that while th~ Corps Topograp~ical S~tions would probably have 
been sufficient for (~e purposes for which they were onginally intended, they proved quite 
unequal to the add1t10nal tasks put upon them, and that, 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 Apdl, 1917,. t~e Depot Field Survey Company was formed in order to co-ordinate 

and supervise the trainu:ig of personnel f_o~ the F .S. Companies. Hitherto training for Sound 
Ranging had been <;arne1 on by the original Sound-Ranging Section, which was formed in 
~ 1 5 and ha? remamed in Seco_nd A"!'y area. T_he Experimental Sound-Ranging Section 

as formed_ m Augus_t, ~916, with a view to carrymg on research and instruction, and was 
transferred m the beguinmg of 1917 to G.H.Q. to act as an Experimental Section and Schoof 
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of Training. At the same time the excellent School of Flash Observation formed in the vd 
F .S.C. was taken over by G.H.Q. and formed into the School for Observers. These units 
were included in the one organisation of the Depot Field Survey Company, which was there­
after the training establishment for all the special Field Survey Company trades and the 
Depot for trained reinforcements. The Depot absorbed the Printil)g Company, R.E., which 
became the Printing Section of the Depot F.S. Company. 

The establishment (No. 5or/4.~, d/3.4.17) was as follows:-

Major 
Adjutant 
Subaltern 
C.S.M .... 
C.Q.M.S. 
Clerks 
Sergeants 
Corporals 
Sappers 
Attached: 

RANKS. 

Batmen ... . .. 
Cooks, Storemen and Orderlies 

Detail given in Chap. 2 

H.Q. Section. 

20 

Occl'PATJONs. 

o.c. 
Adjutant 
Equipment Officer 
C.S.M .... 
C.Q.M.S. 
Clerks 
Storeman 
I nstr. Repairer 
Carpenter 
Pay Duties 
Attached 

Printing Section. 

61 

E,cperimental Sound Ranging Section. 

Captain ... 
Subalterns 
Sergeants 
Corporals 
2nd Corporals 

RANKS. 

L.-Corporals . . . . .. 
Sappers and Pioneers 
Attached: 

Batmen 
Drivers, M.T. 

Captain ... 
Clerk 
Sergeants 
Corporals 
Attached: 

Batmen 
Miscellaneous 

RANKS. 

I 

3 
2 

2 

2 

16 

4 
2 

34 

OCCUPATIONS. 

O.C. and Instructors 
Senior N.C.O. 
Photographer ... 
Linemen 
Buzzer Pioneers 
Forward Observers 
Instr. Repairers 
Attached 

School for Observers. 

2 

4 

II 

o.c. 
Clerk 
Instructors 
Attached 

OCCUPATIONS, 

I 

I 

9 

20 

4 

9 
2 

9 
2 

6 

34 

I 

I 
6 
3 

II 
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The total strength was thus 126 (9 officers and r 17 o.r.). 
The transport was one touring car and one 3-ton lorry allotted to the Printing Section 

and one car and one box-car allotted to the Exp. S.R. Section. 
On the conversion of F.S. Companies into Battalions the Depot F.S.C. became the Depot 

Field Survey 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 restored to its 
former status of an independent unit. 

The establishment of the Depot Field Survey Battalion was as follows (No. 1592, no 
date).:-

H.Q. Section. 
RANKS. OccUPATIONS. 

Lieut.-Colonel o.c. 
Adjutant Adjutant 
Subaltern Equipment Officer 
R.S.M. \~larrant Officers 
Q.M.S. Pay Duties 
Sergeants 4 Orderly Sergeant 
Corporals 3 Storemen 
2nd Corporals 3 Carpenter 
SapperS and Pioneers 22 Clerks 
Attached: Draughtsmen (Topo,) 

Drivers, M.T. 4 Attached 
Cooks, Orderlies, etc. 6 

47 
• Includes 2 for B. I. Section. 

Experime,ital Sound Ranging Section. 
RANKS. 

As before, except 4 Batmen ... 

Major 
Subalterns 
C.S.M .... 
Sergeants 
Corporals 

RANKS. 

2nd Corporals 
Sappers and Pioneers 
Attached: 

MisceUaneous 

Batmen allowed on Scale C. 

0CCUPATIQNS. 

30 

School for Observers. 

8 

8 

OCCUPATIONS, 

O.C. and Instructors 
C.S.M. 
S.P, Observers (Instructors) 
Clerks 
Storemen 
Instr. Repairer (Optical) 
Pioneer 
Attached 

The strength was thus 103 (ro officers, 93 o.r.). 

The transport was :-

i or HE .Q. Section, •:me touring cat, one box-car, one 3-ton lorry. 
or xp. S.R. Section, one touring car, one box-car 

For School for Observers, one motor-cycle, one bi~ycle. 

2 

3 

4 
22* 
10 

47 

30 

15 
2 

The above establishment was superseded by N g / 6 h" h · 
the two draughtsmen for the B.I. Section. o. 1 02 1 , w 1c differed only in omitting 



12. Various Schemes for Reorganisation. 

Towards the end of 1917 it became evident that the work of a F.S.C. was too cen­
tralised, and that the burden on the O.C. was consequently too great. 

_ Another difficulty ~at was. felt by all.was the need for greater elasticity in the organi­
sahon. The H.Q. S~hon remained of precisely the same strength m every Army, in spite of 
w1del y varying cond1t10ns 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 personnei 
and transport available. , To meet these needs-for. decentrahsahon and elasticity-various 
proposals were made. 1he O.C. 4th F.S.C. (MaJor MacLeod) suggested an organisation 
of Corps Survey Companies, each of which would be responsible for all the Survey work 
including observation and sound ranging, for its Corps; the whole to be co-ordinated and 
supervised 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 province of the Corps Companies. This 
scheme had much to recommend it and was strongly supported by the G.O.C. Fourth Army 
(General Rawlinson). It certainly provided complete decentralisation and made the strength 
of _the Survey organisation automatically correspond _to the strength of troops engaged, 
which went a long way-probably as far as was practically possible-in the direction of 
complete elasticity. It was, however, generally agreed that map production could not be satis­
factorily decentralised to the extent proposed, the disadvantages involved being greater than 
the advanta_ges_ to be gained. Hence, w~ile accepting th~ principle of a_ Corps Survey Com­
pany orgamsat1on as sound for observatmn, sound rangmg, battery fixmg, and map distri­
qution, it was decided that it was not sound to apply it to map production, or, with the 
existing type of plant, to map reproduction in quantity. In other 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 work, was to have a number of " reinforcement sections " at the disposal o{ 
Maps, G.H.Q., to be allotted to any F.S.C. upon which extra burdens were thrown. 

Both these proposals, unfortunately, involved increases of personnel which would be 
saved by adhering to the old organisation, and as the man-power situation was becoming 
serious at this date, they had to be abandoned on that account alone. 

13. Field Survey Battalions. 

The resu1t was that the next step in the development of the Survey units, namely, the 
formation of Field Survey Battalions (authorised in 1918) became simply an expansion of 
the Companies, with no change in organisation, except that three Majors were added with 
the object of decentralising work and relieving the O.C. One Major was to be in charge 
of the H.Q. Section, and two to be in charge of "Artillery Sections." 

An Artillery Section was to consist of aoout half the Observation Groups and S.R. 
Sections in the Battalion, and the idea was that the supervision and control of an Artillery 
Section was to be delegated to a Major, the O.C. being thereby relieved of a good deal of 
detail work. The Artillerv Section was admittedly a compromise. Had the situation allowed 
of the provision of a srnali staff and some transport for the use of the officer in charge, the 
scheme might have worked -better; but as this was impossible, it was handicapped from the 
outset. It must be admitted, however, that the Artillery Section Commanders did valuable 
work, and the presence of a controlling officer near the front had a markedly good effect. 

The F.S. Battalion organisation was otherwise exactly the same as that of the F.S. 
Company consisting of a H.Q. Section, Corps Topo. Sections, Observation. Groups and 
Sound R~ging Sections, the last two units being grouped into " Artillery Sections." 1:he 
H.Q. Section consisted of a Lieut.-Colonel in commanrl, an Adjutant, 3 Majors, 4 Captams 
and 4 Subalterns, and 174 other -ranks. The officers were clas,ified as r O.i/c H.Q. Sec­
tion, 2 O.i/c Artillery Sections, 2 Printing, 2 Su~ey, and 2 C<;>mpiling Officers, and two 
other subaltern assistants. The other ranks compnsed a largely mcreased staff of draughts­
men, lithographers, etc. There was no change in the W.E. of the Observation Groups and 
Sound Ranging Sections. 
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The ,letail of this establishment (No. 1591, d/17/8/18) was as follows (Headquarter 

Section):-

I.ieut.-Colond 
Majors ... . .. 
Adj. & <.]r.-Mr .. 
Captains 
Subalterns 
Supt. Clerk 
R.S.M. 
Q.M.S. 
c.s.M. 
Sergeants 
Corporals 
.::nd Corporals 

R,\NKS. 

L.-Corporals _... . . 
Sappers and P1onct~rs 
Attached: 

Batmen 
Despatch Riders 
Drivers, M.T. 
R.A.M.C. 

* Includes I N .C.O. 
t The Chief Topographer, Draughts­

man and Litho printer had 
rank of C.S.M. 

J 

J 
5 
I 

12 
12 
12 
20 
97 

6 

-· I 

187 

OCCUPATIONS. 

o.c. 
Adj. & Qr.-Mr .. 
l\'lajors: 

O.i/c H-~- Section 
2 O.i/c Arti lery Sections 

C6tains: 
.i/c Survey 

O.i/c Printing 
O.i/c Compilation 

Assistants, Subalterns 5 
Senior Warrant Officers 3 

+Topographers . . . . .. IO 

Trig. Observers and Assis. 6 
Heho and Vandyke workers 6 

tDraughtsmen -·· ... 40 
Draughtsmen, Clerks ... 2 

Draughtsmen, Litho IO 

Compute_rs, Trig. . .. 2 
I nstr. Repairer Opt. I 

L.P. Printers 8 
Tr:msferers and provers 10 

+Machine Minders 6 
Machine Feeders 6 
Engine Men 3 
Photographers 4 
Carpenters 2 

Telephonists 3 
Clerks 7 
Storemen, etc. 8 
Electrician 
Pay Duties ... ... ... 
Cooks, orderlies and fatigue men 20 
Attached 15 

187 

The transport was • touring cars, 3 box-cars, 1 3-ton lorry, 2 motor cycles, and 15 
bicycles. 

Two of the draughtsmen were for employment in the B.I. Section. The establishment 
was subsequently modified (No. 1801 / 56, no date) by the omission of these two draughts­
men and the addition of two bicycles. 

Proposals were also made at this date for the inclusion of certain other units-to wit, 
Calibration Sections and Wind Deta~hments--but as these never materialised as parts of the 
F.S.B. organisation, they will be dealt with in the technical account only, and not here. 

The following officers commanded the Field Survey Battalions :-

1st. Lieut.-Colonel B. H. Wilbraham (who had succeeded Major H. Wood in com 
mand of the 1st F .S.C.). 

2nd. Lieut.-Colonel C. S. Reid. 
3rd. Lieut.-Colonel B. F. E. Keeling (who had succeeded Lieut.-Colonel Winter­

botham in command of the 3rd F.S.C. on the latter joining the G.H.Q. Staff in August, 
1917). 

4th. Lieut-Colonel M. N. MacLeod. 
5th. Lieut.-Colonel F. B. Legh (who had succeeded Major Keeling in command of 

the 5th F.S.C. when the latter was wounded). 

14. Proposals for Increase. 
Th~ establi~hment of a Field_ Survey Battalion, -which was authorised in August, 1918, 

though 1t came mto force locally m June, had been proposed in the autumn of the previous 
year. In the interval the fighting power and activity of the British Army had increased to 
such an extent that the new establishment, by the time it was approved, was inadequate. 
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FreSh proposals for increase were therefore made, but by this time the question of man-power 
had become acute, and the situation in the spring of 1918 made any increase quite impossihk. 
From that time on the total strength of the F.S. Battalions was limiter! to the numhers then 
authorised, so that an increase to any section could only be made at the expense of others. 
In the autumn of 1918 proposals were on foot to bring up the strength of the H.Q. Sections 
to something approximating to the work they had to do by disbanding certain Observation 
Groups and Sound-Ranging Sections, but these did not materialise hefore the Armistice. 

15, Corps Company Organisation, 
It only remains to say that durin1; 1918 further experience and the lessons of the rapidly 

increasing mobility of warfare showed the imperative need for the adoption of a Corps 
organisation as originally advocated by the Fourth Army in 1917. It was agreed hy the 
F .S.B. Commanders that the only way to meet the varying needs of the situation was to 
abandon the II territorial " principle in the case of Groups and Sections (whereby these units 
were responsible for definite areas and not for definite units), 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 personnel being absolutely vetoed, the only way to provirle 
for such an organisation was to disband some Corps and Sections, and it was agreed to 
recommend that this should be done even though this involved the risk of leaving the front 
inadequately covered. The cessation of hostilities prevented this scheme of Corps Com­
panies from coming into being, hut it is mentionerl here as being the organisation finally agreed 
to in principle. It may also he mentioned that the Fourth F .S.B., when advancing into 
Germany, formed Corps Companies with the aid of borrowed personnel, so that the organisa­
tion was put by them to practical test in some measure. 

The Corps Company, as proposed, woulrl ha,·e had an O.C. (Major) and a small 
staff for administrative and Artillery Survey work, and woulrl have included one Observation 
Group and one S.R. Section, and the Corps Topo. Section. 

16. Maps, G.H.Q. 
The original establishment in the Expeditionary Force' for dealing with survey matters 

was as follows :-

At G.H.Q. Topographical Sub-section G.S. (1.c.).-One officer (G.S.O . .,), one 
~lerk. 

At H.Q. L. of C. Map Section.-One officer (G.S.O. 3), one clerk. 

No transport was allotted, hut in the first month of the war a box-car was obtained from 
the Base, and at the same time an extra derk was secured. In March, 1915, the officer in 
charge was advanced to G.S.O., 2nd Grade. 

The officer in charge of the L. of C. Map Section, Lieut. 0. E. Wynne, R.E., remained 
until November, 1914, organising the system of map depots and Base supply. He was then 
transferred to other work and left Q.M.S. J. E. Clemons, R.E., in charge. The organisation 
and staff of the map depots are given in Chapter 2, Section III. 

The work of Maps, G.H.Q., increased greatly as soon as the war settled down to trench 
fighting. When field work began it was fortunately possible to put it from the outset into the 
capable hands of Captain Winterbotham, but the office work of general superintendence, map 
supply, provision of technical stores for the growing Survey ~nits, working out of _establi~h­
ments and so forth had by 1917 increased far heyond what a smgle officer could sat1sfactonly 
handle. 

In October, 1916, Captain Field acted as officer in charge of map supply, his appoint­
ment being sanctioned in the following May, and in November Lieut. Allingham joined 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 officers (one G.S.O. 2, 

c,ne officer i/c Map Supply, later made G.S.O. 3, and one Equipment Officer), three clerks. 
In May, 191.7, the officer in charge was advanced to 1st Grade. 
In August, 1917, Lieut.-Colonel Winterbotham joined Maps, G.H.Q., as Technical 

Assistant, pending an increase of esta~lishment to allo~ of that po~t, but unfortunately he 
was ordered to Italy in October and did not return until the following January. The final 
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. · f M G H Q began to be formed about this date, though sanction was not 
organ1sat1on o aps, · · ., . bi" h t approved ·-
received until June, when the followmg esta 1s men was · 

G.S.O. 1.-Colonel. 
G.S.O. 3.-Map Supply. 
Attached : . 

1 Lieut.-Colonel, Technical Ass1st~t. 
2 Majors, Advisers in Sound Rangmg and Cross Observation . 
. 1 Captain, Perso~nel. 
1 Subaltern, Equipment Officer. 

2 8 Clerks, Draughtsmen, Storemen, etc. 
Transport (with 12 drivers) : 

3 Touring cars. 
3 Box-cars .. 
2 3-ton lornes. 
1 30-cwt. lorry. 
1 Motor cycle. 

making a total of 7 officers and 40 other ranks on establishment. 

In addition to the above, 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 be taken 
a;, 9 officers and 50 otber 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. Wmterbotham. 
Sound Ranging, Major W. L. Bragg. 
Cross Observation, Major H. H. Hemming. 
Map Supply, Capt. E. E. Field and Lieut. Whitby. 
Personn~l, Capt. 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 superintendence of technical work. 
Technical advice on survey questions to other branches. . 
Mapping.-Control and ,;o0 ordination, allotment of areas of responsibility, map policy. 

Co-ordination of trigonometrical work was tackled seriously only towards the close 
of hostilities. 

Map Supply.-All questions connected with publications of editions, reproduction by 
IV.O., O.S., or O.B.O.S., records, and map supply in bulk. (For details see Section III.) 

Sound Ranging and Cross Observation.-Development and organisation on technical and 
wilitary sides. Training, resean;h, allotment of Sections and Groups. 

Personnel.-The Personnel Branch acted as technical advisers to the A.G., and were 
concerned with obtaining and allotting suitable personnel, officers and other ranks to the Field 
Survey Battalions. . 

Stores.-Supply of all technical stores. This included in many cases design and arrange­
r.1ents for manufacture. Responsibility for supply was confined to the special stores (i.e., 
N.I.V. stores) required for survey, sound ranging and cross observation, but in order !o 
be ready for sudden emergencies approval was obtained for holding in the G.H.Q. store a 
certain reserve of ordinary vocabulary stores. 

Technical Literature.-Technical pamphlets on Sound Ranging and Cross Observation 
'!ere prepared ~d issued, and h'!'1d~ooks fo! future use were put in preparation. Technical 
hterature of foreign survey organ1sahons, alhed or enemy, was as far as possible studied. A 
good deal of work was also done in conn~ion with artillery w.or}c as affected by survey, as, for 
example, pamphlets on methods for artillery survey and artillery procedure in connection 
with sound ranging and cross observation. 

Conferences were held from time to time between Maps, G.H.Q., .and the officers com­
manding F.S. Batt;1lio_ns. These were us~ally with a view to settling questions of technical 
methods and organtsahon of the survey umts. 

T.iaison with allied survey organisations W'l,S maintained by occasional visits by various 
members of the staff. 
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SECTION II.-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 France, it is necessary to describe shortly the mapping material that 
was already available in the area occupied; that is to say, in Belgium and the northern pan 
of France. 

The trigonometrical problem is not dealt with here. It willbe found fully discussed in 
Appendix I. 

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

MATERIAL EXISTING BEFORE THE WAR 
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BELGIUM. 
(a) Small Sale. 

A complete series of 1/ 250,000 and 1 / 100,000· sheets covering the whole of Belgium, 
and prepared on the basis of the Belgian 1/100,000,•had 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 s~eets, which sh~w 

h d ground forms in great detail. This map was at first consid~red to_ be qmte 
t'Z::{r:ioJg: for all requirements. Subsequent investigation showed. that 1t required con­
;iderable revision in parts, but it remains on the whole a good topographical map .. 1:he plates 
of this map were all salved from Antwerp, and were therefore available fo~ prmtmg. The 
oiiginal drawings on 1/1o,ooo scale were also saved, and from these rlrawmgs plates were 
made when required. 

FRANCE. 
(c) Small Sale. 

The maps available were as follows :­
Produced by the French General Staff­

I / 200,000, coloured and contoured. 
, /80,000, black with hachures (published also in an enlarged edition, 

1/50,000). 
Produced by the Ministry of the Interior-- . . . 

1 / 100,000, coloured, with ground forms md1cated by shadmg. 
Produced by private firms- . 

Motoring and cyling maps, such as the Tande 1/250,000, the Michelin 
x / 200,000, etc. 

A new topographical map, coloured and contoured, was in cour~e of prod~ction by _the Service 
Geographique when the war broke out; but no part of the pubhshed portion of this map fell 
within the area occupied by the British, except when we were on the Ais1;1e. This ma!? shou(d 
not be confused with the 1/50,000 enlargements of the 1/80,000, which are published m 
quarter sheets in black only, like the original 1/80,000. 

(d) Large Sale. 

Plans Directeurs .-The on! y French large scale maps prepared for war purposes were 
the Fortress Plans Directeurs; 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 coast, and 
around certain fortresses. These are excellent topographical maps, printed in black,. with 
accurately drawn contours. They suffer, however, from lack of revision, and contain certain 
errors. 

Cadastral Plans.-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 
comm tine was represented by a different survey, and was completed in a number of separate 
parts (from two to eight, according to the area). Three manuscript copies of the original surveys 
exist, and these c6pies are kept as a rule at the Mairie of the Commune and at the Revenue 
Office of the chief town of the Department. Their survey value varies. Some .have been 
found exceedingly accurate, while others show considerable errors. For purposes of reference 
a diagram to the scale of 1 / 10,000 was made of each commune, showing 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 are as a rule neither so accurate nor so detailed. 

This original cadastral survey has never been 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 area between 
Amiens and Albert. But _the great bulk of these plans show the state of the country' as it was 
m the early part of the nmeteenth century. In spite of this their value as a foundation for 
a modern map is great. The chief topographical features, such as roads and rivers have 
changed very little, while all proper boundaries can be clearlv traced between the different 
areas of cultivation. With the aid of air photos these maps can consequently be brought up 
to date with little difficulty. 



In 1899 it was decided to begin a new cadastral survey of France, but little was dorie 
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 cadastral plans. 
Thus the skeleton of the r/80,00 Carte de l'Etat Major is compiled from them though 
muc~ new survey had to be ?one _in order to complete the map. The other plans ~nd maps 
mentioned below are most mvanably based on the 1 / 10,000 indexes to the Communal 
Surveys. 

Railu>ay, Canal and Road Plans.-Railway and Canal Plans are available practically 
everywhere. They are usually, however, only compilations, and the compilation is often not 
above reproach. They appear also generally to represent the engineer's plans for construc­
tion, rather than a survey of the finished work, and cases are frequent in which the actual 
trace of railw:ay or canal is found to differ materially from _that given in the official plans. 

_A~ material for accurate large scale_ mappmg, therefore,_httle is to be got f~om these plans, 
and it 1s best to neglect them altogether if air photos are available of the area m question. 

In the majority of cases, however, the plans are accompanied by profiles, which add 
oonside~ably to the data available for contouring. In one or two cases they had been con­
toured m the field, as, for example, the excellent plan of the Canal du Nord from Douai to 
Peronne. 

Mining Area lflaps.-In the coalfields the various mining companies had produced maps 
based on the original cadastral surveys, and amplified by additional work on the ground. 
Some of these plans were of great assistance, but difficulties arose occasionally from the 
inclusion of projected 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 under­

takings. They are as necessary in war as in peace, and to the military as to the civil engineer. 
For this reason a surveyor is borne on 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 reason the equipment of the Field Company 
includes a few purely 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 October, 1914, the line became more or less stationary, they made, 
revised and issued large scale plans 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 map, laid out contemplated work on it, 
and kept it up to date, issuing copies to the staff and to relieving troops. By the close of 
1915 good 1/10,000 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 survey units were 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 with the front line 
trenches. As a general rule these surveys were done with the prismatic compass, but qccasion­
ally the plane tab1e was also employed. An example of valuable work done on the plane 
table was a sketch survey undertaken by the 2 3rd Field Company after the battle of the 
Marne, on the Chemin des Dames. The object of this survey (which proved exceedingly 
valuable) was to direct enfilade machine gun fire on a portion of the German front line. 
The plane table was oriented on the pole star (with a correction for azimuth). 

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

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

There were in various R. E. units many officers of the Corps who had been engaged on 
the surveys of the British Isles and of India. Where they had been posted to Field Com­
panies,· surveys of a higher order were generally made. Both N_orth and Sout? of Bethune 
such surveys were particularly noteworthy. In the latter case Maior (now Bt.-L1eut. _Colonel) 
Russell-Brown mapped a considerable area on the plane table, and a~orded valuable mforma­
tion and help to the artillery in that region. North of Bethune Captam (now Bt.-Lt. -Colonel\ 
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c. M. Browne (from the Survey of India) made an excellent map of Givenchy and the 

Indian Village. - h d"ff · · 
Such sun·eys, however, depending upon their own b_ases an~ azlffiut s, and 1 ermg 1n 

scale and character, can nerer take the place of systematic mapping of_ the whole a_rea ~f 
operations. The first essential-the dependence upon a gener~l ruhng tnanis~Iat1on-1s 
ahsent. Discrepancies on the mutual edges cannot be adJusted without fresh ongmal work. 
This fact has been proved often in practice. _ . _ . . 

In February, 1915, the positions of the stations of the I< rench nat10nal tna1_1gulat10ns 
had been received. The 1st Ranging and Survey_ Secti~n had started a syste~ahc_ survey, 
and a circular was sent to all Royal Engineer umts askmg for the1r co-operation m map­
making, and stating that the triangulation and levelling data for our theatre of_ ope~at1ons 
were in our possession and would be sent to anyone who would use }hem. Thts. cucular 
elicited no response; this being due, no do.ubt, to the fact that few F 1eld Companies could 
devote much time to the task, and that the teml?_orary 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 
sun·ey of a high order of accuracy became essential. As an instanc_e of the_ necessity for such 
surveys the mining operations opposite Albert may be quoted. When this area was taken 
over from the French little knowledge of the positions of the various galleries relative to the 
German trenches was available. A sun·ey 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 demands for mining surveys, and they were taken over by the officers of the Tunnel­
ling Companies, many of whom had much experience in this work. These mining surveys 
were naturally on a ,·ery much larger scale than the ordinary trench map. Small local sur­
veys on scales varying from 1/5,000 to 1/1,000 were common, and were made generally with 
the miner's dial, or with theodolites provided with a compass attachment. 

As mining gradually decreased in importance so did these mining maps diminish in num­
ber, until by August, 1917, original trench survey was confined to field survey units. 

One may say in conclusion that much good survey work was done both by Field and by 
Tunnelling Companies, but that the value of these surveys was invariably ephemeral, because 
they were not made in consultation with Field Survey units, and were not based upon any 
triangulation. 

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 scale, of the 1/80,000 French General Staff map. Though this 
enlargement (which is discussed in detail 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 
rev_ise_d on the ~round, in the same ".'anner as are the Ordnance Survey maps of Great 
Bntam. Had this been the case much time and labour would have been saved, as it would 
have be~n unnecessary to carry out a triangulation and a complete topographical survey. A 
short tnal proved, however, that the enlarged map was useless for the purpose of revision. 
The magnitude of the errors and the _difficulty of selecting any points which might be taken 
~s accurate mad~ such methods i_mposs1ble. As a· final_ effort, a traverse was run, closing on 
itself, and covermg about ten miles of road, from which attempts were made to revise the 
whole country in the neighbourhood ; but it was found that this practically amounted to a 
re-survey. Consequently, it was decided to make an entirely ,ew map on the scale of r in 
20,000. 

(a) General Scheme. 
4. First Survey. 

(a) When the construction cif large scale maps of Northern France was first undertaken 
(by enlargement of the r/~o,ooo) it had been decide?, as a matter of general principle, to 
'1_1ake them form an extension westwards of the Belgian r / 40,000 series and to adhere to the 
stz_e, shape and schem~ of that series.. Full. reC)Jfds of Belgia~ mapping and triangulation 
ex,~ted, and the adopt!on of the Belgian pro1ection and sheet Imes promised a consecutive 
senes of maps stretching as far as the German frontier. This scheme was consequently 
ad~ered to when the survey on the ground was started, and !he work was undertaken on the 
basis of I/ 20,000 sheets. 

The scheme of nomenclature adopted was as follows : The four 1 / 20,000 sheets which 
coveredthe~re2 of a r/40,000 sheet were named N.W., N.E., S.W., S.E. Later, when 



., 
1 / io,ooo sheets were introduced the four sheets covering a 1 / 20,000 sheet were numbered 
1, 2, 3, 4. A 1/20,000 was thus called, for example, 28 N.W., and a 1/10 ooo sheet 28 
N.W.3. In addition the sheets were usually given names. ' ' 

(b) Area Undertaken. 

(b) The British front at this date (December, 1914) extended from north of Ypres to 
Bethune. The sheets involved were 27, 36A, and portions of 28, 36, 27A and 36D. The 
British area thus fell partly on ground covered by Belgian maps, partly on French 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 at this date no one anticipated 
th~t the war would last for several years, were governing 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 map the remainder of the area from the front line to about ten miles 
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 were the omission of detail 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 was nearly all very flat, this last provision was possible without affecting seriously 
the value of the map. 

(d) Execution. 

(d) The first step was to secure the latitude and longitude of the points of the French 
Triangulation and to calculate the rectangular co-ordinates, on the Belgian Bonne projection, 
which corresponded to these geographical co-ordinates. 

Work in the field started on the 25th of January, 1915. Each plane tabler was given 
one-third of a 1/20,000 sheet-that is to 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 
were forwarded to the Ordnance 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 redrawn enlargement from r / 80,000. The sheets were the 1 / 20,000 
quarters of 27 and 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 accuracy, and the drawing was of a corresponding nature, so that the 
sheets produced were coarse in comparison with the fine maps produced later by Field Survey 
Battalions. Apart from this, certain errors crept in for which the surveyors were not re­
sponsible-for example, there were clerical errors in some of the geographical co-ordinates 
supplied from Paris. One such case occurred at the southern end of our line and caused detail 
on the map to be displaced by about 150 yards. In another case the original trig. point had 
been replaced by a new church tower. built close to, but not on the site of, the old one, which 
,:aused an error on the map of 50 yards, 

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

It should be noted that at this date the value of the old French cadastral plans was e·ither 
t•nknown or not appreciated. No use was made of them in the first survey. 

5. Further Surveys. 
1a) Extension to South and West. 

(a) The principle ~aving b~en adopt_ed that s~r_vey in the fiel9 was necessary, the surv~y 
had to be continued with each mcrease m the British area. Whilst the first survey was m 

progress our line was lengthened towards the south. Additional are_a was take'? up, therefo_re, 
and at the same time the series was extended westwards to G.H.Q. m order to mclude trammg 

* It should be noted that this edition did not in all cases bear the number 2 (see Chap. 2, 

Section III., 14). 
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. not so important a factor, lilld the survey 
grounds, etc. For these subsequent sh~ets t~e was d f accuracy. Contours were surveyed 
was carried out with greater_care and ,nth a higTh~~ or ~;eo holds extremely well in comparison 
on the ground at the same time as the detail. is su Y 
with work done still more thoroughly m 1918. 

(b) Revision of Calals Plan Dlrecteur. . . 
· h · b n largely reinforced with surveyors 

(b) The 1st Ranging _and s;rvey S~llo~ddri::~l ;rsonnel made it possible to start at 
from England or from_ um~-: ranee, . ~ Calais is included in one of the Fortress Plan 
m_ce on a ma~ of Calais w i was r~qmre ·onstruction and other works made it imperative 
Duecteur Series, but new camps, r•t;ay ~ . l f the Fortress Plan Directeur (drawn on 
to have a good an<l up-to-date map. e on/lma s 0 . • 1 the revision of these was 
a scale of i/10,000) were secured from Pans, _and m Apr1, ibeSdue to a discordance in the 
begun. Curious errors were found, so~e of ~hich appearde t ~f The map of Calais was com-
tricr points and to a subsequent equation of mtervemng e at · . . . 
le~~d in three l / 10 ooo sheets, based not upon the Belgian B?nne, but on a Cassmt Proiec-

~ion whose origin ,;as Notre Dame in Calais. The town porllon of the work was also pub­
iish;d on the 1 / 5,000 scale, by enlargement from the revised I/ 10,ooo. 

I<) Revision of Sheet 19. 
(c) It was decided next to revise sheet 19 lying to the '.forth of_ our area, an~ to fit it t<> 

the Belgian Sheets, which lay upon its Ea~tern edge. Thts sheet ts c?vered mamly by the 
Fortress Plan Directeur of Dunkerque, which was found to he exceedingly accura~e on the 
whole. A1eas of inundation, new railway construction, and a good deaf ?f recent detatl around 
Dunkerque were added, not without a c?nsiderable amount of oppos11lon on the part of the 
inhabitants. This work was completed m May, 1915. 

(d) Revision of Portions of First Survey. 

(d) In March, 1915, the battle of Neuve Chapelle_ ~dyanced our l_ine to_ some small 
extent in Sheet 36 S.W., and owing to this fact and the ongmal error menttoned m paragraph 
4 (e), it was decided to revise that portion of the original survy,y which stretched f~om Bethune 
to Laventie. A portion of the personnel was employed on this task, therefore, which was com­
pleted in August. 

(e) Survey of New Areas. 

(e) The situation in the summer of 1915 was that the Second Edition was available in 
l'landers, that a few General Staff* trench maps existed in the First and Second Army areas, 
and that in the new Third Army area there were French Plans Directeur which had been pre-
pared 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 difference of grids and sheet lines used by the British 
and the French and various differences in the interpretation of the topography made it 
necessary to remap this sector of the line. This work was immediately put in hand by the 
3rd Topo. Section, together with the survey of the·area in rear of 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 10th French Army, the 3Td F.S. Co. mapping the area for 
which they were responsible, while the 1st F .S.C. 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 in 1916) that cadastral plans were 
used for the first time as a basis for plane-tabling. The plans, which were copied and reduced 
to 1 / 20,000, were compiled on a plane-table and sent out for revision. The consequence was 
a topographical surveY: not more accurate in !he op~n ro_lling downs, but considerably more 
accurate m very close mtersected valleys and m the mtenor of towns and villages. 

(f) Revio;on of French and Belgian maps. 

(f) While most of the Field Survey Companies were occupied to a large extent with 
sun·ey on the ground, the northern Company-the 2nd-whose area lay wholly on Belgian 
maps or Fortress Plans Directeurs, made a study of these maps and found that they were 

* i.e., not produced by Survey units. 
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susceptible of much improvement, either by revision of detail that was out of .date, or 
correction of errors of topography and of plotting. This work was therefore undertaken, 
pa1tly 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, 
hut lack of personnel and the pressing nature of other work made this impossible. Conse­
quently the German attack in the spring of 1918 found us unprepared in this respect. Our 
line 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 beyond it. It became imperatiye to 
prepare maps of the back area at once, in case of a further retirement, and this work was put 
in hand in April, 1918, the Depot Field Survey Battalion being charged with its execution. 
Fortunately at this time a number of topographers had recently been sent from England and 
were held as reinforcements. The presence of these men, with 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. under­
took six 1/20,000 sheets, and two were later completed by the 5th F.S.B., the rest being done 
by the Depot. 

(b) First Methocll. 

(b). The Survey was carried out, as in previous cases, on the r / 20,000 scale. The 
method adopted for this work is interesting 2nd instructive, as it was a c-ombination of 
ground survey and air survey. It enabled a reliable map to be produced in a remarkably 
short space of time. 

The method followed at first was as follows :-

(i) Trigonometrical work.-A rapid test of the triangulation in the sheet, and the 
addition of a number of subsidiary points and heights. 

(ii) Topograplzical Skeleton.-The addition, by topographers using plane-tables, 
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 framework.-The compilation of cadastral plans on the above topo­
graphical framework. 

(iv) Supplying detail.-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) Contouring was done by topographers on the ground. 

The rapidity of this work depended largely on the supply of good photographs, and tb~ 
co-operation 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 further retirement might have to take place at any moment. Each of 
these sheets took, from the time that work was started to the time the finished drawing was 
sent for reproduction, on the average r8 days. The result was a map which, though far from 
perfect, was on the whole reliable, and in the circumstances would have been invaluable to the 
Artillery. 

In theory the ahove system (i.e .. based on plane-tahle control) was sound, but in practice 
it did not work perfectly. It was impossible always to be sure of the cadastrals, either in 
the matter of scale or accuracy. The plane-tablers moreover were not- infallible, and occa­
sional mistake3 occurrerl, which caused doubt and waste of time. 

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

(cl Later Method•. 
(c) In the later sheets the work of triangulation was very largely increased, and the 

country eventua11y covered 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 not 
an altogether simple matter when it is remembered that the cadastrals were made before there 
was any trig. control, and that in many cases the detail was wrongly shown or had changed. 
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· · · h d · acent detail If the detail appeared 

Each trig. point was exam~~d 10 relation!:: !ne .:iJtion to this ·detail was fixed by short 

~n=/~~rs:f=~~~:;1~!~"! ~:et~:cktr:il (which was rinte;i on tracing paper). It 

was usually found po.<sible to fix at least two pomts_on_each ea astra ~ans of the trig. points 

The cadastrals were then fitted _on to the ~ptlati'?~ 5~;"'t dby ~o one of the following 

only. If an individual cadasti;~ ~:d ia0Ja~:r:: rt>· ;:~1:; r~g!ition of detail from which 

:us:~: (i)_I~co:"'ix!'/(~)(11ter~ti!n of detaii since the cadastral was made. As a matter 

0 / f::fiiri:::'tr:uble wa~ experienced, and the cadastrals on the whole. fitte~ ve~y ;ell. TIIP 

This system led to a marked increase in accuracy' and to a gretatd sbav1~;e l~un::°:~ved to 

· b th t · gulation party was more than compensa e Y 

extr:, t,me st~t ,;ho f~~:iy fixed the cross roads. Under the later system the topographers 

!:::~~:rd ::th the cadastral compilation as well as the trig. points plotted on their tables. 

The initial steps of the survey on this method were thus : 

{i) Trig. work.-An extended triangulation by which points Were fixed at intervals 

nf about one mile over the area. . . . . . . 

(ii) Plotting points on cadastrals.-Identificahon of t,he. tng. pomts m relation to 

detail, and plotting their positions on the cadastrals. fh1s was done concurrently 

with (i). . . f h d I I h b 

(iii) Cadastral framework.-The comp1lation o t e ea astra p ans on t e a ove 

trigonometrical framework. 

The later steps were the same :is under_ the ol~ system. It may b~ mentioned, as bearing 

on the general question of survey with the aid of au photographs, that 1t ":as always necessary 

to do a considerable amount of work on the ground, apart from contouring. Photographs 

give on certain questions, su"1! as the possible presence _of small streams, infor_mati?n that 

is uncertain, and no.information on others. sush as . height of banks, road classification and 

names. These points have consequently to be mvest1gated by the surveyor on the ground. As 

this work can be done concurrently 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 of the organisation, numbers employed, etc., which may be of 

value for future surveys. 

(i) Triangulation. A party consisted of two officers, one batman, two computers, 

a driver for one car, and a cook. Each r/20,000 sheet was completed, as an entity, on 

the ground, and the trig. values were despatched to Headquarters. 

(ii) Topography. Each party consisted _of four topographers and a cook. ·They 

were billetted centrally in a sheet and rode bicycles to and from their work. Learners 

were often added to a party, and these worked 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 was moved to Head­

quarters, ,vith a view to discussion between topographers and draughtsmen. In some 

cases draughtsmen were attached for a period to a field topographical party and topo­

graphers were attached to the drawing office, in order that a closer liaison between office 

and field might be established. 

(iv) Supervision. There were generally three triangulation and four topographical 

parties in the field at a time. Each party was visited weekly by the O.C. Depot 

Battalion. 

(v) Reproduction. All maps were reproduced by the Overseas Branch of the 

Or~nance Survey. Considera_ble tro~ble was experienced in making plates that would 

register "!"ell, _because the fair_ drawmg for each col?ur plate was generally done in 

several ·pieces m order to save time, the consequence bemg that unequal distortion in the 

paper occurred. The detail and water_ were generally drawn together, but as the con.­

tours were drawn on a separate sheet, 1t was often necessary to pull a blue impression 



from the detail pla_te "'.hich contained the grid, pin this to the photographer's screen, cut 
up_ th~ contou~ tracing mto as many as twenty pieces, and superimpose these with th 
gnd Imes fitting. e 

(vi) Personnel. 
Trig Officers 
Drawing Officers · ... 
Trig. Computers 
Topographical Surveyors 
Draughtsmen 
Batmen 
Cooks 
Motor Drivers 

Total personnel 

(e) Area Surveyed. 

6 

12 

20 
4 
8 
4 

Bo 

(e) The total area surveyed and mapped from the time that " back areas " were taken up 
in April, 1918, was as follows-in round numbers-

Area completed and published 
Partially completed 

2,180 sq. km. (1) 
4,810 sq. km. (2) 

6,990 

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

The results of this work have all been handed over to the French, and constitute a 
-valuable addition to the topography of northern France. 

For diagram of area surveyed during the war see p. 

7. Traverses. 
(a) Reason, for Adopting. 

(a) Throughout the war efforts were made to confine survey as much as possible to inter­
polations from already established trigonometrical points, rather than to rely on fixing posi­
tions by original measurement of length. The reasons are precisely those which have led to 
the introduction of interpolation on the plane table in contradistinction to traversing or to too 
much reliance upon intersection. The advantages of interpolation are briefly that the error 
of one point is not taken forward to the next, and that the whole is in tune with the trigono­
metrical control, even if it is not of highest relative accuracy. This explains why traverses 
were not more numerous, and why new surveyors were warned particularly against them. 

Nevertheless, in many cases, traverses were found necessary owing to lack of trig. control 
or to topographical difficulties. 

The traverses done may be divided into three classes:-
(a) For independent surveys for particular ends, as, for example, for Sound 

Ranging bases or for battery survey. . 
(b) For ·amplification of the direct control in difficult country, m order to 

provide points for " location " bases or for batterv survey. 
(c) For topographical purposes only, the accuracy required being that sufficient 

to keep within the limits of plottable error. 

(b) Traverses for Special Purposes. 

(b) It occasionally happened that the surveys of Sound Ranging mi_crophone positions 
done by direct interpolation were not of sufficient relative accuracy, and _1t was '!ecessar_Y m 
.consequence to resort to traversing. Such traverses were carried out with a 4-mch _micro­
meter theodolite and a 300-foot or 100-metre steel tape. It is to be noted that t!'e accuracy 
required in this case is greater than can be secured by Subtense or Tacheometnc methods. 
Distances were taped twice, and angles measured on one face on each ?f two separate arcs. 
In two or more cases, the azimuth was determined from sun observations, and the whole 
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survey was placed in position by such trig. interpolations or triangulation fr~m ihe back as 
was necessary. These surveys usually took 6 to 7 days: As Sound Rang!ng bases were 
often close to the line, the work was dangerous and often m!err~pted by shelling. In conse­
quence of this, on one occasion a base accurately surveyed_ m 1tselt was placed about 100 

vards wrong in position relative to the map, and to the hostile batteries as shown thereon .. A_s 
; general lesson it mav be said that traverses near the line should never be resorted to 1f 1t 
can be helped, because they take too long and are apt to get out of sympathy with the m~p. 
Traverses for battery survey were fairly frequent; as they were shorter and generally c3:rried 
out under cover, the same objections did not apply. It_ should be noted, however, !hat mall 
cases some check is essential, even if it be only a bearing check from the last pomt 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 difficult country, and interpolations were impossible. An example is 
the traverse from Bethune to Fleurbaix. This survey, which was carried out in four working 
days, was an invaluable aid in subsequent battery and location surveys. The points were 
carefully marked and described, and were recovered on many subsequent occasions. Other 
traverses were made for similar purposes, but not always with the same care and value, because 
of the tendency to mark the points badly and to make a description which included no 
measured distances. It is to be noted that traverses for the purpose of extending 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 
causes made interpolation impossible. Such traverses were run through the Foret de Nieppe, 
through a forest south-east of Cambrai, and in many other places. The accuracy required 
was that sufficient to introduce no plottable errors. In our service suhtense methods were not 
used, but they might have been with profit and advantage, as they are admirably suited to 
this class of traverse. 

(e) Tapes. 

(e) The tapes used were either steel or metallic-woven linen. At first tapes divided in 
feet were used, of stock pattern; but as metric units came more into use tapes divided in 
metres and metric subdivisions gradually replaced the others. 
. It may be noted here _that w~ere rapidity of work has to be combined with accuracy, as 
1s usual!y the case on a~t,ve service, _a ve~y convenient method of providing an automatic 
check with the least poss,_ble )oss of t":"e 1s to have tapes graduated in different units (say 
metre_s and feet) on opposite sides. This was not actually done during the war, but on many 
occas~ons such tapes wo~ld have been of great value. In the case of steel tapes, on which 
experience _showed th_at ,t wa_s best_ to m'."k th_e divisions with brass tallies rather than by 
engraved Imes, ~ertam practical d,fficult,es 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 i inch wide; l. inch was found to be too 
weak. 4 

. _Divi~ions should be marked by brass tallies, not by etching which becomes 
1lleg1ble m mud. ' 
. It is sufficient to_su_bdivide th~ terminal units only; if the divisions are in feet, 
mto !enths of a foot ; if m metres, mto decimetres, and the final decimetres into 
centimetres. 

b . The tape sh?uld project about a foot beyond the end divisions, to allow of its 
emg shortened m case of a break. 

fi Handles should be double swivelled. Each tape should have a drum made to 
t, and of about II inches diameter. ' 

. T~e steel tapes supplied were mostly 100 t ft A f of smular pattern were also provided. -me re or 300- . ew 30-metre steel tapes 
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. The _line~ tapes were of the usual 100-ft. O.S. pattern, or of 30-metre length, and divided 
on both sides m metres, d/m. and c/m. throughout. The usual leather box 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 suhtense measurement were used for measuring 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 

Survey-namely, tacheometry for measurement with a fixed angle on a graduated bar and 
su~tense for °:"easurement of the variable angle subtended by a bar of fixed length. Both are, 
stnctly speaking, subtense methods. 
. Subtense methods (using the term in the general sense) give an order of accuracy which 
1s sufficient only for the measurement of short and final distances-that is, those upon which 
n~thing else depends. These are eminently suitable for some purposes, and have been more 
widely developed in America and British Overseas Dominions than in England. They have 
not been so closely studied by British military 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 example, could not be practised near the front line, since it is necessary for a man to stand 
upright both 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 
comparative neglect of the method in this country) as a rule clumsy, heavy, and of antiquated 
design. Owing to the difficulty of obtaining good instruments and good staves, stadia wires 
were often inserted in diaphragms of theodolites at the H.Q. of the Field Survey Battalions, 
and 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 of graduation, it should be noted, eliminates the correction 
which is otherwise necessary when using an ordinary theodolite for tacheometry, because the 
bar is measured against the true distance. These home-made tacheometer bars were of great 
vah!e. 

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

For independent surveys near the line, subtense measurement is more suitable than 
tacheometry, because the line for the measured base can be laid flat and under cover. A 
subtense bar was taken out by the rst 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 lay out a short base rapidly. For the 
special purpose of the Ranging Section, which had to be ready in the shortest possible tune 
to take observations from the ends of a measured base to an aeroplane, a regular drill was 
developed by which the Section was able to measure a r ,ooo yd. base and have all ready for 
observation within half an hour. 

For battery survey subtense measurement is very useful. The final leg of a traverse, or 
a simple bearing and distance from an interpolation, can be measured straight to the pivot 
of a gun upon which a stadia rod or subtense bar 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 plane-table, the results being recorded 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 experi­
ence of the war showed that military survey in the field should, as far as possible, be based 
on the triangulation of the Field Survey Units and on interpo\a!ions from that trian~ulation. 
Subtense methods are suitable for some purposes, but the trammg of the surveyor m unde­
veloped countries, whose survey is usually complete in itself, often leads him to rely on 
traversing and subtense measurement, when interpolation would gene_rally . yield fa: ~etter 
results. It is also often the impulse of the young surveyor to comp1ete his su~ey_ m itself 
without thinking of the comparative uselessness (in man}'. cases) of work which is_ out ~f 
sympathy with the rest of the survey in the country. It 1s necessary to guard agamst this 
tendency. 
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Tl,e Resection Problem (G~neral _Staff, I (c)1 G.Hi.QJ ~~~d:!18~·-;;;;s wg~:S: 
three selected typical methods, mcludrng a graphicd medt o . o t foll!w than the first­
co-ordinates are known. It 1s more clearly expresse an easier o 
named work. 

The roblem of finding on the ground the position of a point whose co-ordinates have 
reviousl p been fixed is a development of the interpola~ion prob_l':"1- It . had to be solved 

~nstantl; for the fixing of microphone positions, which m the Bnt1sh s~rv1ce ,yeJe asf a ~ule 
laid out at equal intervals on the arc of a circle. The problem consists bne y o t ree 
operations :-

(i) Interpolation of a positio~ as near ~s possible to the ~equired point .. 
(•) Computation of the beanng and distance from the mterpolated p9mt 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 arival at the supposed correct position, as a check, and 
possibly a second bearing and distance had to be computed. 

11. Heights. 
\\'henever time and circumstances permitted, the contours of our own area were su~veyed 

on the ground. This was done by the usual topographical methods, n~ely, the drawmg of 
form-lines with the aid of the Indian clinometer, based on tngonometncal heights and the 
bench marks of the local levelling systems. . 

To be of use to the Artillery it was not sufficient for these form Imes to show the form 
of the ground only; they _had to conform as nearly as p_ossible to true contours, so ~hat they 
might provide accurate mformation as to ground heights. The degree to which they 
approached the true instrumentally surveyed contour. depended mainly on th_e skill and 
experience of the topographer, and as the area of operations expanded the propoit,on of really 
skilled men naturally decreased. 

For example, the formation of Corps Topographical Sections including 3 topographers 
theoretically provided an opportimity for doing some extra topographical work, as the fixing 
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 a rule not nearly skilled enough for this, 
which is almost the most difficult work a topographer has to do. Most of them had to be 
trained in the country, and it was impossible to produce a really skilled topographer in the 
time available. Further, the officers of the Sections were so occupied with office work that 
thev 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 d~ne by some.of the Observation Group 
officers. With the development of observation for rangmg on the au-burst, it became essential 
to know the exact height of the survey posts. These were determined instrumentally (with the 
theodolite) and the height was occasionally found ,fo disagree with the local contours. The 
Observati~n Groups included many keen and zealous officers who had a good knowledge oi 
topographical methods, and the result was a number of valuable additions to the map con 
tours in the neighbourhood of survey posts. 

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

(a) Officers, 
12. Personnel. 

(a) The position of the officer in charge of Trigonometrical work in a Field Survey Bat­
talion was a most important one, and increased in importance as the war went on J t requ · e<!. 
a s?und pro~essional knowle~ge_ and con_si_derable experience. Every F.S.B. had at least i~ne 
assistant. Tng. officer, and similar qualities of professional knowledge were required of him. 

Dunng the_ war the rule was mad~ that regular R. E. Officers we,e not to be employed in 
F.S.B., except_m co~~~- _The choice of survey officers was, therefore, limited to those who 
had. had experi;nce m civil life. Some excellent officers were obtained thus, among whom 
particular mention may be made of those who had had experience in the sun•eys of s. Africa 
Ceylon, and the Federated Malay States. ' 
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Officers with sui~able q~alificatio~s were also collected at the O.S. for this work, and put 
through a course of mstruction, and m 1918 a course was given at G.H.Q., France. 

As survey in the field is now recogni~ed as a military necessity we shall in any future 
war, doubtless, have regular officers available who have had peace training for the work. For 
any war of the n~ture of a European war we shall, however, certainly have to supplement the 
SUJ?Pl Y fro~ outside sources ; and those same sources will have to provide officers for territorial 
~n)ts. It i~ as well, therefore, here to emphasise the fact, amply proved by experience, that 
it is es_se:'1hal to have thoroughly competent officers for this work; and that, consequently, 
those civilian surveyors who are ear-marked for it should have special training and experience 
on manreuvres for the purpose. 

(b) Other Rank&. 

_ (b) It was expla_ined in Sect\on I. that the personnel of the original Survey Companies 
m England was distributed early m the war among various units. A number of these men 
were recovered. In many cases when they heard that survey was being undertaken in the 
field they applied to be allowed to return to their proper employment. Others had however 
already risen to higher rank in Field Companies or other units, and either could not' be spared 
or preferred to remain where chances of advancement appeared greater. 

When the supply of Ordnance Survey men ceased, the Survey units were dependent 
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 came from England had already 
had a course of training at the 0.S. This training was, naturally, sound; the men only 
lacked experience. 

Meli obtained in France were trained by attachment to experienced hands, or, in some 
cases, by regular courses of instruction held by F .S.B. 

Some very good men were obtained thus. As might be expected, however, the general 
level of the newer men was lower in toeographical knowledge 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 economical for all such survey to be done by survey units. 
On the other hand much survey work was done in the war by other units which could have 
been done 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 out specially from England to work under the Engineer-in­
Chief; the survey of forest areas carried out by plane-table, when at least half of the work 
was available in the French cada~tral surveys; and survey of railways, roads and mines, laid 
-0ut without any reference to the trig. points. The explanation of these cases lies, no doubt, 
largely in the employment of colonial cadastral surveyors, who are accustomed to work with­
out data because they live in countries in which none are available. In France, however, full 
data of all kinds were available; the Survey organisation was in touch with all so_urces of 
·survey information, and was in a position to advise on the most efficient and econom1~al way 
of carrying otit any large survey or levelling scheme, and to provide whatever matenal was 
available for the purpose. 

In the interests of economy of effort, so essential to sucq,ss in war as in all big under­
takings, it is, therefore, most important that all surveys which partake of the nature of_map­
ping, as distinct from the making of a plan of buildings or work~, should be referred, .m 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 exists, an~ also that such surveys are not 
only useful for the immediate purpose for which they are reqmred, but that they will also fit 
into the general scheme and be available for the revision .of existing maps. 
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SECTION III.--PRODUCTION IN THE OFFICE. 

1. Production of Small Scale Maps. 

The small scale maps used in France were prepared entirely m England, and do not 
therefore come within the scope of this history. It will be useful, however, m order to com­
plete the account of the maps used, to note tmefly how they were produced. 

(a) 1 j 250,000. 
(a) The 1 / 250 ,000 (4 miles to 1 inch) which covered B~lgium in four sheets and extended 

from Dunkerque to the Rhine, had been prepared at the \\ ar Office befor~ the ': ar, and was 
completed shortly after its outbreak. It was printed i_n five co_Iours (outlme, water, wood~, 
roads and contours), and was a first-class map of its kmd. This map was extended early m 
the war to cover the northern part of France down t'? ab'?ut the _47th degree of latitude, the 
work beina done at the Ordnance Survey. To economise tune a sunpler style was 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 a_dopted for t_he 
criginal four sheets, so that sheet Imes of the new and old sheets fell at a slight _a?-gle with 
each other. The new sheets were printed in five colours, and formed a useful addit10n 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 taken from the Belgian 1/40,000, and was printed in five 
colours. It was designed to cover the area of Belgium only, and extended only so far as. 
was necessary to include the frontier. It was published in ten sheets, of which one (Mons\ 
was much smaller than the remainder. 

As soon as th~ area of British operations settled down in the north this series of 1 / 100,000 
was extended westward and southward until it covered the whole of Northern France, to the 
coast and as far south as the 49th degree of latitude, in a uniform series of sheets. The 
extension westward was constructed from the French 1/80,000, and therefore gave no more­
information than was to be found 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 the N.E. of Belgium, was also produced from the Belgian and Dut~h 
1 / 100,000. The preparation 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 instructions of the Geogr3JJhical Section, War Office, from the German 
1/100,000. Early in the war the Ordnance Survey prepared colour plates for those maps. 

tc) 1 / 80,000. 

(c) The 1 / 80,000 used in the earlier part _of the war was a photographic reproduction 
of the French Carte de l'Etat Major .. The_ '?riginal map_ is not always easy to read owing 
!" th~ heavy black hachures. The Brihsh edi!lon suffere.d m the process of reproduction, and 
1s _shll ]ess clear. . Contours were added by us, based on the 1 / 200,000 map, and were 
pnnted m red. This map was produced by request of the Geographical 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 mentioned the 6 miles to 1 inch (1/380,160) of Belgium, the 1 / 500,00; 
of Northern France, and the 1 /M. of the Western Front. 

The 6-mile _map wa? a pre-war preparation; it was prepared and printed with layers 
by the Geographical Sec!lon, and was useful as a,general strategical map. 

_T_he 1(500,000 was p~epared by the Ordnance Survey, and was used chiefly for showing 
admm,strative areas and mdexes for large scale maps. 

The 1/M. was an extension_of one of the International 1/M. Series and covered the 
whole front from the coast to Switzerland. ' 
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2. Reproduction of French 1/50,000. 
Mention has been made of the reproduction of the French 1 / 50,000 (New Topo­

graphical Survey) by the Printing Company for the fighting on the Aisne in 1914. It is 
referred to here only because this was actually the first map on a scale larger than , /80,000 

to be used by the l!ritish 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 British Army found itself. 
It was printed in colours and distributed in small quantities. It had no squares. 

3. Enlargements of the l / 80,000. 
When, from the experience of the battle of the Aisne, the need for large scale maps 

(mainly for the use of Artillery) became apparent, the Ordnance Survey was requested to 
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 edition was produced in which the photo­
graphic enlargement was redrawn, which got rid of the coarse appearance of the first edition. 
It was, however, evident almost immediately that an enlargement from a small scale map has 
little practical value. On a small scale, such as the 1 / 100,000 or 1 / 80,000, the detail is of 
necessity generalised, and some features have to be greatly exaggerated (as, for example, 
the roads in their width). In an enlargement of such a map to the scale of 1 / 40,000 or 
1 / 20,000 the generalities and exaggerations become gross distortions; details such as houses 
a long roads are thrown entirely out of position, and the enlarged map no longer gives any­
thing approaching to a true representation of the features of the ground. The only possible 
value of such a map is to provide space to write notes and directions, for which the original 
small scale map does not give room, but for the purpose of accurate Artillery fire or trench 
representation it is quite useless. 

It may be worth while to mention that, should an enlarged map be required, 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 not 
accurate, but the redrawn map, with its finer detail, has a fictitious appearance of accuracy 
which is dangerous. 

4. Air Photography in Relation to Survey. 

(a) Erron in Air Photographs. 
(a) Air photography entered largely into all mapping questions after the earlier surveys 

had been completed. It played a particularly important part in the problem of mapping for­
ward areas, which was mainly office work, so that the subject requires special mention in this 
Section. 

Air photographs were used for mapping from an early date in the war. As soon as those 
concerned in their use went beyond the study of the individual photograph and tried to com­
bine several it was found that they were subject to a variety of errors which impaired their 
value. A detailed consideration of these .errors is a matter for a separate treatise, and would 
be out of place in this account. It is enough for our purpose to say that they may be classified. 
as:-

(i) Variation in, or uncertainty of, scale, due to variation in the height of the plane, 
inequalities in the ground, and oblique pointing of the camera (non-vertical exposure). 

(ii) Misrepresentation, due to relative motion of the plate and view during exposure 
or to lens distortion. 

(b) NeceHlly for Control and Rectification. 
(b) A careful investigation of these errors, which [particularly in the case of (i)] 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 !,ave devoted 
time and study to the subject, and who have moreover 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 the making of a good map. This is not the case. It is true that photographs, 
~ven when they_ include large errors of representation, provide an excellent pic!"re of, the 
ground which is of the greatest value, and for some purposes may be all that 1s reqmred. 
Thus a photograph of a portion of a trench system, though it may from various causes show 

J) 
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. . f ation that is required for finding out the nature ?f 
an inaccurate plan, _may give al_l the m orm e of ohstacles before them, and so be qmte 
those trenches, their orgamsat_10n afd hthes?/ Officer who is planning an attack. But the 
adequate from the point of_ view o t e a e osition of distance and bearing is required, 
moment that ac-curacy ol dehneatwn, of rel:11:pr~sentati~n of the detail in plan is of no use 
the photograph that does n?t give a correc r . . 
without control and correc~,on. 1. . t for two reasons. Firstly, it is desirable to explam 

It is necessary to emp asIZe t us pomb the Field Survey Battalions in the course of pro­
the necessity for the work thfat _wash d~ne yh Secondly it is necessary to guard against the 
ducing maps with the aid o atr ~ f1 ograp s_. g the exceilent "m~saics " made up of a large 
error into wh_ich many are dapt to ha ' t~ :°eu~ a mosaic provides all that is required in the 
1mmber of au photos fitte toget er, a s 

way ~::c:a~~~t~:1:~~tion is by no means_th~~~:cde~f'a![:'a:fa: ~pbe":O:~!!J 1:i~~ 
shown thai it 15/ 0 t aJ'";ri~t~r"t!~f:!· leu~~p becomfs useful to all arms, and to the Staff 
correct m orma ,on o d conse uent'1 much more valuable. To produce such a map was 
tt~r:;~~::h!op~:~~~;, ~~e soluti! '?f Jhich fell mainly to th~ survey o~ganisation, and the 
fi I d t of the latter was to provide an accurate representation of detail. 
ITS F ~;' this purpose the two requirements, in order to make proper use of photographs, are 

control and rectification. k h" h h h t h 
B . control is meant the provision of an accurate framewor t'? w 1c t e p _o ograp s 

can be) fitted in order to prevent the accumulation of s~all _errors _which m~y cause m the end 
a large displacement of position. Such an a':"~ulat10n is parllc~larly !!able to take place 
in the building up of a " mosaic " or compilation of . small ~orllons _wi~hout any ~ontrol. 
Even when the positions of certain points are fixed, the mtervenmg detail, if these P?tnts ~re 
far apart, may be greatly distort~d. The probl~m is not an ea~y one when deal~g with 
cadastral plans, as will be descn~ed later. It is much more difficult when dealmg with 
photos, with unknown errors and d1storti'?ns. . . m· 

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

(c) Control. 
(c) Control of air photographs is pn,wide? as a general rule by est_ablishing on the ground 

a reliable framework that can be recognised m the photos, but there is also another form of 
control provided by air photography itself which, though subordinate to survey control, is of 
great nnportance and is described below. . . . . . . 

(i) SunJey Contro/.-When the ground is accessible tbis affords no difficulty. A tngono­
metrical framework is surveyed, and provided that the trig. points can be identified on the 
photos,. and that there are en~ugh of them, the ~roblem is so_l,:ed. If detail betwee!' t!'e trig. 
points 1s accurately fixed, this, of course, provides an add1t1onal safeguard. This 1s what 
was done for all survey in rear of the front line in which air photos were utilised. The details 
of the methods adopted are described in Section II., para. 6. 

For the area in the enemy's occupation the problem was less simple, because here fewer 
points could be fixed, and no detail survey could be done on the ground. Reliance had, there­
fore, to be placed on a framework provided l;>y the old cadastral 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. reliable. Thus, wheh a photograph 
differed from a: cadastral it was not always possible to know which was correct. Every case 
had to be considered on its merits, and a sound judgment could be arrived at only after con­
siderable practice. In this work previous survey experience was a most valuable asset. On 
the whole the cadastrals provided a good and trustworthy general control and when they 
were not available, as was the case in certain areas, the map made from phot;graphs alone was 
considerably less accurate and reliable. 

(ii) Air-Photo Control.-If a photograph can he taken which covers an area of country 
sufficiently l~rge to inc_lu~e several. fixed points, it _is evident that it will supply a valuable 
control, provided that it is not suhiect to errors which cannot be corrected. To obtain such 
a photograph it must be take!' from a high altitude with a lens of short focal length and wide 
angle. Such a photograph is, from the purely military point of view (apart from military 
mapping), val!1able orily as ~roviding a ge!'eral indicat_ion of military works, areas of activity, 
new. construchon, etc., but it does not give the detailed information which is required for 
tact~cal purposes. Hence these small scale photographs are not as a rule in great request by 
the General Staff. 
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Their value in an unmapped country, or in any country in which mapping (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 warfare 
there seems little doubt that the taking of such photographs should be regarded as one of the 
first requirements when dealing with a new area, or with any new works or features. This is 
a very important point, because up to the end of the war this matter was regarded as one of 
desirability, but not of prime necessity-that is to say that an aeroplane was detailed for this 
special duty of high-altitude photography only if it could be spared from other work. There 
is no doubt that this led to the loss, or delay in provision, of military information of the 
highest value. 

One instance may be give,, to illustrate this point. In the German retreat on the Somme 
in 1917 it became of great importance to have good maps of the Hindenburg line of trenches, 
and it was especially important that these maps should be accurate as to position, on account 
of the artillery bombardments which would be required as a preliminary to attack. Many 
hundreds of air photographs were taken at low altitude, but in spite of repeated requests no 
high altitude photos were taken until later. As a result none of the numerous low altitude 
photographs could be utilised for mapping, be cause, owing to lack of detail in the ground, 
it was impossible to locate them accurately. Had a series of high altitude photos been taken 
first (and the weather conditions did not make 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 
1equired for the map. As mentioned above, it is subordinate to survey control, for the high 
altitude photos may evidently contain the same kind of errors as are found in those taken 
low down. But a good series of high altitude photos will supply a key to which the larger 
scale photos can be fitted, and may thus-though not providing a final plan-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 true plan. It may be done either by transferring the detail 
from a distorted photograph to its true position on the plan ; or by a previous correction of the 
photograph. 

As a preliminary it may be noted that the only errors in a photograph which can be 
completely rectified by geometrical or mechanical means are those variations of scale which are 
due to perspective effect caused by non-vertical 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 
as its distance from that point; so 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, nor is it easy to imagine the possibility of a method, which will correct, from a 
single photo, 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 the same area. Hence the methods described below do not 
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 
do or not will of course depend on the circumstance of the case. 

It may be mentioned that, with the best apparatus, high altitude photos appear to be free 
from errors due to movement of the camera during exposure or to lens distortion. 

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

A. Making the detail on the photo conform to the known position of that detail. 
This is the system of rectification by the trig. framework, and implies previous know­
ledge of the ground, hut requires no knowledge of the position of the camera during 
exposure. 

B. Correcting the amount by which _th!' optical axis of the _cam~ra deviat!'d from th_e 
vertical at the moment of exposure. This 1s the system of rect1ficat1on by smtable mam­
pulation of the camera, and implies knowledge of the "tilt," but requires no knowledge 
of the ground. 

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

\i) Geometrical or Survey Jlletlwds.-lt is eviden_t tha~ if a pla~ be di_storte_d merely 
by tilting, so that perspective effect is introduced, straight Imes rernam sJra1ght Imes, 3:"d 
prolongations, intersections, etc., may be used for the purp~se. of fixing detail, _which 
can then be plotted in its correct position on the true plan by s~ilar methods. 1:his was 
the method that came most naturally to our older surveyors, as 1t was that to which they 
had been trained for the purpose of correcting and inserting deJail ~vhen rev_ising Ordn'.'Ilce 
Survey maps. It was therefore by this method of geometncal mtersections, combmed 
with the use of proportional compasses to correct to the required scale, that most of our 
draughtsmen worked throughout the war. . Provided _that _there are no serious errors of 
"misrepresentation" in the photograph, this method 1s satisfactory_; but should_ there be 
such errors it is possible to plot detail qmte wrongly on the map, m complete ignorance 
of the fact that any mistake is being made. 

The French used a similar method, but based rather on pure geometry than on field 
methods, deJ)!'nding on the well-known geometric p~inciple (hat the ''.cross-ratios" o~ a 
pencil of four lines remain unaltered in a perspechve. It 1s theoretically _sound (which 
the use of proportionals is not) but is much slower to use. There are occasions when the 
method is of value, but it is not suitable for building up the detail of a map. 

(ii) Camera Lucida.-This instrument consists of a small prism mounted on an arm 
which can be screwed on to the edge of a table, and adjusted so that the prism is held at a 
convenient distance above the table. If now a map be fixed on the table beneath the 
prism, and a photograph mounted on a vertical board a short distance away, it is possible 
by looking downwards at the map past the edge of 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 the map, and if the board or easel has suitable move­
ments it can also be adjusted to correct 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 be drawn in far more quickly than if it has to be plotted 
point by point by "prolongations," proportional compass or any other methods. 

Unfortunately the adjustment, unless done by a trained man who thoroughly under­
stands the principles of perspective to which the distortion is due and how to correct it 
is rather difficult and may take a long time. The use of the apparatus also severely strain~ 
the eye, and for this reason it was not popular in our service. 
. The French made much use of it, but even their apparatus is susceptible of much 
llllprovement. 

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

(iii) Projectograph.-This was the name 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 p~oiectmg lantern designed to t_hrow_ the image of the photo­
graph on to the map or drawmg, at the correct scale and with distortion corrected by tilt­
_ing the negative._ T_he idea is obvious, and the theory simple; and more than one 
instrument of this kmd has been suggested and produced. Certain difficulties in the 
optical arrangements are, however, encountered, and in the model in question an appara­
tus w~s produced that was altogether _too bulky an_d cumbersome, and it was little used. 

(1v_) Corrected photos,-T:he proJe?togr~ph aimed at combining in one operation 
the vanous processes of correction for d1storhon and for scale, and of application to the 
map. It is questionable _whe~he~ it is sound to attempt so much. In the 4th F.S.B. 
Lt.-Col. MacLeod and his prmtmg officer, C~pt. Cursiter, devoted much attention to 
the problem of correctmg the photograph, leavmg the application to the map to be donr 
la(e~- The method evolved depended upon the _identification of four i'i.,ed points (the 
mmunum necess~ry to solve the l(roblem). The unage of the negative was projected upon 
a screen '?n which the fixe~ pom!• were ':orrectly plotted; an ordinary projecting 
)antern bem~ used: bu\ provided _with a special ar!angement for tilting the copying board 
m any reqmred direchon. Provided that the "hit " be not too great (more than 4o) 
new _Photograph can thus be made, correct !o scale and free from all distortion that it i! 
poss1b_le to remove. The corrected photo 1s then handed to the draughtsman who can 
trace 1t at once on to the map. ' 
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The :orrectio~ of air p~otos _by a simil":r method was tried by Capt. Thomas, 
R.A. F., m Palestme, but discontmued as bemg too laborious. It seems probable, how­
eve_r, t_ha( the l'rocedure m each case was governed by local conditions rather than by 
its mtrmsic ~ents. In France there w_as a fair!y good skeleton of trig. points and cadas­
trals on which to_ hang photog_raphs_; m Palestme there was practically nothing. 

(v) C onclus,on.-A _consideratzon of the above methods leads to the conclusion that 
the proc_edure ad~pted m the 4th F.S.B. was the soundest. On the principle that 
speciahsmg m vanous fun?llons leads to economy and efficiency, it is evident that the 
<lrau_ghtsman should be reh~ve? of all work except his own proper duty of transferring 
detazls to the map. Hence it is sound to confine all photo correction to another branch 
and. to hand over the corrected photo to the draughtsmar.. His work is then simple and 
straightforward and he can use the photo without further thought. 

(e) Considerations for Future. 

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

But it is evident that it may not always be possible to obtain a recognisable trig. frame­
work in the area to be photographed (as was actually the ca.;e, to a large extent, in Mesopo­
tamia and Palestine), and that it would be of great value if we could be independent, at any 
rate to some extent, of such a framework. In other words it is most desirable that we should 
be able, if possible, to work on system B, the rectification of photographs by correcting the 
tilt. For this purpose what is required is an automatic means of registering, on the plate, if 
possible, the amount and direction of t_he tilt at the moment of exposure. 

Knowledge of the tilt would not only be valuable when no trig. points existed; it would 
also sa,·e a great deal of time in the rectification of photos by fixed points. At present with­
out such. knowledge the correct relative position of negative and copying board has to be 
determined by trial 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 bring it to its proper position, and the time 
required to rectify the photo is greatly reduced. This means also that it might be possible 
to produce accurate mosaics 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, and this can only be obtained by a knowledge of the height of the 
camera above the ground at the moment of exposure. At present we are dependent for this 
knowledge on barometer readings combined with knowledge of the height of the ground itself 
above sea level, and this can hardly be regarded as a sufficiently accurate method for the pur­
pose. The alternative would seem to be to record height above the ground by observation. 
A possible means, sug'gested by Capt. Thomas, would be the taking of stereoscopic photo­
graphs from the extremities of the aeroplane wings. 

It should be noted that knowledge of tilt will enable a photograph to be rectified, and 
know ledge of height will enable scale to be fixed ; but that these cannot either alone or in 
combination remove the necessity for ultimate control by fixed points. 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 out a topographical survey on 
the ground. But if we can rectify the photographs 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 photograpny; it will save 
much time; and it will enable photographs to be used with sufficient accuracy pending the 
subsequent 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 of determining heights from photos. 

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

In considering the question of the direction in which future experiment in reference to 
the pointing of the camera should be carried '?ut, the possibility of en_surini; vertic~lity natur­
allv suggests itself, as this would do away with the necessity for regis_tratzon of tzlt, and for 
rectification of the photograph, otherwise than for scale. A gyroscopic ~~er~ was actually 
constructed with this idea in view in February, 1919, but at the time of wntmg it h~s not be7n 
tested in the air. Failing automatic means, an observer could point the camera with the aid 



38 

of a suitable le,·el or plumb bob, provided that the plane were moving at the time at a uniform 

,·elocitr in a straight line. . r ll f 
It is of course, impossible to ensure by any ?leans absolute vertica _1ty at a _,mes_, as 

there mu~t alwavs be some residual error. It might, how~v~r, _be P?ss1ble to obtam direc­
tion sufficientlv ;,ear the vertical to serve the purpose, and 1t 1s m this sense that the word 

,·erticalitv is used. . . . . . h d' . f . 
Thefe are, however, reasons m favour of m,·estigatmg m t e irectmn o securing 

automatic means of registering tilt. These reasons are :-

( 1) Flying conditions (either_ atmospheric or due to th~ enem)'.) wi_ll often ma~e 
the steady flying necessary for _taking vertical _photographs 1mposs1b!e, and even m 
the best conditions accidents will happen at times. Such_ cases will m'.'-ke pho_to­
graphs taken out of the vertical failures, or at any rate difficult to rectify, which 
would not be the case were the tilt ~utomatically measured. . . . 

( 2 ) It is actually desirable at times to take_ph?tograph_s with a tilt, ~rov1de~ that 
the tilt can be measured; for example, to obtam mformation about vertical rehef. 

For these reasons experiments in the direction of securin~ a~tomatic registration of tilt 
would seem to be more important than attempts to secure verticality. . 

We may then sum up the conditio_ns 1;1ecessary to_ all<;>w ?f ai~ photog~aphs !='emg !-'sed 
successfully for mapping, with an indication of t~e ~!lection m wh1c~ ex~enment !s reqmred. 

Some of these conditions are of general application; but the subiect 1s here viewed from 
the standpoint of military requirements. 

1. In order to use an air photo for mapping we must either-
(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 measured, 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 must be 
kept to a minimum, this means covering 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 above the ground, and the 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 single exposure. Scheimpflug's system might with advantage 
be studied in this connection. 

(I) Use of Air Photos. 

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

(i) Topographical detail. The use for this purpose is too obvious to require descrip­
tion. Experience was needed to detect the presence of hedges, fences and walls, ditches 
and small streams, etc., and to distinguish correctly between these features. 

(ii) Trmches. Besides the plan of the trenches much information could be 
deduced from good photos with regard to their depth and nature, and the position of 
bomb and ammunition stores, trench mortar and machine gun emplacements. The 
elucidation of thes,e points lay within the province of the General Staff, but in practice 
a large amount (in some cases the bulk) of this work was done in the F.S.B., whose 
personnel were peculiar! y fitted for it both by their previous training and by their close­
examination of air photos for mapping purposes. 

It should be noted that air photos afforded the only reliable means of mapping our 
own trenches, as these could not be surveyed by ordinary methods. It therefore became 
of importance to take air photos over our own lines as well as the enemy's. 

(iii) Battery positions. Whenever a battery could be seen from the air the air-photo, 
formed the final evidence of its position. But in most cases the position could not be 
seen, though air photos would often afford contributory evidence, such as track marks. 
Usually the position adopted was a weighted mean between the results of Sound Ranging; 
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and Flash Spotting, and the evidence of the photos, if the latter gave evidence which 
differed. 

It may ~e said that in the ea_rly d_ays, before much trust was put in the results of 
Sound Ranging and Flash Spotting, 1t was considered that a battery was not finally 
fixed without the evidence of the air photo. At a later date, when Sound Ranging and 
Flash Spotting had proved their reliability, proportionately less importance was attached 
to the air-photo. 

_The work of ~xing posit_i~ns fell to the Compilation Section. Much experience was 
r~qmred to determine the pos11Ion of well-concealed batteries, such as those in woods and 
villages. 

(iv) Enemy organisation. An exhaustive study of air photos revealed much informa­
tion with regard to frequently used roads or tracks, centres of activity ammunition and 
supply_ dumps,. te!ephone !ines, and other details bearing on enemy o~ganisation. The 
col)ect,on of this informat10n wa~ the work of the G~neral Staff, but in practice, in this 

· as in other cases, a great deal of 1t was done by the Field Survey Battalions in the course 
of their photo-examination. for map making. Enemy organisation maps were thus pro­
duced which proved of great assistance to the Artillery. 

(v) Ground forms. A good deal more information with regard to ground forms can 
be extracted from air photos than would 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 para­
graph 5 (d). 

(g) Co-operation between R.A.F. and Survey. 

(g) Close co-operation of the R.A.F. with the Survey organisation 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 functions and 
duties of the R.A.F. in this respect. If it be acknowledged that the basis of distributing 
accurate information about the enemy is in the large majority of cases a good map, it follows 
that such a policy should be laid down; and that it should be clearly recognised that one of 
the first duties, if not 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 between the G.S. Intelligence 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 Section in 
the future would appear to be liaison with the Field Survey units, and with the Artillery 
Survey units. 

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

(a) The account of survey given in Section II. deals entirely with the mapping of areas 
under our own control. The mapping of forward areas, however, though taking a shorter 
time to describe, oc;cupied by far the greater portion of the time of the Field Survey Battalions, 
This work presents a very different problem from that of the survey on the ground. Topo­
graphers cannot be sent on the ground ; few points can be fixed, and those that are fixed are 
liable to be obliterated; while 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 getting a reliable topographical frame­
work of an area which cannot be visited is in fact very great. 

(b) Early G.S. Maps. 

(b) Mention has already been made (I. 5) of the fact that up to the middle of 1915 the 
responsibility for maps of forward areas lay with the Intelligence Branch of the General Staff. 
These maps had been produced without any general scheme of sheet lines, without r~cou~se to 
the trig. skeleton, and without much teclmical skill. Indeed, the work of map making 1s not 
so intrinsically simple that it can be pursued with success at a mom~nt's notice by ~ne unac­
quainted with the guiding principles. Numerous cases' occurred which deserve mention. For 
example, in one enlargement contours were drawn based on the_ bench marks of sy~tems whose 
data: differed considerably. In another case a marsh was inserted on the evidence _of a 
refugee, when all the topographical data available gave evidence to th~ contra~y_. Exp_enence 
generally showed that reports by agents or refugees as to )opograph,cal pos1t10n baa to be 
accepted with great caution. It became evident that compilation, where actual survey was 
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· 'bi · called for expert handling even more than maps of the area behind our own line. 
,mpos;; a etirst step, air photographs were handed over _to the " Maps and Printi_ng Sections," 
who transferred information to the maps by proportmnal compasses and detail. The ,york 
1:,ecom· too great for their limited staff, Ordnance Survey draughtsmen were obtained 
by M;~ G.H.Q., given a short preliminary training, and two were sent to each of these 

Sections. 

(c) Compilation Maps. 

(c) Later the problem was met by the use of the old cadastral plans, described in II. 
1 (d). As explained in that section, these fol"11': the most valuabl_e framework for a modern map, 
provided that there is some means of checking them and bringing 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 such trigonometrical points as it was 
possible to fix or to identify. This compilati,,m was filled in, co~rected and brought up to date 
by means of air photos, and also by such railway, canal, or 111ine pl3:11s as were found to be 
reliable. The air photos provided the best evidence of what detail was actually on the 
ground, and required only to be controlled by a reliabl: 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 October, 1915. This was 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, but the 1/10,000 index diagrams. The former were used whe11 avail­
able. but it frequently happened that they were not, in which case there was no course left but 
to use the r / 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 with the pantagraph; 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 number 

of plans being invohed. The work was done partly in France (by the Service Geographique, 
the Field Survey Battalions, or by the Overseas Branch of the Ordnance Survey) and 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 an~ reliable representations of the ground in plan, with few omissions of importance. 
There remained the difficulty of representing the vertical relief. The lines of levels of the 
NiYellement General pr~vided an accurate control, _but were of little use for determining 
ground f_orms, as these Imes are confined almost entirely to roads, canals, and railways .. The 
only information generally av~lable was the hachured 1 /80,000 map. These hachures are 
based on form Imes ~ketched ongin_ally in the field, and redrawn in the office. Reproductions 
of these office drawmgs were obtamable for some areas, and these, or in their absence the 
hachured features of t~e r / 807000 map, served as the basis for the contouring of the forward 
areas. \~herever _possible railway or other plans were utilised, and these often provided 
valuable mforma!lon. A great deal of information was also obtained from the air photos 
themselves: The courses of small streams, areas of standing water, the lines of ploughing 
or cultivation, s~adows thrown by the sun when near the horizon all provided evidence of 
ground forms which the expert was able to utilise. ' 

The difficulties encou~tered were, however, great. The shape of the ground as shown 
b_y the 1/80,000 hachures 1s often wrong, and there are errors in the spot levels which occa­
sionally_ reach nearly 20 metres. The r / 80,000 therefore affords but a poor basis for 
~ntfuring on the r / 20,_ooo scale, an~ in spite of all° the labour spent on them the contours of 
t e orward areas remamed of necessity the weakest part of an otherwise excellent map 

It wa~ hoped that the capture of enemy maps would supply reliable material f~r the 
representation of ground forms, but the German maps were disappointing in this as in other 
;rpects. Some of the most recent maps bear evidence of contouring on the ground but for 

e greater part of the war, a!'? for the bulk of their area, the Germans seem to have been 
~~!enb~etno ocfoplyttFl rench _or 1Bntl1Sh maps, or to rely on conventional form lines which could 

1 e prachca va ue. 
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(e) Maps of our own Trenchea. 

(e) The ~apping of our own tre!'ches, though not strictly speaking in the forward area, 
pr~nted a sumlar prop!~, as ?rdmary suryey methods were not usually possible. The 
subJect has been dealt with m Sect10n II. Vanous attempts were made, without great success, 
to map_ our own trenches by work on ~he gr~und. The subsequent development of mapping 
from au-photographs, however, made 1t 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 midsummer, 1917, had joined up in most places with the 
fronti~r Plans D\recteurs or the Belgi'.'n maps. Difficulties were m~t w!th in places. Opposite 
the Fust Army, m the La Bassee region, there was an area for which 1t was found impossible 
to obtain cadastrals, and the maps here at a late date barely reached finality with 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 the lack of draughtsmen, many of whom had been sent to reinforce the 
northern Companies during the fighting on the Passchendaele Ridge. 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 seep. 

6. Drawing Office. 
The chief duties in the drawing offices 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 detail in para. 5 (c) and 
Sect._ II. 6. T.he 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 pro­
cesses may be briefly recapitulated as follows :-

1. Drawing correctly to scale sheet lines and grid, and plotting trig. points. 
2, Plotting of intervening detail, such as cross-roads, if these had been fixed. 
3. Transferring outline of cadastrals to sheet, hung on to trig. or other fixed points 

where it was possible to identify them. 
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 material was available. 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 (x) Outline (including grid), water and 
names, ( 2) Contours, (3) Trenches. 

On the drawing for outline and water the black detail was drawn in black and the blue 
detail in cadmium. This method ensured negatives of identical size and so made registration 
easier, but it had the disadvantage that it entailed a large amount of duffing out on the nega­
tive, 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 water-plates. The latter method gave a drawing which was less liable to distor­
tion 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 be found, was that of drawing for different scales of reproduction. During trench 
warfare maps on three scales were required-namely, 1/40,000, 1/20,000 and 1/10,000-

and maps on r / 5,000 scale were also produced in many places, When operations became 
more mobile, and it was impossible to continue the larger scales, there was still a demand for 
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both I I o,ooo and 1 / ,o,ooo, until movement became rapid. The difficulty was h?w to p_ro: 
<luce th!se different scales in a satisfactory manner, because, on the .ote hand{ ,t wast ,m 

t~i?~if :~:~F-~i;;as~1~;}!F.:.2:m1l~:i;;:~i:~1;ri~~::/~ih~~e ~!:1:~~1:! 
r/ ~ 000 t/zo,ooo and i/ro,ooo. The result.was, ~owever, that.the 1 _10,00? was coarse and did ~ot represent the detail truly, so that d1fficul~1es "'.er~ expen~nced m fittmg trenches, 
while the 1 / 40,000 tended to hecOme illegible. There is a J,mit to "'.h,c_h ~nl_argement or reduc­
t'on can be satisfactorily carried out by mechanical means, and this hm1~ is passed when the 
s~ale is halved or doubled, unless special provision is made in the, drawmg. 

It was generally agreed that the 1 / 20,000 map was the most ,mportant of all. It made 
a good trench map, it was suitable for artillery, and it covered enough area t_o _allo"'. of some 
movement. At the same time the 1 / 40,000 was_ a most useful map for adm~1strahve wo_rk, 
and in the complicated system that grew up with trench warf~re was pracllcally _essen(ial. 
The most satisfactory result was therefore obtained by drawm_g the I/ 20,0'?0 with _sl~ght 
modifications to make it suitable for reduction to 1 / 40,000 .. This meant drawmg detail JUSt 
on the large side, and writing names rather larger than stnctly necessary for t_he 1 / 20,000 
scale. The result was a 1 / 20,000 map which, though. rather bol~er t~an require_d for that 
scale, was not coarse or repellent, and a 1 / 4'?,ooo which was legible m a bad hght.. The 
1 / 10,000, if required, had to be drawn specially ·on _tha\ scale, as wa~ the case_ with _the 
1 / 5 000 This policy seems to be the correct one. It 1s probable that with an easily legible 
1/ 2~000~ the demand for the 1/10,000 scale would be greatly reduced. (See also para. 8(c)). 

fd) Conventional Signs, 

(d) The conventional signs used on :1Jritish maps showe_d the Ordnance Survey tradition. 
Most of the signs used were the regulation O.S. signs, which w,ere to hand and the use of 
which saved much time early in the war, and the stamps used were supplied by the O.S. These 
signs, though suitable for the O.S. large scale maps, were less suited to the smaller sc":le& 
used in the war and to the character of the country represented. As an example, the tree sign 
may be quoted. When this was used to denote the tree-lined roads which are such a common 
feature in France, or the small orchards which often surround villages, the result was inclined 
to be heavy. The French conventional signs are, as a rule, lighter than ours, and when, in 
1918, the order was issued by Marshal Foch that steps were to be taken to ,;ecure uniformity 
of signs used on Allied maps, the British cartographers welcomed the opportunity of adopting 
many of the French signs. A uniform system of signs was agreed to at Inter-Allied Con­
ferences 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 intervened. In justice to the O.S. signs it 
is, however, only fair to add that the objections to them were largely due 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 ha& 
always been adopted in England for military and O.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 obstacle a,; 
a boundary by a broken l~e. In a country whe_re hedges, etc., are very uncommon nearly 
all roads were thus shown with pecked or broken Imes, 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 w~s found that °!ap use~s much preferred to be able to see clearly where the road 
was, "'!'d. also .its traffic capacity (which c?uld be denoted by the thickness of the line) than to 
know if it had hedges or not. Here agam the question was largely decided by the character 
of the topographical detail in the country . 

. The quest\on of uniformity of conventional signs is one of considerable importance when 
All1e_s _are workmg together, and one which should undoubtedly be borne in mind when making 
prnv1s1on for the future. 

le) Application of Air Photos to Drawing. 

(e) The question_ of application of air photographs to survey and. hence to map drawing 
has already been consider.ed m some detail in para. 4, and therefore need not be treated at 
lenjlth here. !opograph,ca_l draug~tsmen who have to supply detail from air photos must be 
tramed t'? their use, and neither quick nor accurate work is to be expected from those who are 
not so tramed. As stated in para. 4, it is best, if possible, to supply the draughtsman with 
photos that have already been corrected for distortion. In addition, it usually saves time and 
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mistakes to have the photos previously marked by an expert to show special details, or those 
that are obscure and difficult to recognise. Many draughtsmen become experts, but it should 
not be regarded as the duty of a draughtsman, as such, to recognise 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 duty of an expert, 
who 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 having correct topographical detail on the map to start with. 

(II) Drawing for New Editions. 

(g) New editions were brought out from time to time, when change in the detail IJlade 
this necessary. In topographical detail changes in the maps were usually the result of better 
information obtained from air-photos or otherwise, in trench detail the changes were generally 
due to new work in the trenches themselves. 

The method of preparing a drawing for a new edition to be prepared at the Ordnance 
Survey, Southampton, depended on the amount of change required. If this was great, an 
entirely new drawing was prepared; if it was small, a correction 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 mater.al and information, com­
bined 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 every 
sheet, which would show the various stages through which it passed, the nature and reliability 
of the material embodied, or any other explanatory information that might be useful. 
Instructions were consequently issued that a " Sheet History " should be maintained of every 
sheet, embodying the above information. As these instructions were given at a late date in 
the war the work of compiling the history sheets was heavy, and in many cases it proved 
impossible to pr~pare them. 

The point is, however, an important one to note for future use. Such History Sheets 
if started 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 have not 
the advantage of personal knowledge of its earlier history. 

7. Types of Map Produced. 
The following are the various types of map produced for use on the Westem 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, wall, strategical 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 became a trench 

and 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 Artillery of longest range. 

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

The r / 10,000 was regarded as essentially the infantry trench map, it being possible to 
show on this scale · all but the minutest detail. This map was also used to a large extent by 
field artillery. . 

The 1 / 5,000 was never issued as a rsgular trench map, but certam sheets were pro­
duced on this scale at various times and generally for special purposes. It was commo'!ly 
used for the preparation of special village plans. In 1916 the Fifth Army m_ade a special 
point of this scale, and a series of maps was produced by the 5th F .S.B. covermg the Army 
front. 
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(b) Forms. . 
(b) The above-mentioned maps were produced in a variety of forms. They were pnnted 

in different ways according to the use to which they were to be put, •-~-, full "?lours for g~e_ral 
use, or light grey outline to serve as a background for overpnn_tmg 10format1on. In add,t)on 
certain special editions of all _scales were brought out for vanous purposes. The followmg 
list includes most of the maps issued. 

Administrative Maps. . 
(i) Admim'strative Areas.-Made to suit the area of the Army or other fo~at1on 

concerned. Usually on 1 / 100,000 scale, and latterly often made by reducmg the 
1 / 40 ooo so that square references could be used. 

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

(iii) Railway.-A variety of these were kept at G.H.9. One IIIl:portant map was a 
reproduction of the Chemin de. Fer ~u Nord system showmg all stat10ns. Another was 
a diagram of our own system, mcludmg narrow gauge and trench tramways. _For some 
time each Army produced its own type, but at_ the end_of 19!7' a stan?ard senes of five 
1 ; ,oo,ooo Railway maps was int~~duced, the information bemg supplied by the D.G.T. 
These maps required constant rev1S1on to keep them up to date. 

Intelligence Maps. 
(iv) Enemy Order of Battle.-Produced periodically by G.S. Intelligence at G.H.Q. 

and Armies to show dispositions of enemy troops. 
(v) Various other kinds, to illustrate summaries of information, to show locations of 

hostile aerodromes, details of enemy rear organisation, etc. 

Engineer Intelligence Maps. 
(vi) Road and Bridge.-Showed positions, types and capacity of bridges, quality of 

roads, and gauge of railways, printed in colours on grey I/ 100,000 sheets. Information 
prepared aCfirst by E. in C., and later by G.S. 1(a). 

(vii) Water Supply.-A series similar to the Road and Bridge, prepared in the office 
of the E. in C. Showed details of water supply. 

(viii) Geological.-Information prepared by E. in C. 

Artillery Maps. 
(ix) Hostile Battery Position Maps.-These embodied the results of the work of 

Sound-Ranging Sections, Observation Groups, Aeroplane Reconnaissances, etc., as 
digested and compiled by the F .S.B. Compilation Sections and agreed to by the R.A. 
They showed battery positions that had been fixed, areas that were suspected, zones and 
zone numbers. These maps were, with few exceptions, on the 1 / 20,000 scale. 

(x) Enemy Organisation Maps.-This was the term finally adopted for maps pro·­
duced in all Armies under slightly different names, such as Target and Harassing Fire, 
but all with practically the same object in view-namely, to show where the enemy was 
busiest, his main lines of communication and supply, and his various nerve centres, for the 
purpose of enabling the Artillery to harass him with the greatest effect. These were, as a 
rule, produced on the 1 / 20,000 scale. They were occasionally combined with the Hostile 
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 

dlVlded mto:-

Ordin'!ry ~dition, ~bowing enemy trenches, and at successive stages of the war 
the fo!lowmg information about our own trenches :-(1) nil; (2) front line; (3) 
f_ron\-lme system to depth of about 600 yards; (4) all trenches, but making no dis­
tinction between old and new, used and unused. 

Secret.-!he issue of a secret tr~nch map _was at first confined to the I/ 10,000 
scale, an?_until 1918 any representation of Alhed trenches was considered as within 
t~e defimtlon of secre\. In January, 1918, it was ruled that a map need not be con­
sidered secret unless 1t gave information which could not be obtained from an air 
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photograph, and under this new· definition the secret edition was limited to the 
1 / 20,000 scale, unless the Army specially ordered a secret 1 / 10,000. 

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

Maps Showing our own Trenches Distorted.-These were produced in response 
to !he great need for maps. of our own trenches. The. idea was to provide a map 
which would serve as a gmde to the trenches, but which would be useless (as an 
artilfery map) ~o the en~_my if captured. Trenches were consequently shown as con­
ventlonahsed Imes, bea~mg ~o resemblance to the tr1;1e s~ape in plan, but preserving 
the correct number of Junctl~ns, cross and commumcat10n trenches, and giving the 
trench names. These maps did not prove of great value and were not continued. 

. Sectional M aps.-These w~re sections of· the ordinary 1 / 10,000 trench maps, 
wide enough for an Infantry Bngade front. A blank margin was provided on which 
various tactical information about the front was printed. British trenches were 
shown by the conventional system described above. These maps were designed in the 
First Army; they were not ordered for general use, and found little favour else­
wh_ere. They had serious disadvant~ges from the point of view of production, as 
Brigade areas were constantly changmg, and every change involved the production 
of a new map and the cancellation of an old one. They were gradually dropped 

Miscellaneous Maps. 
(xiii) Special Flying Maps.-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 to this end 
the ground-work 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 preparation, but it is 
believed that these maps were not widely used. 

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

(xv) M e_ssage Maps and Traces.-A 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, numbers, 
ammunition and reinforcements required and similar information, and strike out irrelevant 
parts. In a later form tracing paper was used with the grid only printed on it, on which 
the sender could trace a portion of the map to describe his position. These message 
maps proved very useful for sending back information during attacks. · 

(xvi) Maps for Corps Typo. Sections.-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 in the Ellam Duplicator, and consisted of portions of 
maps (usually 1 / 20,000 scale) of brief size. These were issued by the Corps Topo. 
Sections with information of vi.rious kinds overprinted. A large number of these maps 
were also used without overprint, as they were of a handy size and convenient for writing 
reports. 

(xvii) Situation Maps.-To show positions reached by our own troops. Usually 
overprinted on existing trench maps, and issued during the progress of a battle. 

(xviii) River and Canal Pocket Maps were prepared 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, follow­
ing the cou_rse of the particular river or canal which it illustrated, and folding within a 
cover to go into the pocket. The scale was 1 / 20,000. The information was provided by 
Commandant 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. 

tc) Layered and Shaded Maps. 
(c) In addition to the above, certain of both small and large scale maps were published 

in layered form-i.e., showing differences of altitude by tints. A layered edition of the 
1 / 100,000 and the 1 / 40,000 was produced in England comparatively 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 practise to colour layers on the 1 / 20,000· and 
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, b . 1 d d this Jed to a demand for a printed layered edition. In_ response to 
I• 10,000 ) ,an ' an h were rinted by the Field Survey Battalions, but no 
this vanous layered f If :·:e~oths.;:ei; 40 ooo pwere produced as a regular issue. It was realised 
l~yered ~ap~i~h: s~~s~y ~ilitary education of officers, the s!andard of m~p reading was not t/~ :an~everal attempts were made to produc<: a .map which would ass1si the user to read 
th! 'round forms without involving too much pnntu:,g. A larered map w1t.h several shades 
of o~e tint (requiring only one extra printing) was tned, but d1_d not meet with ~u~, favour. 
Hill shading was also tried, but with a similar result. An experunent was_ made ~!th shaded 
contours "-i.e., contours heavily shaded on their southe~ and eastern sides, g1vmg the map 
the appearance of a model made of cardboard Jay~rs. This, _though.'an eyesore from the carto­
graphic point of view, was said to be of great assistance to mexpenenced map users,. and was 
strongly advocated by more than one practical officer .. As a whole, however, the feeling about 
a map of this kind was half-hearted, and no general issue was made. 

(d) Models. 
(d) A consequence of the settled conditions of trench warfare was the production of _reli7f 

or model maps of various kinds. To meet the demand the W.O. undertook the production m 
quantity of plaster models of r / 20,000 sheets. The work ~as entrust7d to an agent, wh_o 
organised a staff for the purpose. These m'?dels wer~ made with the vertical. scale .t? the hon­
zontal as 4 to r. The map, printed on special extensible paper, was pasted m position on the 
plaster. Models of this nature were issued to the higher commands, and proved very useful for 
the study of the ground. 

The plaster models were rel?roduced from an original, the basis of which wa~ a se~ies of 
cardboard layers of suitable thickness, each cut to the ~hape of a contou~. This bas,~ was 
covered with wax, moulded to shape, and a plaster matnx was taken from 1t. An expenment 
was tried with the cardboard layers only, the map being previously mounted or printed on 
each layer. The result was a model which represented the ground as a series of ledges or steps, 
the proportion of the vertical to the horizontal scale being as 4½ to 1 ( or for exceptionally flat 
areas, 9 to r). Though they were to some degree a false representation, these cardboard 
models proved to be very popular. They had several advantages. They were light, they did 
not break if dropped, or, if damaged, were easily repaired, and it was possible to stick pins 
into them and draw on them. A disadvantage was that each model had to be made indepen­
dently, so that they were expensive. The Ordnance S_urvey organised the supply of these card­
board models, and produced one thousand of them. They were issued in sets, to cover the 
front of 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 commanders, hut it is also certain that many were never used at all, or were 
mishandled, lost, or taken away as mementoes. On the whole, considering their cost and the 
fact that they cannot be kept up to date, it is questionable whether they are worth making and 
whether the money would not be better expended on layered maps. 

8. Map Policy. 
It will be of advantage to consider shortly the policy followed in certain map questions 

during the war with a view to guidance in the future. 

(a) Tactical MapL 

(a) The question of what was the official tactical map was raised on more than one occasion 
during the war and has been mentioned since. It is, however, impossible to lay down that 
any o.ne map shall be the tactical map at all times and in all circumstances. During this war 
occas1'?ns have been frequent ':"hen a r / 5,000 map was essential in order to carry out a tactical 
operation such as_ a trench ra1.d. For settled trench warfare the r / 10,000 might be taken as 
tne scale for t~e mfantry tactical map. With increased activity and the possibility of move­
ments of the !me the 1 / 20,000 became the tactical map; with mobile warfare the 1 / 40 ooc 
Uecame necessary. ' 

Thus t!'e scale of the tactical map depends entirely on the nature of the operations and 
Jn the relative degree of movement. ' 

One clear lesson, howe.ve;, is that for ~odern fighting, in which the co-operation of an 
arms and t~e mutual transm:iss1on of_ accurate information is so important, a gridded or squared 
map of fauly large scale 1s essential. We used the r / 40 ooo · probably / · h 
smallest practicahle scale. ' ' 1 5°,000 1s t e 
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. The 1 / 100,000, ~ormerly regarded as a t_actical ~ap, is too small for European fighting. 
It 1s useful for marchmg, but as soon as fight mg begms the larger scale is necessary. 

Throughout the war the fact that we might eventually have to come back to the 1 / 1oo 000 
was kept in sight, and troops were reminded that they should be familiar with its use and the 
event proved that this policy was correct, though not in the sense that had been foresee~. When 
eventually it came again into general use it was as a marching map, but not a tactical map in 
the strict sense. 

In the final phase of the war so long as there was any fighting the 1 / 40,000 was supplied 
to the troops, albeit with some difficulty at times. 

It seems clear, then, that for a European war, while the 1 / 100,000 may be issued before­
hand as a mar~~ing map, a map on at least ~ / 50,000 scale will always be required for fighting, 
and that provmon must be made to supply 1t whenever and wherever wanted. 

(b) Large Scale Maps. 
(b) As a matter of general policy it may be said that experience has shown that if economy 

were enforced, and if the number of scales of maps issued were strictly limited, the right large 
sc-ale maps to maintain for European warfare are those of scales approximating to 1 / 4o,ooo 
and 1 / 20,000. It has been shown that these can be produced satisfactorily from one draw­
ing, which means economy of labour, and with them troops would be provided with a useful 
trench and artillery map, with a very good administrative map, and with a tactical map suffi­
cient for modern requirements. 

This does not mean that the 1 / 10,000 map is unnecessary. Should trench warfare develop 
the 1 / 10,000 will doubtless be required again as it was in this war, and it is possible that future 
developments may demand larger scales for general use than those mentioned above. 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. 

tc) Identity of Detail on Different Scales. 
(c) When large scale maps were first produced in a regular series and in quantity a great 

poi,nt was made of the necessity for absolute identity of detail on corresponding maps of 
different scales. (The remarks in this paragraph refer only to large scale maps, say, 1 / 40,000 
and vpwards. 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 can evidently be ensured only by 
mechanical enlargement or reduction from one original drawing, and this is the 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, nnsatisfactory. 

The rule, made early in the war, that detail on different maps of the same area must be 
identical 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 different maps. 
An order must be unmistakable, no matter what map is used. 

Though perfectly sound in theory, the argument is, however, to some extent a counsel of 
11erfection, for where maps are subject to fairly frequent revision, as is apt to be the case in 
stationary warfare, it is not usually possible to keep more than one drawing up to date, from. 
which, by suitable arrangement, maps on two scales, but not more, can be produced. This 
was the case in the war. Throughout the period of trench warfare the troops had 1 / 40,000 
maps that, with few exceptions, were considerably behind the 1 / 20,000 and 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 
cnly two scales at any particular period are of real importance. During trench warfare the 
two that mattered most were the 1 / 20,000 and I/ 10,000; the fact that the r / 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 scales were the 1 / 40,000 and 
1 / 20,000, and the 1 {10,000 ceased to be required. Still, there were occasions when dis­
crepancies between the r / 40,000 and the larger scales were remarked on and when difficulties 
arose, even if nothing serious happened, and there is no doubt that it is of the greatest import­
ance to 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? The problem did not arise in an acute form in the war-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 well to refer to it here, and to determine what solution is suggested by 
t·xperience. 

In the first place, a point which was not perhaps appreciated in the early days of the war 



· that absolute identity on three scales such as 1 / 40,000, 1 / 20,000 and 1 / 10,000 is for some 
~~asons absolutely a disadvantage. If one is limited to showing on the 1 / 10,000 scale only as 
much detail as can be clearly represent~d on the 1 / 40,000, the greater part of the advant~ge 
of the larger scale is lost. Mere size 1s no adv~tage, an? to depend solely_ on mechanical 
ma ifi.cation for the larger scale, as was do!'e ':" France ID the early days, 1s to produce a 
magnwhich gives more space, but is not supenor ID any other way. . 

p The great advantage of a larger s~ale is to enable th_e ~artographer to show more d~tad 
than is possible on the smaller. If precisely the same d_tta1l 1s shown o~ all ~ales,_ then either 
h !lest scale is crowded and illegible or the largest 1s empty, and fads of its chief purpose. 

1 e ~~e conclusion is that it is not desirable t_hat t_he s'.""e d~t~il should be shown on all 
scales. The main features sh?uld of co?rse be identical m poslhon; but on the larger scale 
d t il should be shown which 1s not possible on the smaller. 

e a It has already been shown in paragraph 6(c) that a satisfactory map on both 1 / 40,000 
and 1 / 20 ,000 scales ·can be pr~uced from one drawing _on the larger scale, drawn slightly 
bold to allow of reduction. It IS suggested that t~e pohcy sh_ould be to make the 1 / 20,o_oo 
the basic map, with the 1 / 40,000 produced from 1t by reduction, these t":'o maps thus bemg 
identical; and that the 1 / 10,000 or larger scales shoul? be produ.ced ~ ,n~epend_ent maps, 
based in the main outlines on the 1 / 20,000, but show mg as much detail as 1s possible on the 
larger scale. . . 

Ambiguity will be avoided either by the usual. precaution of al ways quotmg the map on 
which orders are given; or perhaps better by ordenng that, u~less expressly stated to the con­
trary, the 1 / 20,ooo is always th~ map referred to. As a-practical fact, however, the danger of 
confusion would appear to be slight, assuming, as one. may fauly do, that the cartography on 
the larger scales is accurate. It should also. be remembered that the surveyo~s who produce 
the map are themselves soldiers and fully ahve to the importance of the question. 

(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 e_dition of the 1 / 10,000 map was published, which showed the plan of 
our own trencbes, but gave no other information about 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 !renches,. mad_e their own d".'grams and sketches. These were 
free! y distributed, and from the mformat1on of all sorts which they bore were far more dan­
gerous than would have been a regular issue properly controlled. The position became absurd 
when it was found that troops relied o!' captured enemy maps for an accurate representa­
tion of their own trenches. It became evident that there was no reason for secrecy in showing 
the trace of our own trenches, provided that no really secret details were inserted. Such 
secret details obviously include battery. and trench mortar positions, command posts, ammum 
tion stores, telephone routes, etc. ; in fact any detail which cannot be readily located and 
plotted from air photographs. It was therefore decided in January, 1918, that the ordinary 
edition of every trench map should show the detail of our own trenches, the secret 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 maps 
showing our own trenches proved of the greatest value to the troops, a value which far out­
weighed any problematical ·advantage thev might give to the enemy. 

There was also until 19·18 considerable opposition to the publication of a 1 / 20,000 map 
showing our own trenches, on the ground that it would give information about our system of 
defence ; or at least that it would, if captured, save the enemy the trouble of photographing 
back areas. Here again, however, it is considered that the advantage to our own troops 
would have more than counter-balanced the possible advantage to the enemy for the pro­
duction of such a map, and its issue on a reasonably liberal scale, would hav; saved a large 
waste _of labour and pe~sonnel. Monthly defence schemes, reports on defence lines, etc .. 
necessitated the produ~tioi;i of large numbers of these secret 1 / 20,000 maps, which, owing to 
the absence of an offic1al issue, had to be drawn ·by hand. This was recognised by the order 
of January_, 1918, which permitted the production of a secret 1 / 20,000. 

The history of secret _maps ~hows t~e gradual realisati?n ?f what secrecy really means, 
and the growth of more liberal ideas with regard to the d1stnbution of secret information. 

(e) Layered Maps. 
. (e) The qu~stion of t~e extent to which layer:d maps should be printed as a regular 
issue for troops_ IS _one that IS_ ruled larg_el ~ by practical considerations. A layered map in­
volves extra printing and this extra prmtmg rannot be done wiih the limited staff which was 
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available during the war, in tim~s of pressure: . It is admitted that layers help everyone to 
read a map, and that such help 1s of great m1htary value. The matter therefore re.solves itself 
into a q~es!'ion of r~lative values. If a layered map can be provided by installing, say, four 
extra pnntmg machmes and twenty men to work them, who would otherwise 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 
l~yered maps up to (as a limit) the_ scale of 1_! 2~,000; and that lay~red maps should be pro­
vided for the whole area of operat10ns and d1Stnbuted on a fauly hberal scale. This would 
give troops the necessary assistance in reading and studying ground forms. Should circum­
stances (such al; limited staff) make it improbable that a continuance of th~ supply could be 
expected at all times, each layered .map might bear an imprint, stating that it is provided for 
the purpose of assisting in the study of the ground but that it will not be replaced, and that 
a supply of such maps for all areas is in no way guaranteed. 

It is not suggested that such a supply should be made to the troops of an Expeditionary 
Force before a campaign had begun; but it is considered that the necessary preparations 
should either be made in peace time, or envisaged as a step to be taken immediately 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 fixing a point by its co-ordinates within a square or rectangle, is 
thoroughly practical in that 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 abbreviated metric co­
ordinates, it leaves little to be desired, being simple, complete, logical, and providing an easy 
transition from the map reference to the mathematical co-ordinates. (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 aimed at is evidently that the same system of referen­
cing should apply to all maps in use, of whatever scale; so that if a point be described it 
can be found with ease on any map, though naturally the degree of precision with which it 
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 squaring as is found on the large scale, omitting, of course, the minor squares 
and unnecessary letters and figures. It is of interest to note that this was done with the 
latest 1 / 100,000 maps of Germany by the Army of the Rhine at Cologne. It would be a con­
venience, but it is by no means essential, for the small scale sheets to bear some definite rela­
tion to the large; such, for example, as covering the area of a definite number of the large 
scale sheets. 
(g) Signs and Colours. 

(g) In 1918 it was ordered by Marshal Foch that steps should be taken to secure 
uniformity of maps among the Allies, and as a consequence a uniform scheme of colour and of 
conventional signs was agreed upon for use on the western front. The advantag~s of such• 
uniformity are obvious when it is remembered what frequent interchanges of_ alhed troops, 
took place, and how often troops hastily put into another area had to use foreign maps. 

9_ Total Area Mapped. 
The final results of mapping on the Western Front are as follow~ :-

. Sq.Km. 
Area surveyed* and published for the first time as a reliable 

map on a large scale .. . . .. . .. . . .. .. , 
Area previously surveyed, but revised and brought up to date 

and published 

Total mapping completed and published . . . . ... 
Area of which survey was complete, but not pubhshed 

Total mapping completed . : .. .. . .. · · · · 
Area of which survey or rev1s10n was partly completed 

14,228 
1,6r8 

Sq.M. 

3,687 

1,806 

5,493 
625 

6,u8 
1,392 

* u Survey "· include·s here survey or revision on the ground, and compilation of cadastral~ 
revised with the aid of air photos. 

E 
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The foregoing does not include areas previously suryeyed,. such as. _French_ Plans 
Directeurs or Belgian maps which were redrawn and pubhshed __ m the Bnt!sh senes, but 
with,,ut photo revision. Of these there were a large nllll?ber, especially m Belgium. 

Of the total MAPPING COMPLETED, approxunately 7,425 sq. km. (2!867 sq. ~-) 
were done by work on the ground, the remaining 8,421 sq. km. _(3,251 sq. m.) bemg compila­
tion, photographic revision, etc., in the office. The area partially completed was all done 
on the ground. 

For illustration, see Plate I. at end of book. 

SECTION IV.-DEDUCTIONS. 

1. Importance of Survey. 
It cannot be too strongly emphasized that accurate survey is the basis of all map produc­

tion and of the fixing of artillery positions either on our own or on the enemy's side of the 
line. During the war all this work was under one head, and a single control was possible. In 
future wars the Artillery will he responsible for their own work. It is most important that 
it should be remembered that Artillery Survey is a branch of the main work, and that though 
a single control may not be possible, a single authority on technical survey questions should 
be recognised. It will be fatal to the success of accurate Artillery work in the future if there 
is any cleavage between the two sides on the ground that highly scientific methods are not 
necessary for practical Artillery requirements. The war has shown conclusively that what 
seemed to be purely scientific and theoretical questions have far-reaching practical effects. 

The conclusion is that, despite the division of work in the field, the Artillery should 
continue to be guided and advised in the future as in the past in technical 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 war purposes is required in addition, and special attention will have 
to be directed to this in future. Artillery officers should receive a training in survey which 
will ensure that all officers have a sound know ledge of survey methods, and a good proportion 
reach the professional standard. 

3. Geodesy . 
. Geodetic study and r~searc~ is of the highest practical importance. It should be carried 

on m peace tune and continued m war, and the best possible expert know ledge on the subject 
should be available for military work. 

4. Air Photography. 
Air phot?graphf is of fund'.""en~al. importance for military surveying in war. Stud 

and :•search 1s reqmred on the· Imes md1c~ted !~ the text. A. policy should be formulate~ 
defining clearly th~ p~rt playe~ by survey m m1htary operations and by air photography in 
s~rvey, and a d~fimte hne of act10n should_ he laid down in training manuals and Field Re ula­
tions for the gmdance of surveyors and au photographers in these matters in order to pr!vent 
waste of effort. 

5. Standardisation of Methods. 
h Methods of dr~wing, con_v~ntional signs, forms and titles of maps, and kindred matter 

s ould be standardised and rigidly controlled. A certain laxity in these matters du · s 
war led to m:1ch wa~te of effort. Certain standards should be laid down at the outset ~t\ the 
ev':r. new pomt~ anse, and no variation should be permitted from these in d f an w ehn­
opm10ns of vanous Staffs. As a rule it does not areatl m e erence to t e 
so_ ltonkg as tdhey are sftri<;tly observed. What matters ii de:i~:i~:h:! ;t~~dc";.'is~:';,"onafduosl?ted 
m1s a es an waste o time. ' 10n. 

From the outset a detailed history should be kept of every sheet produced. 

6. Map References. 
Map references should be on one uniform system a r bi 

tions and to every seal~ of map. PP ,ea e to the whole area of opera-
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7. Scales of Issue. 
The scale of issue of maps should he liberal, allowing, on the one hand, an ample supply 

for H.Q. Staffs, so that there shall be no temptation to hold up maps intended for troops. and 
extending, on the other hand, to senior N.C.O.'s. It should be based on the provision of a 
map fbr movement and a map for fighting, the scale of the latter being determined according 
to circumstances. It should inclurle a supply of layered maps and of secret maps, according to 
the proper definition of secrecy. 

Relief maps, shaded contours, etc., should be unnecessary, given a supply of layered 
maps. 

8. Future Developments. 
The tendency of all methods to get more complicated as science advances should be recog­

nised and provided for. It means that greater accuracy and more refinement will be required 
in the future than in the past, hence more maps and 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 more detail to be shown on the I/ 20,000. 

9. Allocation of Responsibility for Map Preparation. 
The problem of how to deal with map preparation when areas of responsibility are liable 

to change at short notice is a difficult one. Map preparation is a complicated process, involv­
ing the custody and examination of numerous documents and 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 to another. This had, however, to be done 
frequently during the war. Army boundaries were 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 he allotted by definite areas which would remain independent of 
ehanges in military command. This has been proposed on more than one occasion, and in 
theory it is what ought to be done. It is, however, difficult to see how such a system could be 
made to conform to practical conditions. Map preparation is connected with and dependent 
on so many other branches of work, all of which depend on the military command, that it 
seems impossible to render it independent. Instances of such work are General Staff require­
ments and preparations, information obtained through the Intelligence Branch, the arrange­
ments for taking aeroplane photographs and access to documents. It is easy to see that if 
these requirements and arrangements have to be met by channels which do not conform to 
those ordinarily in use difficulties and delays will arise, especially during the strain of opera­
tions. 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 of mapping responsibility 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 areas for map work were 
independent of the areas of military command. 

The boundaries of the two can, as a matter of fact, rarely coincide exactly, as map work 
must be defined by sheet lines, while military command has no connection with them. But it 
can always be arranged that an area bounded by sheet lines can be chosen which conforms 
approximately'to the area of the command. Beyond that the difficulties must be met partly, 
as in the past, by adaptability and hard work on the part of the survey staff, and partly, in 
the future, by more rigid standardisation of methods 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 con­
nection with them must be standardised, rigidly enforced, and not subject to change by Army 
pr other orders, and survey units must he organised on a system of small, self-contained 
·sections, which can be transferred when required bodily from one command to another without 
detriment to their work or their prospects. 

Such arrangements, though they cannot abolish the difficulties that will arise with changes 
of area, will do much to lessen them. A large amount of assistance will also be given if 
adequate provision is made in establishments for survey to be carried on by G.H.Q., so that 
the Army units 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.) 



CHAPTER 2. 

REPRODUCTION AND SUPPLY. 

INTRODUCTION. 

Pre\'ious to the war the necessity for producing large scale maps· in 9uantity _was not fore­
seen, as it was supposed that the existing small scale map~ of the vanous N atio~al ~u.":'eys. 
and enlargements from these would suffice for most tactical purposes of war m c1v1hsed 
countries. 

The equipment taken into the field was de~igned for producing a small number ?f copies 
with great rapidity and to be completely mobile. Tne real problt:m before the prmter has. 
proved to be very different. The necessity for aCC1;1racy (which will always reappear. when 
artillery is used in any quantity) and the great quantity reqmred ha~e called for the rapid but 
careful reproduction of large numbers of maps as nearly as possible under t_he eye of _the 
map-maker. Mobility, whilst it retains much importance, has ceased to be so vital. Macinnes. 
have replaced hand-presses. Similarly letterpress printing has become a large business, and 
the amount of work required has necessitated linotypes and machines in place of hand com­
positioIL and manual presses. 

The Armies in France had, throughout the whole period of the war, the great advantage· 
of the assistance and co-operation of the Geographical Section at the War Office and the 
Ordnance Survey at Southampton. All the small scale maps 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 Survey. In the earlier days, when a set 
of drawings for a new edition was sent to Southampton, the edition of perhaps 10,000 copies 
was usually receiv~ed 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 maps issued from 
Southampton, 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 end of the war facilities existed at the H.Q. of each Army for rapid 
reproduction in 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 the immediate disposal of the 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 some of the continued difficulties which had to be overcome in the 
earlier days, and to indicate the direction in which further improvements can be made. 

SECTION !.-DEVELOPMENT OF UNITS AND APPARATUS. 

1. Printing Comoany. 

(a) Distribution and Equipment of Original Company. 

_ (~) The peace es~ablishment of the Prll!ting Company consisted of 1 officer and 39 O.R., 
rncludmg the followrng_ tradesmen :-14 hthogra_rhers, 8 photographers and 9 letterpress. 
prmters._ The trade of lithographer mcluded drawmg on stone, zinc or transfer paper as well 
as "'.orkmg the stone or plate. The Comp_any was divided into 4 Sections, of which No. 1 
Section was to be attached to G.H.Q., while the H.Q. and remaining 3 Sections were to be 
no_"?'.'lly on L. of C., Nos. 2 and _, being available for detachment either to the Cavalry 
D1V1s10n or to t~e H.Q._ of an Army of two or more. Divisions (W.E. dated 1914). No 1 
Sect10n was_ eqmpped w1_th 1 foolscap (17 x 1~½). hand litho. press, 2 Roneo duplicators, 1 
C.B.J?. copier, 1 typewnter, 1 Boston ~and prmtrng press, a field copying camera with de­
,elopu:,-g box, 2 h:<n? cameras! a sun prmting frame and stereoscopic equipment. Nos 2 and 
3 Sections were srm1)arly eqmpped, excel(! that they had no sun printing frame, and ·carried 
an extra S:-B.D. ~op1er. These three _Sections were completely mobile, having a car and lorr 
eac~, which c'.'rned the whole of their_p~rsonnel and equipment. No. 4 Section had I demy 
(22,z x 17½) htho. press, ~ tyeadle pnntmg press, 1 copying camera and develo in box y 
hand cameras and sun prmtmg frame, and no transport. p g ' 4 
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(b) Concentration at G.H.Q. 

(b) On mobilisation _No. 1 Section joined G.H.Q. and Nos. 2 and 3 Sections the H.Q. 
,of the 1st and 2nd Arnues, or Corps as they were called a little later. During the retreat 
or shortly after, the _rst and 2nd Corps ·sent the personnel of their Sections back to the H.Q'. 
-of tl_ie Company, stating that they had no use for them. At the same time they retained the 
Section transport. In Oct~ber, 1914, the H.Q. _and b_ulk of the Printing Company were con 
centrated at G.H.Q., leaving only a small section with the treadle printing press at tht 
H.Q., L. of C. 

This rejection by the Corp~ of the Printi~~ Sections originally provided for their use had 
a marked eff_ect on future policy. The d~c1S1on was based on the experiences of a short 

_penod ?f rapid movement, when no C<;>noephon could be formed of future mapping needs. 
There 1s no doubt that at a later penod of the war Corps would have given much to have 
had ~hese ~If-contained mobile _sections, and the _original decision to discard them certainly 
_earned weight when t~e questmn of Corps eqmpment was being considered, and even had 
its effect on Army eqmpment. For example, when the First Army was formed, the Chief 
Staff_ Officer begged th~t they should ~ot be ~umbered with printing plant, saying that all he 
reqmred was a few zinc plates. This entailed delay in the provision of 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 for G.H.Q. and L. of C., but it also supplemented the Army 
Printing Sections, until the latter outgrew their parent. 

(c) Establishment in 1915. 

(c) In 1915 the Printing Company was re-organised and increased as follows (W.E. 
No. 16, d/1915). The H.Q. and G.H.Q. Section consisted of one officer and 19 o.r., in­
·cluding 3 photographers, 6 lithographers and 5 printers. The I.G.C. Section consisted of 5 
o.r. (2 lithogiaphers and 3 printers). An Army Section consisted of 14 o.r., including 2 
photographers, 6 lithographers and 3 printers: The G.H.Q. and Army Sections were provided 
·with a box-car and a 3-ton lorry each, and the same equipment as the former numbered sec­
tions. At about this time all sections were provided with a suitable stand and telephoto lens, 
which enabled them to use their cameras for taking panoramas. 

These Army Sections were detached from the Printing Company to the Map Sections, 
to the Topographical Sections and to the original Field Survey Companies. Printing per­
sonnel was not included in the establishment of a Field Survey Company until the second 
W.E. of that unit was authorised 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 Company were absorbed by it, with an increase in num­
bers ; the Army Sections having been previously absorbed (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 and 6 photographers. 

The principle of including survey and reproduction 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 forG.H.Q. 
needs; the Depot F.S.C. was separated from it geographically and had other objects and 
interests. Hence the connection rtmained to a great extent a nominal one, and when the 
Depot F.S.C. was, in October, 1917, converted into a Battalion, its Printing Section again 
became an independent Printing Company. 

Although in the light of the above experience the conclusion may appear parado".ical, it 
is considered that in the future organisation reproduction for G.H.Q. should be carnerl out 
by the unit responsible for all G_H.Q. needs in survey and mapping. '!'he decision to divi?e 
responsibility in this war was, it is considered, governed largely by special and antecedent Clf­

cumstances. It may be noted, moreover, that in a future organisation it_ is considered that a)l 
map reproduction behind Armies shoulrl be carried on under one techmcal 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 principal reproduction establishment at the 
Base, was a separate organisation. responsible to the Director-General of the Ordnance 
Survey. 
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(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.r.,. includ~g 25 lithographe~s, 10 _Photog~aphers, and 25 
printers, but with no transport. ?his establishment was '?<><:lilied slightly m 1918, on the 
decision to transfer the responsibility for all letter-press _prmtmg, except the sm~ll amount 
required for mapping work, to the D.A.P.S._S .. For thlS purpose 16 l~tterpress printers were 
transferred to the strength of the Army Prmtmg and Stationery Services. 

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

(I) Changes in Equipment. 

(f) The equipment of the Printing Company remained unaltered until 1916, except 
for the addition of certain cameras and an increase in the number of hand presses. In 
October, 1916, a demy machine was obtained. In 1918 a second similar machine was pro­
vided. Other additions were an Ordoverax outfit and a Raiden 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 Armies, to work under the Maps Officers who had just been 
appointed. These Sections were immediately employed on the production of trench maps, 
which were then in their infancy. 1/10,000 maps were inade by enlarging from the 1/20,000 
and redrawing. On each sheet the outline was printed .in grey, grid and contours in brown, 
German trenches in red, and target numbers in bl'ue. In spite of this formidable undertaking 
it was found possible to produce from 300 to 500 copies per Division of these trench maps. 
Later, owing to the great strain on the meagre 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 training and discipline of the old per­
sonnel proved' its value, and the standard maintained reflects the greatest credit on all con­
cerned. 

3. Printing Sections of Survey Units. 
Reprodu~tion continued on sin?ilar lines when the Topographical Sections were formed 

and, later, with the F .S. Compames, but on the formation of the latter units mechanical 
methods of rep~oduction and. ~achine pr!nting were gradually iI)troduced. 

The establishment of prmtmg and kmdred trades remained unchanged until December 
1916, when 1 lithographer and 1 printer were added. ' 

_O_n the formation of the Fie_ld Survey Battalions there was a considerable increase, and 
prov1Sion was made for mechanical methods. The following trades were included in the 
W.E. (No. 1591) :-

Litho. Draughtsmen 
Transferers and Provers 
Machine Minders 
Machine Feeders 

10 
IO 

6 
.6 

Engine Men ... ... ... 
Helio. and Vandyke Workers 
Photographers .. . .. . 
L. P. Printers 

3 
6 
4 
8 

Wh~n th_e responsibility for letterpress printing was taken over by the D.A.P.S.S. in 191g 
4 l.p. printers were transferred from each F.S. Battalion. ' 

4. New Maps and Increased Needs. 
July, 1 916, saw_ the fi~st ~verprinting of Battery and Target Maps. At this time the 

g_rowth of the resp~chve artillen~s '.'"d of artillery intelligence methods meant frequent revi­
sh10ns. and a large increase of pnntmg generally .. In addition many maps were reproduced s owmg our own defences. 
to beC!vil~an p~ess;s wehre kept ful\y employed, and the hand-presses at Headquarters proved 

ma equa e o_r t e preparation of pi ates. Demands had heen made for extra dem 
r~sses by all {he Field Sur':'ey Companies (as the Topographical Sections had then become5 
/ even }t t i nu;ber available had to be increased by the hire of large hand-presses f~ 

.,;::ge of :i:!, :::a ·s.:~~::v:cr: 1~!g: ~~i:;:r ~a,.:~t:e~a~:~:;ih~~'t~~e;re';,a!a~~~n a!i 
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plates which were as big as could be printed by the civilian firms mentioned above. The 1st, 
3rd and 5th Companies profited much. 

The personnel was also increased by drawing in trade hands from the ranks. This 
expansion hardly kept pace, however, with the increase of lithography called for, and the 
litho. draughtsmen were kept particularly busy. 

The Somme Battle brought up a new type of map-the Corps sheet. The succession of 
smali offensives and gains and the changing situation called for frequent editions. The result 
was that more printing 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 the material and methods hitherto employed 
Legan to be so evident. Map issues had already begun to be a question of thousands, not 
hundreds; the number of plates to be grained, sensitized and prepared, and the waste of time 
in drawing everything by hand pointed without question to the need for provision of graining 
and printing machinery and of photo-mechanical 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 elapsed before it was finally erected. At the same time the Field 
f'urvey 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 to he sound, but it was decided that in the interests of mobility a 
demy and not a double demy should be issued. It was not appreciated that a flat-bed machine 
made to be erected on a prepared bed or floor can hardly be described as mobile whatever its 
dimensio11s may be. As a matter 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 individually on a 3-ton lorry. The troubles of mobility are mainly in the taking down 
and re-erecting, and the additional weight of the double-demy machine is more than com­
pensated by the large amount of time and labour saved in the printing of any particular area. 
Demy machines were ordered, however, and began to arrive in April and May, 1917. 

Meanwhile the 3.rd Field Survey Company had been ordered to produce a daily situation 
map during operations which were to start on the Arras Front early in 1917. The programme 
,ould not be carried out with hand presses, and a double-crown machine was bought privately 
and erected in time to print for the battle. This machine printed about 800 impressions an 
hour, and was kept running continuously throughout the 24 hours, averaging (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 personnel, and before lllidsummer all Companies were provided 
with Vandyke apparatus and were turning out good Vandykes, and so saving the time pre­
_viously spent on litho. drawing. 

In August, 1917, the first large copying camera (of a size to cover a double-demy plate) 
was bought privately and installed at _,rd Army Headqµarters. Before this time the 4th Field 
Survey Battalion had started 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 received for all Field Survey Battalions. I_n 
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 many full-sized cameras could have been 
obtained. 

About this date the Dore! or Ordoverax 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 

1917, as were two power proving presses. Each Army ~d therefore two machines, one demy 
and one double demy, and four to six proving presses. They had also both Helio and V~n­
dyke outfits, and were capable of printing the special Army maps required ~nd of supp!ymg 
Corps Topo. Sections with most of the outlines used by them for over-prmtmg add1t10nal 
Corps information. 



Takin the Battle of Camhrai as an example, an average of over 10,000 runs a day was 
printed on !\rmy maps for the month of November, and some 5,000 odd runs for Corps Tope. 
Section outlines. 

8. Assistance from D.A.P.S,S. 
Early in 1917 the Director of Army P~inting and Stationery _Services installed double­

dem lithe. machines in connection with his Advanced Sect10ns ~ Army :',reas. ProC:"ss 
co ~n cameras also formed part of the equipment of these Sect10ns. This was a penod 
0 /Yre!t activity, and at the time we had nothing larger than demy machmes and no larl\e 
canferas. It was therefore of the greatest assistance to be able to hand over plates to th_is 
Department for printing, and they undertook a verr large num1?er of runs for us. In certam 

-cases, too, such as message maps, diagrams, etc., ongmal matenal was handed over to them 
for reproduction by photography. . . . . 

It was found, however, that there were considerable disadv~tages m gettmg prmtmg 
oone at a distance from the Headquarters of the Fie1d Survey Umt. No~ only_ was tune lost 
in transporting the plates, proofs, paper, etc., but in many_ cases the rqachme mmders h_ad not 
been trained to watch the minute register and exact matchmg of colour w~ich are required to 
get the best results in map printing. Furtherm~re, the small final _correct10ns ~nd _the touch­
ing-up of plates during a run can only be efficiently attended to if the machme is close at 
hand to the proof examiners and litho. draughtsmen. 

In spite of these drawbacks, the assistance received from this department at a time w~en 
the equipment of Field Survey Units was still in an early stage of development proved m­
valuable. 

9. Employment of Civilian Establishments. 
Prior to the installation of machines a considerable amount of work was given to civilian 

firms in towns behind the lines. These firms had, as a rule, very little idea of the require­
menrs special to map printing, particularly as regards register and matching of colours, and 
they were inclined to resent too close a supervision. Their work was very slow, and they were 
sometimes unable to work because of a holiday, or because their power was cut off, or because 
they !:ad a job for their Government. They could therefore not be depended on for urgent 
work, nor 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, for the plant and workmen could he "commandeered." But ex­
perience has shown that the Army should be so equipped that no reliance at all need be placed 
on local resources for map printing. 

In one instance a civilian printing establi'shrnent was found in a deserted town, and the 
sto'?es_ and hand presses formed a most valuable addition to the equipment of the Field Survey 
Umt m that area. 

10. Overseas Branch of the Ordnance Survey. 
The establishment of the Overseas Branch .of the Ordnance Survey in France in De­

cember,_ 1917, gave the Survey organisation for the first time a satisfactory reserve of printing 
power m the country. The O.B.O.S. had a strength of 2 officers, about 120 o.r. and 60 

W.A.A.C., and an e9uipment of 6 (later increased to 10) large litho. machines and plant for 
a_ll the usual mechamcal processes. Work could be done by this establishment with an expedi­
tion far beyond what was possible for the main office of the Ordnance Survey which had 
many other calls upon it and was divided from the front by the sea. ' 

Valuable work was from the start done by the O.B.O.S., under the direction of Lieut. 
C_ol. W. J. Johnsto~, R.~., but it was during the retreats in the spring of 1918 that its se;. 
vices became m?st !" evidence .. At that time, when most of the Armv map-printing plants 
\\ere out of action it may be said to have saved the situation from the 0 point of view of map supply. 

O.~.O.S. "'.as itself, however, compelled to move in April 1918 and was established in 
a ;"~W site at -:Vunereux, where. it remained until the end of the 'war. 'The change was effected 
wit ~11~ stoppmg work, a portion ?f the plant continuing in action at Wardrecques until the 
remam er \\ as ready to start at W 1mere11x. Throughout the move printing was continuous. · 
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SECTION II.-TECHNICAL. 

1. Hand Apparatus and Methods. 
The _Printing Company, R.E., took the field at the beginning of the war with an equip­

ment designed for _th_e rapid reproduction, by lithography or duplicator, of field sketches, 
enlargements of ex1stmg maps, panorama sketches, etc., and for the printing of such orders 
and memoranda as might be required by the Staff at G.H.Q. It consisted of hand litho. 
press~s (demy and foolscap), a "Zygad" multicolour duplicator, a "Boston" letterpress 
machme, a treadle press, a 5 in. x 4 in. copying camera, which was set for enlarging either 
twice or four times, and a " Panros " 5 in. x 4 in. camera for taking panorama photographs. 

Mobility and rapidity of getting to work on change of Headquarters were considered of 
-vrime importance, and the printing of large surfaces and large numbers of copies was not 
provided for. 

The personnel of the Printing Company had been trained at the School of Military 
Engineering, and had attained a very high degree of proficiency in the strictly limited field 
covered by their training. The normal rate of working for the demy press, 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 for long hours at the highest 
pressure, and fully realised the importance of their work to the 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 Field 
Survey Units. 

The Printing Company produced several enlargements during the mobile operations on 
the Aisne in 1914, and later in Flanders. These were made by litho. tracings from photo­
graphic enlargements of the original. 

Only two methods of producing work on stone or zinc were practised by the Printing 
·Company-namely, direct drawing and drawing on_ transfer paper and subsequently trans­
ferring to the stone. Practically all work was done by the latter method. When alteration 
-of scale was required tracings were made from photographic enlargements or reductions. 

Both stones and zinc plates were carried, but the former were much preferred, and 
the personnel were not really skilled in the use of zinc. 

2. Process Reproduction. 
The various mechanical processes used by the Field Survey Battalions are here dealt 

with only from 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 for work in the Fi~ld. 
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 
.apparatus is not bulky. It is possible to work without the two biggest items-namely, the 
whirler and artificial light-in 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 be depended on to turn 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:-

(i) For registered work in colour _it is necessary that the different ?raw_in!\s shc:mld 
be exactly to size. No small adjustments can be made, as the drawmg 1s m dnect 
contact with the zinc plate. This difficulty is minimised if all the drawings are !".ade 
in the same room and the plates are made close at hand and under the same cond1t10ns 
as nearly as possible. 

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

(3) The best results an:'. only got from finished dr~wings in firm _bl~k lines_, which 
entails good draughtsmanship. The fineness of the !me, however, 1s nrunaterial pro­
vided it is thoroughly clean and opaque. If the drawing is poor it is better to photo­
graph it for the Helio process. 



(b) Hello. . . . . 
(b) The Heliozincographic process proved to be md1spensable both for dir~ct copymg 

and fm the production of enlargements or reductions.. Before the necessar_Y eqmpment was 
provided for the Survey Units the only means of domg such work w~s either to send the 
ori inals to Southampton for the plates to be_ made_ or to photograph with the. small copy mg. 
c._;era and make a litho. tracing from bromide prmts .. T~e former method mvolved delay 
and the latter was cumbersome and laborious, and gave md1fferent results. . 

For work in the field the Helio process has the disa~v~ntage that the outfit 1s very bulky 
and requires most careful packing for transport. Also, 1t 1s largely dependent on a plentiful 
supply of pure water. . . 

Pending the supply of the outfit, the 4th Field Survey ~omp_any made some mterestmg 
experiments to produce plates by photography with ~heir ~x1stmg means. Th~ _first 
efforts attempted to adapt the Vandyke process. Bromide p~mt~ were use~ as ongmals 
for Vandyking, but it was found impossible to get_ the density.':° these pnnts necessary 
to give good results. Attempts were then m_ade. by usmg glass _POS1t1ves made from the n~ga­
tives, but the attractions offered by the Heho dire~t ~rom negatives led to a mo~e determmed 
research on these lines. For the Helio process 1t 1s necessary that the negative should be 
reversed and two methods were tried to ~ain this end: (1) reversing the plate in the dark 
slide, gl~ss outwards; (2) photographing from the back the drawing, which for this purpose 
had to be on tracing paper. The second method was found the more _succes~ful. The _map 
was placed on a frame against a window and photographed by transmitted hght. Co!'s1der­
able difficulty was experienced in dealing with the yellow tint of the tracing paper, and 
also its orain or texture. A blue screen outside the window had a beneficial effect. The 
cnly cam~ra available for this work was the 5 in. x 4 in. copying camera, and allowing for 
overlaps, three dozen negatives were' required to cover the surface of a demy-size map. 

Ordinary " Process" plates were used, and the greatest care was necessary to ensure 
that all the negatives were of equal density, or, rather, equal clarity 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 for·these negatives, and re-transfers 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 
was p1epared from 1/10,000 originals in this way, each map made up from 36 separate 
tJansfers. 

Later on an 8½ in. x 6½ in. camera was obtained and greatly helped matters, but as dry 
plates were still used, the absolutely clear negatives required for photo process work were 
not obtained until the materials for the wet-plate process were supplied. · 

24 in. x 20 in. cameras were supplied in 1917, and as this allowed a demy sheet to be 
completed in a single exposure, thenceforward the methods used did not differ in any way 
from the ordinary practice of process reproduction. In the meantime the 3rd F .S.B. had 
provided themselves by private ar_range~ents with a full-sized camera (36 in. ~ 24 in.), which 
was l~ter taken ove~ by t~e pubhc, while the 4th F.S.B. made an extension for their 24 in. 
x 20 m. camera wh)ch, with the use of a larger lens which was obtained for them, would 
have allowed ful]-s12ed_ pla~es to be taken; but unfortunately, owing to the lack of a silver 
bath of the reqmred size, 1t was never used. The other Battalions continued to use the· 
demy-size cameras. 

In future it will ·a)ways he advisable to provide cameras capable of taking the full size 
of !he s_tandard_ sheets m us~- The extra bulk of such. apparatus need not be considered as 
agamst its advantages. It mcreases accuracy and saves the time and labour of re-trans­
ferring. and pa(ching-up. Provision in advance is necessary, as the large lenseS' required are· 
not easily obtamable. 

(c) Dore( or Ordoverax. 

{c) Dorel or Ordoverax Process.-From an early date a great amount of use was made 
by the ~,rench of the Dore! process. The process is similar to the. Ordoverax or "True­
to-~cale process ot Messrs. B. & J. Hall and Son, of London, and depends on the chemical 
act10n ~etwe_en ordmary ferro-prussiate blue printing paper and a patent composition. The 
him:, _pnnt, m _an undeveloped state, is rubbed down by hand on a table coated with the com­
positmn, left m contact for a short period, and then pulled off. Wherever the light has 
been excluded br the work on the original tracing the composition will hold ink when rolled 
up. The table 1s rolled up for each impression, 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 
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the work begins to break up. As many as 90 impressions have been obtained. If more are 
wanted a fresh sunprint can be made from the original, and the process repeated. Any 
good rag-litho. 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 
stone or zinc; but the results are usually rough, and in spite of its name, ~xactness 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, how­
~ver, a slow process, as each pull must be carefully fitted by hand. Another drawback to 
work in colour was that the inks supplied were not sufficiently brilliant to give a really good 
effect, and further experiments in this direction might be made. There seems no reason 
why ordinary litho. inks should 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 the sun-printing frames used. Provided that the light is good, or 
artificial light is to hand, it is a very rapid method of producing a limited number of copies. 
Skill in manipulation is of prime importance, but that can be easily acquired by any pains­
taking man. Efficiency depends largely on temperature and humidity, and in hot weather, 
such as was experienced in Italy during the 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 Messrs. B. and J. Hall was found to be too susceptible to 
heat. The Dore! composition (Maison Dore!, Paris) was better, while the composition made 
during the war by the Service Geographique was an improvement on either. On the other 
hand, the special table made by Messrs. Hall is well designed and most useful. It embodies. 
an endless 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 Survey Unit. The French used it largely for printing and over­
printing maps, though in the British Army, owing to the size of the editions usually re­
quired for issue to the troops, it was not much used for map work. But it proved invalu­
able for reproducing working diagrams for the Engineers, line charts for the Signal Service, 
etc., and as many as ro,ooo prints in a month have been turned out by one unit. It was 
used also for making working prints from drawings of maps which were about to be sent 
away to Southampton for reproduction. 

(d) Duplicators. 

Ellam Duplic<2tors.--'Exhaustive experiments were made b~fore the war with dupli­
cators of various kinds, and there is no doubt that the pattern adopted was the most prac­
tical and satisfactory for general purposes. In the form supplied to the Printing Company 
it was known as the " Zygad," but the apparatus provided during the war was made by the 
Ellam Company. In this duplicator the design is drawn with a hard point on a waxed silk 
sheet. The point carries away the wax and leaves the silk bare, forming 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 Print­
ing Company were seldom used by that unit. They were much quicker to use than the hand 
presses, but gave far. inferior results. Ellam Duplicators were, however, extensively used 
by lower formations for the production of sketches to illustrate Intelligence summaries, 
Reconnaissance reports, etc., and considerable skill 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 difficulties in the way of increasing this. In hot weather trouble is experienced 
with the wax sheets 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, depending on the amo_unt of work 
done, and 300 copies in one colour can be pulled in one hour unl~ss the weather 1s too ho!· 

A very large number of outlines on absorbent paper were printed on the htho. machmes 
at Army H.Q. to be over-printed on the Ellam Duplicators at Corps H.Q. As an example 
of the number of Corps maps used, three Corps Topo. Sections issued in one month before 
the Battle of Cambrai a total of over 100,000 maps. 

Other Forms.-Considerable use was made by lower formations of hektographs and clay 
copiers. These proved satisfactory within their limitations, and possess the advantage that 
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the complete drawing in all its colours can be laid down, and no trouble wi~~ re!listec is 
encountered. Any size of sheet can be printed if a suitable tray fo~ the comp~1hon 1s made. 
It is noteworthy that the Germans made extensive use ?f these copier~ fo~ their trench maps 
of local sectors of the front. The disadvantage of this form of copier 1s t?a.t the n~ber 
of copies that can be taken is limited to about 50, and the colours lose hnlhancy rapidly 
in the later copies. . . . . . 

Sun-printing frames and accessories were issued to ]!'ie_ld Survey Umts, bemg _used 
chiefly in connection with the Ordover_ax process. Sun-pnntmg was, however, extensively 
employed by certain other technical umts and departments. 

3. Letterpress Printing. 
As above stated, the equipment of the original Printing Company i~cluded a t~e~dle 

printing press, intended for use at the Base, a Boston hand letterpress machme, and a limited 
quantity of type. . . 

The printing of Routine Orders and all other letterpress JObs required by the Staff were 
undertaken. Boston presses proved thoroughly reliable, and some of those which started 
work at the beginning of the war were still in good order at its close after very hard usage. 
They are, however, extravagant in labour, three men being required to get the best speed 
out of them, but their output of about r,roo copies an hour is satisfactory. 

As work increased it was found necessary to add a treadle press (which could also be 
tlriven 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 one of 
the busiest departments of the Field Survey Units. 

Concurrently the Director of Army Printing and Stationery Services .had installed a 
printing establishment at the Base fitted with the most modern machinery. This, to some 
extent, relieved the demands made on Field Survey Units, but not altogether. The delay 
caused by sending jobs away and the time lost in returning proofs for correction caused the 
Staffs to prefer th_at their work should still be done on the spot by Survey Units. This was 
therefore done, but the work proved a strain on the Field Survey Battalions, who, with their 
small treadle presses, were not properly equipped to deal with the printing required by modern 

-conditions. It was recognised therefore that it would be sound for the Director of Army 
Printing and Stationery Services to take over all printing, and this transfer of responsi­
bility was carried out towards the close of the ,var. At the same time it was admitted that 
experience had shown that the special conditions at Army Headquarters could only be satis­
fied by having a printing outfit close at hand,· so that daily jobs could be undertaken and 
urgent work rushed through when required. The D.A.P.S.S. therefore installed local 
presses and took over the· hulk of the plant and· staff previously employed by the F .S.B. 

The fact that. Field Survey units will always require a letterpress outfit must, however, 
not be forgotten. There is a constant demand for type transfers for notes, headings, etc., 
fo~ maps .. Furthermore, it is very desirable that.all_tecJ:inical printing, such as lists of Trig. 
points, circulars on survey matters and maps d1stnbution, 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 
li~ely t? be required, including Greek type and· mathematical signs. One of the greatest 
<lifficulhes throughout the War was the continual shortage of type. 

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

(a) _The _original equipment included zinc plates, but the men of the Printing Co. had not 
?een t~ame? ~ up-to-?ate methods of using them. It is fair to say that this was an omission 
m their tra'?mg. It 1s true th.at stones have certain adyantages over zinc for quick work snd 
for ~he ~pecial purposes for "'.h1ch the Printing Company was designed; but as zinc plates were 
earned 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 :-

. (r) The stationary warfare, which entailed the keeping of a large number of out­
lines, mdexes, etc., ready for reprinting . 

. (2) T?e. ~doption ~f douhle-demy sheets, and the consequent weight of stones and 
the mposs1b1hty of gettmg enough of them. 
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Many of the trade hands obtained from the Infantry were experts in zincography, and in 
addition valuable instruction in the best modem 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 essential. This 
is not 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 are to stand long 
runs, that sand of the right quality be forthcoming. Graining can be done by hand, but it is a 
slow process, and less reliable than a machine, which should always be provided for a Survey 
Unit. 
(b) Lltho Machines. 

(b) A list is given below of the various hand presses and machines used. These call for 
no special remarks, except that on the whole they proved reliable, and stood the constant 
dismantling and re-erection better than might have been expected. All machines supplied 
were second-hand, with the consequence that some were shaky and made good registration 
difficult. One 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 been done in England. The Field Survey Units were not all 
equipped with machines till May, I 917. 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 saved a very great amount of time 
and labour in covering any particular area. The difference as regards portability of the two 
sizes turned out not to be a very important factor, as was at first feared, for no individual part 
of the double demy, when dismantled, is too large to go on to a 3-ton 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 action, the two extra double-demy machines being from reserve. 

An American direct-printing rotary machine, mounted on a special lorry, was also lent 
by the American Topographical Section, and p~oved of the greatest use. 

The proving presses used call for no special comment, except that the tympan frames 
of some were found to he slightly too small to take a double-demy plate. But this merely 
emphasises the necessity for a rigorous inspect ion before despatch, as mentioned elsewhere. 

SIZE AND SPEED OF PRESSES, MACHINES AND DUPLICATORS USED. 

Presses, Machines, etc. 

HAND PRESSES. 
Foolscap 
Demy . 
Royal . 
Double demy . 
Quad demy with machine 

drive 

PRINTING MACHINES 
(Flatbed). 

Demy. 
Royal . 
Double Crown 
Double demy . . . 

· (Rotary direct 
pri~ting) American . . 

ORDOVERAX. 

DOREL. 

DUPLICATORS. 
Brief 

Pattern. 

Furnival. 

Greig, Edinburgh. 
Various. 

Mann. 

} Fumival or Mann. 

Ratcliffe. 

Enf[lislr.- Messrs. 
Hall, revolving 
band on table. 

Fnnclt.-Zinc 
Plates 

Ellam. 
Zygad. 

No. per hour in 
one colour. 

900 
900 
Soo 
750 

1,800 

I) Average 50 per I 
: hour ; depends I 
11 on iob and size , 

and number of i 

Printing surface 
in Inches. 

13½ X 16½ 
22½ X 17½ 
25 X 20 

35 X 22! 

45 X 35 

22! X 17j 
25 X 20 
JO X 20 

35 X 22½ 

34 X 22! 

Up to 45 ft. x 35 ft., 
depending on size 
of orinting frame. 

operators. I 

250 I 13 
2 50 iabout 14 

X 16 
X 17 

Nearly all flat-bed machines were rebuilt machines by Mann. 
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(c) Oth..- Machines. 
(e) (i) Each Battalion had a guillotine. They were worked by hand power and met 

requirements. A guillotine is an essential adjunct and should have a blade long enough 
to cut paper lengtliwise. . 

(ii) All Battalions had graining machines, which ,yere m most cases o_f local manufacture. 
Thev should be part of the regular equipment of a _Field Survey Battalion. . 

· (iii) A small stitching machine is useful for binding pamphlets, etc. These were earned 
hy each Battalion. 

(d) Power. 

(d) Power was provided by oil engines. The shifting of these when Army Head­
quarters moved was always a _difficult problem, as. the weights to be moved were great and the 
provision of concrete foundations took up much tirne and labour. 

Power was transmitted in all cases by shafting and belts. This was one of the. most 
serious causes of delays. The erection of the shaftin~ was al_ways ~ troub\esome business, 
and it frequently had to be altered and re-arranged to smt the bmldmg mto which the machines 
were put. The need was felt early of a more convenient form of transmission, and arrange­
ments were made for all machines to be fitted for electric drive, but hostilities ceased before 
this could be put into force. Electric drive is undoubtedly the only practical method of 
dealing with machines that have to he shifted constantly, and all machines for active service 
should be fitted in this way. 

(e) Light. 

(e) A certain number of acetylene lamps (of "overhanging" table pattern) were carried 
as an emergency reserve in case of breakdown; but the usual lighting was electric. Current 
was provided by a "Lister" petrol-driven (s! h.p.) set, giving 3 kilowatts at IIO volts. 
This pattern had the advantage of being standardised throughout various branches of the 
Army, and spares were, therefore, the more easily obtainable .. The set is convenient for 
moving about, in that the whole unit, including the water-tank, is self-contained on a single 
bed-plate. A battery of 30 " Edison" accumulators was provided. 

Good lighting of the Headquarters of a Field Survey Unit, including the administra­
tive offices, draughtsmen's offices, and printing rooms, is of prime importance. Current was 
occasionally obtainable 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 duplirated. 

Light for printing and for illuminating the copying-board for photography was pro­
vided 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 transportation. In 
all consigrirnents received from the makers it was usually found that a proportion were 
broken, a'.'d. allowance _shoul? be made ~or this when ordering. They also require skill in 
use, and 1t 1s for consideration whether 1t would not be better to use arc lamps in the field 
as being more reliable. 

A Hal~en electric copier, which_ cons_ists of a glass cylinder around which the tracing 
and blue-pnnt paper are fixed, and 1lhinunated by an arc lamp inside the cylinder proved 
very useful. These copiers were chiefly used for. making blue prints for Ordoverax' They 
also require careful handling for transport. · 

SECTION III.-MAP SUPPLY. 

(a) Arrangements for the E.F. 
1. Early History. 

(a) Small. scale maps had bee_n prepared for the _original Expeditionary Force in the 
event of a poss1~le war on the Continent. These compnsed one strategical map on the scale 
of 6 miles to r.m. (r/380,160) ~d 26.sheet~ of a tactical map. The latter consisted of 10 
sheets of the r / 100,000 of Belgmm (mcludmg the old small Mons sheet) and r6 sheets of 
the r / 80,000 of France. The area covered was that north of a line drawn from Le H 
to Luxembourg. avre 

In additi?n to the above maps plates had been prepared for sheets to the th f h • 
area from which a supply could be printed quickly if required. sou O t 15 



The tactical maps were divided into five "sets," lettered A to E, each consisting of 
from four to six sheets, and the maps were packed in boxes containing either a supply of all 
sets or of one set only. The boxes were kept with the mobilisation stores, and on the out­
break of war were taken to the front by each Division. The plan was that the particular 
set required would be issued and the remainder kept in the divisional transport, or, if it 
appeared that they were unlikely to be required, would be sent back to the Base. 

The whole of the first issue was thus with the troops in the field. The arrangement 
for replacement was that another complete issue would be printed and sent to the Overseas 
Base as soon as mobilisation was ordered. 

It was not long before the whole of these maps had found their way to the Base on 
returning supply trains or had been left in Belgium. 

The criticisms that may be made on this scheme are as follows :-

(i) The number of maps carried by the troops was altogether too great. The 
supply of 26 sheets for a single Infantry Brigade weighed considerably over a ton, 
or, allowing for one set issued, meant about one ton to he carried in transport. 

(ii) The division of maps into sets was a mistake. It meant that in order to 
obtain, say, two sheets required for operations, two sets, amounting to ro or 12 sheets, 
might have to be issued. It is impossible in a campaign to know what set will be re­
quired or if operations will fall conveniently upon a set, so that packing by single sheets 
is the only practical method. 

(iii) The break of scale in the middle of the area was a grave mistake. It was 
due to the decision that as the French would fight on the r /80,000 we must do so also. 
There was practically no overlap between the two scales, the result being that troops 
had actually to fight on two adjoining 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 to the south had been obtained, and a number of these were 
recovered from Rouen, while others were obtained from the Service Geographique 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 of some use. Supply was carried 
c,ut personally by the Officer i/c Maps, G.H.Q., assisted at times by officers of the Intel-
ligence Corps. · 

·(c) Supply untll Armies were Formed. 

(c) From that time until the First and Second Armies were formed map supply was 
carried out direct to Divisions and occasionally Brigades by Maps, G.H.Q., with the aid 
of one box-car. The supplies consisted mainly of small scale maps, supplemented by a few 
1/20,000, produced by photographic enlargement of the 1/80,000. 

2. Arrangements in 1915. 
(a) I"ues of Small Scale Maps. 

(a) As the situation became clearer troops subsequently sent to France were supplied 
before embarking with maps of the area in which they were likely to operate. These were 
five sheets, 1/80,000 Arras, Lille and St. Omer, and 1/100,000 Ostend and Toumai. 

In February, 1915, the opinion of Divisions that had be,-n much on the march was 
obtained as to the number of maps that could conveniently be carried. The general opinion 
was that 16 sheets could be taken, of which four would be carried on the person and six in 
the first-line transport of the unit. These numbers were convenient, as for the officer they 
represented a useful area and for the transport they meant (for an Infantry Battalion) two 
map boxes. The sheets issued under this scheme to troops leaving England as well as to 
those in France were:-· 

1 / 80,000.-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 
perhaps indefinitely and the British front had greatly increased, troops in France received 
-only 4 , / 100,000 sheets, according to the Army to which they belonged, while troops pro-



64 

cceding from_ England received only _tw_o sheets, 5a H azebrouck and II Lens, these being the 
•heels in which practically all detrammg took place. . 
• Other maps required by newly arrived troops were issued under Army arrangements. 

(b) Beginnings of Large Scale Maps. 
(b) During , 915 large scale maps gradua!ly came into general use. The 1/20,000 of 

Belgium was available from an early date, wh1l_e that of Fran": was bemg produced as 
described in Chapter 1. The 1 / 40,000 of Belgmm was also ava1lable at once, but that _of 
France did not appear until some time after t~e larger scale, except for the areas of which 
Fortress Plans Directeurs existed, as round L1lle. . . . . 

The issue of 1 / 20,000 was c-onfined strictly to t_r"':'ps m the fighting !me, artiller,:, and 
Staff. The issue of the 1/40,000 was at first very hm1t_ed, and no ':'luare~ maps were lSSued 
to Signal and Supply Units, Divisional Cavalry, Cych~t Companies, Field Ambulances, 
R.E. other than Field Companies, etc. It was ordered m February, ~915, that references to 
maps other than the 1/80,000 and 1/100,000 must only be made when 11 was known 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 referred to them. No otjection was ra_ised by G.H.Q. to t)1e issue, but 
it was considered that the need for them· should be established before embarking on much 
larger scales of issue than had pre~iously be,en contemp)3:ted. F!nally, after reference to 
the Armies, G.R.O. 878 was issued in May, 1QI5, authonsmg an issue of 1/40,000 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 and for some time regarded as a purely artillery need, 
and that at this date the detailed trench map for infantry was not contemplated, at any rate 
as a general issue. 

(c) Mobile Reserve. 
(c) The G.R.O. above quoted laid down that the scale of issue of large scale squared 

maps therein authorised applied "only to siege operations like the present." The great 
value of the larger scales was, however, appreciated, and in the autumn of 1915 a "mobile 
reserve" of 1 / 40,000 was issued to units 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; states, "It should be clearly understood that the object of this 
issue, is to provide Staffs and Commanders with a map for reference which will give them 
more detailed information about the ground than can be obtained on the 1 / 100,000, but that 
during moving operations the 1 / 100,000 will be the official tactical map on which orders will 
be given.'' 

This reserve consisted of ten 1/40,000 sheets, Nos. 21, 22, 23, 29, .30, .,,, 37, 38, 39, 44, 
and covered the area from the 1 / 40,000 sheets already issued as far as Brussels. It was 
issued packed in boxes or packets, marked '' Reserye sheets 21-44, '' to Corps, Divisional and 
Infantry Brigade Staffs, G.O.C.R.A., C.R.E., Signals, and certain other units. The rate 
of issue was 10 to Divisional and Brigade Staffs, and 2 to units. 

. ~ the organi_sation _for Map Supply developed, and th_e reserves held by the Survey 
umts increased, this Mobile Reserve became unnecessary, and 1t was not maintained. It would 
have_ proved very useful had a forw'.'rd movement tak~n.place in the early days of the war. 
and 1t was probably used by those umts that possessed 1t in the final advance. 

3. Supply to Armies. 
With the gradual growth of \he use ?f large ~cal_e maps, and the increase in. requirements 

gen_erally, map supply developed mto a big orgam~atlon. At first this supply was based 
enhrely on England. Later, as means of reproduct10n became available in France a large 
proportion of the work in connection with large scale maps was transferred overse;s · but ; 
certain amount of large scale work was done in England to the end of the war and prac-
tically the whole of the small scale production throughout. ' 

(a) England to G.H.Q. 

(a) M_aps supplied from England were sent to France by two routes. 
(1) Non-urgent _maps by steamer from the Ordnance Sur,-ey, Southampton, to 

Havr~: thence by rail to the depots at Rouen, Abbeville or Calais. 
(n) Urgent maps by steamer from Folkestone to Boulogne, thence by road to 

G.H.Q. 



The consignments of non-urgent maps were sent to Havre weekly. Urgent maps went 
by train from the Ordnance Survey Southampton to London, where they were checked by 
M.l.4 and seen on to the Folkestone train. The supplies via Boulogne arrived daily, without 
exception, from about November, 1914, until hostilities ceased. 

(b) G.H.Q. to Armies. 

(b) From G.H.Q. maps were supplied in bulk to Armies by road. It was on several 
occasions suggested that the supply should be carried out by rail, in order to save motor trans­
port, and a trial of this method was made more than once; but rail transport proved entirely 
unsuitable. Maps were nearly always wamed urgently, and the delays incidental to rail 
transport put that method out of the question. Map supply is quite different from the supply 
of ammunition, food, and other stores for which the time taken on the road does not as a 
rule matter so long as a regular daily supply is forthcoming at rail-head. Maps of the kind 
required in the war must travel quickly, or they become useless. Moreover, again unlike 
food supply, certain maps 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 Boulogne, but the situation had then changed greatly, and was mainly 
a question of large quantities of small scale maps. 

Rail was also used for the conveyance of small scale maps or any maps not required 
urgently, from the port to the Base Depots, and thence to G.H.Q. or direct to Armies as 
required. 

(c) Time Taken. 

(c) It is of interest to note the time taken to obtain maps and· kindred stores during the 
period when map supply was dependent entirely on England. 

The demands sent were as a rule of the following three types. 

(i) For hlues.-A new drawing or correction drawing sent, and blue impressions 
only required. 

(ii) For copies_.-Either new drawings or correction copies for the preparation and 
printing of a new edition. 

(iii) For zinc plates.-Duplicate plates to be made for F .S. Battalions from draw­
ings as above. 

The times taken were on an average as follows. In each case • extra days are included 
to allow for uncertainty of communication. It was not uncommon for sailings to be stopped 
on acoount of mines, and other delays happened. The ~orter ti':°e was possible_ when_ a 
complete drawing was sent; the longer is due to the extra time requtred when correct10n copies 
only were supplied. . 

The time in every case means from dispatch from the Army to receipt by the Army. 

(i) For blues, 8 to 9 days. 
(ii) For oopies, say, 10,000 (this includes folding), 13 to 15 days. 
(iii) For zinc plates, 8 to 10 days. 

The above may be taken as average times. 
Much more rapid work was done on special occasions, but this probably meant the suspen-

sion and consequent delay of other work. . 
For example, at the end of 1917 a case arose in the Third Army in w~ich 10,000 copies 

of each of two maps in four colours were wanted very urgently. A special m~ssenger '!'as 
sent from the Army to convoy the plates to Southampton and bring back the fimshed copies. 

The following is the time-table. 
Date-

November 8 
November 9 

November II 

November 12 

November 13 
November 14 

Say, s½ days. 

10.45 p.m. 
5.00 a.m. 
9.20 p.m. 

11.00 a.m. 
4.50 p.m. 
4.00 p.m. 

10.00 a.m. 

Left Army H.Q. 
Arrived Boulogne. 
Arrived O.S. Southampton. 
Printing completed and packing started. 
Lefi Southampton. 
Arrived Boulogne. 
Arrived Army H.Q. 

I' 
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(d) Supply in France. 
(d) When Field Survey Battalions carried out a large part of their own reproductiou, 

and later when O.B.O.S. started work, supplie from England were (as far as large scale maps 
were concerned) ma.inly confined to 1 / 40,000 scale and to flat copies of 1 / 20,000 for local over-

printing. . H Q 
Maps printed by O.B.O.S. were as a rule sent to Armies through_ Maps G. . ., as 

orders had often to be distributed among more than one Army. Occas1onally they were sent 

direct. 
The time saved on normal orders by the establishment of O.B.O.S. was about _two dars 

for travelling, two for uncertainty of communication, and abot1:t one for extra qmckness 10 

transmission of orders; a total of about five days less on any order. 

4. Supply to Troops. 

(a) Division of responsibility bttween G.H.Q. and Armies. 
(a) Maps G.H.Q. supplied maps direct to formations directly under G._H.Q., sue~ as 

Cavalry Corps, Indian Cavalry Corps, G.H.Q. Troops; while Field Survey Battal1':'ns 
supplied to all troops in the Armies. Troop~ temporarily under G.H.Q. ?rders were supphed 
under instructions from Maps G.H.Q., as 1t 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.S.B. to the ~orps, but _as t~e 

Corps has no organisation for map distribution, in practise the Survey umts almost mvan­
ably delivered direct to Divisions throughout the war, and the Divisional Staff was re-
sponsible for distribution within the Division. . 

In one 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 1s pro­
vided with proper organisation and transport for 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 had neither the means nor the knowledge to ensure a correct 
distribution to the troops. Consequently the system was adopted of supplying maps ready 
packed in parcels addressed to the various units or lower formations. Parcels were made 
up, for example, for each Infantry Brigade, for the Artillery, Engineers, R.A.M.C., etc. 
This made it reasonably sure that each unit would get the maps to which it was 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 the difficulties of distance and lack of transport, Advanced 

Map Depots were established near the front line by most of the F.S.B. These saveq a good 
deal of wear and tear of transport, and were also a great convenience to troops, as replace­
ments could be obtained 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 box-cars conspicuously marked 
.'· MAPS," with a roving commission to deliver maps to any troops found in need of them. 
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 required urgently, and the nearer one gets to the front, the 
wors~ and ~ore congested do roads become. To· be of use transport must therefore be 
plent,ful, rehable, and able to go on any road on which motor traffic is allowed. 

The transport allotted to a Field Survey Battalion was· (excluding two touring cars) 
three box-cars, which should have been 15 cwt., but were erroneously put down in the W.E'. 
as 8 cwt., a~d one 3-ton lorry. When it is rem~mbered that at least one box-car was required 
for the very =portant work of transporting parties of surveyors for fixing our 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 for map supply was absurdly inadequate. In an Army an average of 12 Divisions 
had to be supplied, and_ this n~~r was frequently largely exceeded. The complete supply 
of maps for a newly-arnved D1v1S1on totalled about 10,000 sheets, and weighed something 
over a ton. The 3-ton lorry was not allowed on many roads, and its usefulness was conse­
quently greatly curtailed. 
. When operati~ns were contemplated or in p_rogress all difficulties were multiplied many 

t1mes. The situation could only be met by usmg the box-cars and lorries of the Sound 
Ranging Se~tions, and by borrowing from Army or G.H.Q. pools. The former method was 
merely robbmg 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 possible to get help from Army 
pools, as these were naturally required as a reserve ~or breakdowns; so that the G.H.Q. pool 
was the last resource. It i:nust be acknowledged that help was generally obtained here, to 
the extent of about three light (6 or 8 cwt.) box-cars for an Army engaged in operations; 
but it meant personal application and effort on each occasim1, and there were times when it 
was really extremely difficult for G.H.Q. to allot any help at all. 

Difficulties of this nature were due to the general situation, and will doubtless occur 
again in similar 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 vanish if there were a Survey unit with the Corps, responsible and 
properly equipped for map supply. Such a unit should have, say, two 15-cwt. box-cars and 
one 30-cwt. lorry. If the Survey unit with the Army had two similar box-cars (for map 
supply only) for urgent deliveries, and, say, two 30-cwt. and one 3-ton 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 15-cwt. box-cars, two 30-cwt. 
lorries, and three 3-ton lorries. With 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 
responsibility was that G.H.Q. delivered to Army H.Q. and F.S.B. delivered beyond that; 
but the F.S.B. frequently had 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 front O.B.O.S., which had two 
good box-cars and a. 30-cwt. lorry. 

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 common, and arrangements had to be made to provide them with the 
maps they required 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 issue to troops transferred from their Army to another (to 
provide for the march and billetting on arrival), 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 and_ l~r~e scale 
on arrival. Special arrangements had to be made for this, as the movement of D1vmons "'.as 
frequent and rapid. Stocks were therefore. made up, ready packed, and held as a special 
"Reinforcement Reserve." 

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 topogr~phical infor"!"t!on with the 
French. This was carried into effect, and we exchanged 12 copies of e--:ery _ex1stmg r / 20,ooo 
map, battery position and enemy organisation maps, ma!?. indexes, tng. hsts, and conven-
tional sign lists; and this was kept up for every new ~d1t1on. . . . 

In this way both the French and British had immediately available the current mformahon 
for any region to which troops might be sent. 

ibl Liaison Officers. 
(b) In order that map supply might proceed satisfactorily arrangemen(s. were made to 

send a liaison ·officer to Maps, G.H.Q., if French troops intervened in Bnhsh area, or to 
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· h" "f British troops went to the French area. }'rom these He~d-
th" Servic_e. Geogrffiap ique , t be despatched immediately to the Field Survey Battalion 
quarters ha1son o cers were o . . 
or the Groupe de Canevas de Tir which dealt with the sector m qu~st10n. . . 

Under the arrangement of interchange the liaison officer was m a pos1t1on to take to 
th moving troops a small supply of the maps for the sector to be taken over. 

e Certain scales of issue for both British and French troops were fix<:d. . . 
In the case of British troops moving to the French front the following duhes were laid 

down for the liaison officer :-

(i) To make himself thoroughly acquain~ed with the Frell:c? maps _available. 
(ii) To know the scales o~ issue curreD;t m !:'rench. and Bntis~ ~runes .. 
(iii) On arrival at the Service Geographique m Pans, to explam m 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 Tir of the Army, 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 officer was intended to be the preliminary arrangement to ensure that 
supply was put into proper running order. H': was to be the intermediary only and to hand 
o er everything to the O.C. Corps Topo. Sectton, 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. The result proved satisfactory in every way, and the Corps 
concerned received without delay all maps required. 

cc) General In1tructlon1. 

(c) General instructions for Map Supply to a British Corps operating in an area where 
the whole or part of the maps were French were issued to each British Corps. This explained 
the work of the liaison officer, and also gave detailed instructions to be followed .by the 
C.orps 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 French maps 
and plans and by index diagrams to British small scale maps. 

ld) 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 Battalions therefore issued maps at once direct to the French 
Divisions, the numbers required being given by the French liaison 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 small did they appear to be 
by comparison with our own issue that we increased them by a half. The French forces 
were completely satisfied witli 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 have permanent!.y attached liaison officers. These proved 
to be a sufficient channel of communication for all needs. 

(a) Retreat. 
8. Map Supply in 1918. 

(a) Du~ing the Ge_rman attack in 1918 unexpected and heavy demands had to be met 
at ~hort not_1c~, and this for almost the whole of the front. Fortunately O.B.O.S. was in 
achon. Ex,stmg stocks were soon used up, but tqe situation was kept in hand by print" 
back-area sheets at full pressure at O.B.O.S. The situation was made more difficult b ':;.g 
fact t!'at four of the five Field Survey Battalions had to move their H.Q., two of ~e~ 
so qu!ckly ~hat large numbe~s of map~ were. abandoned. Probably the greatest difficult 
of this_ penod was to keep m to1;1<;h with un)IS. Maps were available, but in some ea.ls 
they did. not reach the umts requmng them sunply because they could not be f d Th" 
was not m an)'. _way the fau_It of the map supply organisation, but simpl ~un ·1 his 
abnormal '.:Ond1tlons at the tune. Y ue O t e 



(b) Advance, 

(b) The change from defensive to offensive warfare was very sudden. The stram 
thrown on the. map supply organisation was consequently severe. Up to the very moment 
of the first Alhed attack we had been engaged upon the preparation and issue of back-area 
llheets to provide troops in case 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 advance became general and more rapid, our energies were con­
centrated on the supply of the eastern sheets of Belgium. The 1 / 10,000· scale was soon 
suspended, as the advance became too rapid for it to be of use, and printing facilities were 
required for the provi~ion of the ~aller scales. Very large numbers of 1/100,000 and 
1/40,000 sheets were 1ssm:,d, and 1~ the later stages the ~/20,000 scale was only issued 
when a temporary delay m a particular area was experienced. The scale of issue of 
I/ 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 during the rapid advance before the 
Armistice were :-

(i) The absence of any warning of impending special attacks by us. Special pro­
vision could not therefore be made. 

(ii) The frequent changes of units from one portion of the front to another, which 
involved many new issues. 

/iii) The uncertainty of the line of advance of the various Divisions. This 
necessitated in many cases the issue of several sheets to the same Division and in­
creased ·enormously the total required. Many such issues were never used. 

(iv) The continual 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 half months from the beginning of August to the middle 
of October, 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 additional to the 
maps 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 open,tions. 

(a) Up to 1917. 
(a) Up to the end of 1916 reserves were based on the following principles:-

(i) That enough should be available in the country to. permit of a full iasue to 
all troops of any sheets which might be wanted at comparatively short not~.e., 
of sheets immediately to the east or south of the British Front. 

(ii) That enough should be held to allow of a half issue of certain other sheets 
--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 2 5 per cent. reserve should be held by the War Office. 
The above reserve was (in France) called "A," or Normal Reserve, and was kept up 

automatically by Maps, L. of C., without reference to G.H.Q. . 
The full issue (see (i) above) was at first held by G.H.Q. an1 later by the Armies, and 

"'hen issued was automatically replaced by a 25 per cent. reserve m 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 went up to 15,000 of certain 1/250,0"?0 sheets .. 
In addition to the A Reserve, a B Reserve was held as reqmred. !his was a reserve 

collected for special operations, ordered by G.H.Q. and not touched without reference to 
G.H.Q. 

(b) During 1917. 
(b) At the end of 1916 t~e system of A _and B Reserves."'.a~ droppe_d, be!ng replaced, by 

a reserve on the L. of C. sufficient for a defimte number of D1V1s1ons ·which ,might be put mto 
any part of the line to carry on the results of a definite series of operabmis. The actual 
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operations were provided for by special orders for maps, based on the number of troops taking 

part in the operation itself. The maps received in response to these special orders were not 

treated as reserve, but were sent immediately to the Army. 

Under this scheme reserves of sheets east of the line 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 to 30,000. 

Of sheets on which the line fell about 20,000 were held. At the same time from 5,000 to 

15,000 of the 1/250,000 sheets were kept. 

(c) 1918; Final Phase. 

(c) During 19·18 the constant movement of troops led to very heavy demands for 

1 / 100,000 maps, so that additional stocks were necessary. 90,000 of some sheets were issued. 

It was impossible to lay down a definite stock, and the situation had to be considered from 

day to day in order to provide for requirements and to settle the order of precedence of 

supply of sheets. · 

During this period the normal 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 1/250,00. 

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 1917.-A and B reserves were held, but the A reserve was not calculated on the 

same basis as was the case with smaJl scale maps. 

The A reserve was :-

1 / 40, 000.-5,000 of main area of operations, as far east as Ghent, Peruwelz, Le 
Cateau; 2,000 of area north and south. 

1/20,000.-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 1917.-A and B reserve were abolished, as explained above, and the 
following stocks held :-

1 / 40,000.-10,ooo of 28 Ypres and 51b Arras sheets, on which Armies overlapped -

6,000 of other sh~ets as _far east as Ghent, Le" Cateau, Guise, and from Thourout in th~ 

north to La Fere m the south (sheets 19, .20, 21, 27, 29, 36a, 36, 37 , etc., down to 66d, 

66c); 2,000 of the row of 1 / 40_,000 sheets east (Nos. 22, 30, 3s; etc.), extending to 

Termonde, Mons, Maubeuge, Huson. 

1/20,0~0.-2,000 of all sheets excluding trench maps extending from Dunkerque, 

St. Pol, Am1ens on the west, to Ghent, Peruwelz, Guise, Laon on the east, 

(c) In 1918. 

(c) In 1918.-

. 1 ~/ 4~00.-In August stocks w~re bein~ built up, and had extended as far east a t 

me ul e O twberp, Brussel~, Charlero1, but with no increase on numbers given above s o 

n cto er stocks vaned from 15 ooo to 20 ooo of sheets b t , y · 
and as far east as Antwerp, Brussels ~nd Charl~roi. e \\een pres and St. Quentin, 

move:1:ni,0~~~!:~~n!:~:·n~:rf~r::'ed/;,°~~fnt!~~eto disuse, owing to the rapidity of 

As manv as 70 000 of some h t · d d th · · 
had to be consider~d daily. s ee s were issue • an e s1tuat1on as to stocks and supplie, 
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11. Scales of Issue. 
(a) Pre-war. 

(a) The scale of issue of maps for the ·original Expeditionary Force was as laid down 
in the Training and Manamvre Regulations. It catered for small scale maps only, the stra­
tegical map (1,380,160) being issued in very small numbers, and the tactical (1/80,000 or 
1/100,000) on a liberal scale. The 1/250,000, it will be noted, had not yet been published. 
The issue, for example, of the tactical map to a Battalion (with 30 officers) was 85, and the 
full issue tt> aru Infantry Division, 1,544. This scale of issue, combined with the large 
numbers of sheets carried (26), accounts for the great quantity of maps issued to the Expedi­
tionary Force, in spite of its small strength. The total issue for the force of six Divisions and 
Cavalry Division, 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, the issue to a Division amounted to 820. 

At the same date the issue of large scale map~ was first 1ecognisea, and G.R.O. 878 pro­
vided for 1 / 40,000 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 addition of various units 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 Armies and Heads of Departments. The resulting scale of issue 
{S.S. 435) was put in force in March, 1916, and continued with slight modifications until 
1918. In this the 1/250,000 was cut down to the scale of a strategical map; the issue of 
the 1 / 100,000 was increased, and full provision was made for the three scales of large sc,,_Je 
maps. This scale of issue included " Sectional maps," which was the special form of 
1 / 10,000 produced for a short time by certain Armies. It was, however, provided that the 
regular series of 1 / 10,000 could he issued when the sectional map did not exist. 

The following figures will serve for comparison with other scales of issue. 

Battalion. Divisi.on. 
Scale of l /250,000 2 1.58 
Issue, I/ I00,000 50 l, 140 
S.S. 435, 1/40,000 5 Z'?I 

March, 1916. I/ 20,000 :;6 7II 
l /10,000 80 1,421 

In October, 1916, as the result of considerable discussion upcm. the relative merits of the 
1/20,000 and 1/10,000 scales, it was decided that Armies could issue which they preferred. 

(d) Final Scale. 
(d) By the end of 1917 numerous changes in the composition of foxrnations and changed 

requirements of various kinds made a .evision of th7 Scale of _Issue necessary· . 
A careful revision of S.S. 435 was made, and copies were circulated to all Armies and 

branches in January, 1918, for remarks and suggestions. The German attack started bef<?re 
all replies were received, and nothing more could be done until the autumn .. Complete ~ephes 
came in ultimately, and a revised scale was made out, but was not put mto use owmg to 
the Armistice. . . .1 al · nces 

The opportunity was taken immediately after the .A11misttce, whist actu . expene . 
w..re still fresh in mind, to obtain detail,ed opiniol}S and reports from all form.;::ns a~d ~n: 
as to the adequacy of map supply and the suitability ~ the map scales. ana ysis 
the replies shows that in general the supply was considered sattsfactor)'. ·. General 

As a result of this and of the suggestions received, a complete revis10n of the 
Scale of issue has been made It embodies the latest opinions and the results of hthe er 
periences of map users in th; war, and so may be regarded as fairly representing t e nee s 
of the various arms. 
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This scale is not reproduced in this rep?rt, but _it will be found_, with O!her full details 

of all kinds on the subject of map supply, ma file m the Geographical Sechon, War Office. 
For purposes of comparison, the following figures are extracted,-

1/250,000 
1 /roo,ooo 
1 / 40,000 layered 

ordinary 
1/20,000 

I/ 10,000 

(e) Secret Trench Maps. 

Battalion. 
2 

50 
1 
8 

50 
50 

Division. 
139 
865 

32 
440 
815 
79° 

(e) As explained in Ch~p. 1, Section III. 8, a secret t'.ench ~ap was, until 1918, con­
sidered to be any map showmg our own trenches. Under this delimhon_th~ only secret ~aps 
published until the middle of 1916_wcre on the 1/10,000 scale. .1'.h:ir issue was stnctly 
limited, e.g., one per Infantry Bngade and a total of 15 for a D1v1s10n. 

In 1916 the i•me of a secret 1/20,000, showing back lines of our own trenches, was 
approved, but the issue was limited to three per Army (G.O.C, M.G.G.S. aud O.C.F.S.C.) 
and one each to the G.O.C. Corps and Division. This was increased in January, 1917, in 
consequence of representations by the Armies, to 10 per Army H.Q. and 10 per Corps H.Q. 

In January, 1918, it was decided that secret matter 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 Aruny authorised 
the issue of a secret r / 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. Subsequent representations showed 
that it was necessary for various units and formations in a Division to have the secret map, 
and the issue was increased to 2 8. This is the figure included in the final scale of issue 
mentioned above. 

(f) Spedal Scales of luue. 

(f) Besides the above scales of issue, which were of general application, th,ere were 
various scales made either for special circumstanoes or for special maps :-

(i) Special "Army" scales were made pending the revision of the general scale of 
issue, or to provide fot special needs. 

(ii) Situation, Battery Position, Enemy Organisation and various other maps were 
issued under Army arrangements according to requirements. 

(iii) Traffic Control and other maps prepared for the Q. branch were usuallv 
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. 

:i;:uu details of all the above will be found in the Report on Map Supply (Geo­
graphical Section, War Office) already referred to. 

12. Issues. 
(a) Replacement,. 

(a) The pri™;iple was followed throughout the war that aH issues should be replaced 
on demand and without query, .unless the request appeared on the face of it to be unreason­
able. Red tape was avoided as much as possible, 

. Thi_s prin_ciple was observed faithfully by Survey units, who recognised that maps are 
_pertshable articles, but not always by those through whose hands the maps passed on their 
way to _the troops. It was found on several occasions that demands from units or lower 
formahons had ):>een held up by. some subordinate on the mistaken ground that onoe an 
officer had received a oertani map he was responsible for its maintenance and had no right 
to caH for another. ' 
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. This matter ha~ a bearing also on the question of the receipt by troops of the maps to 
·which they were entitled. It has been pointed out (hat the Survey units made it their busi­
ness, in spite of great difficulties of transport, to deliver maps to Divisions, though, strictlv 
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 lower formations, and of the lower 
formations to distribute to the units. But it was frequently found that units had not re­
ceived their maps, and that they had been held up by some higher staff. As the maps so 
held up were kept untouched, it can only be assumed that they were kept for fear that they 
would not be replaced-a fear for which there was no justification. An example of this is 
a demand received for the re-issue of a large number of maps "to replace those destroyed bv 
fire at Brigade Headquarters." The maps should not ham been at Bde. H.Q. ; thei· 
should have been issued some time previously to the troops. This holding up of maps 
and creation of stocks was quite unjustifiable. It was the business of the Survey Units to 
maintain stocks, which they did in ample quantity, and no difficulties were ever raised about 
meeting proper demands. 

(b) Statl1tlcs. 

(b) The following general figures have been extracted from records, as being of 
interest:-

Map Issue to Expeditionary Force, 1914. 

The total issue of maps to the original Expeditionary Force, consisting of 1 / 380,160, 
1/So,000 and 1/100,000, amounted to about 335,000, exclusive of G.H.Q. and L. of 
C. troop~. Co1;sidering the size of the f;>rce (six Divs. and one Cav. Div.), this fig~re 
is very high, owing to tbe large scale of issue and the great number of sheets earned 
(26). 

Map Issue to 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 had a complete outfit been required), allowing four 
1/250,000 sheets, four 1/100,000, three 1/40,000, two 1/20,000 and two 1/10,000, 
amounted to· about 654,000, exclusive of G.H.Q. and L. of C. troops. 

Total .lfaps Printed and Issued for Western Front. 

The total of maps of all scales printed during the war for troops in France and 
Belgium was:-

By the Ordnance Survey, Southampton 
, , Overseas :Branch, Ordnance Survey 
,, War Office 
,, Survey Units ( about) 

Making a total of maps printed during the war of (in round 
numbers) 

21,703,798 
3,111,132 

2,149,450 
7,000,000 

34,000,000 

Stocks remammg 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 
Large scale 

Total 

5,216 
4,927 

10,143 

The total average issue, including all maps, for a Corps of three Divisions was 
34,200. 
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Restroes in France. 
The total maps of all kinds held in reserve was:­

In 1917-By G.H.Q. 
,, Armies 

858,500 
-1,10,000 

Total 

In 1918--By G.H.Q. 
Annies 

Total 

Small Issues by Maps G.H.Q. 

1,268,500 

1,587,500 
830,000 

The total small issues by Maps G.H.Q. (i.e., other than issues in bulk to Armies) 
was:-

Daily lssue, G.H.Q. to Armie~. 

233,600 
308,425 

The average daily issue of maps to Armies by Maps G.H.Q. for typical periods. 
was:-

January, 1917 
May, 1917 
July 15-0ctober 15, 1918 

20,110 

31,162 
21,413 

Great activity, full issue of large scale. 
Chiefly forward areas, 1 / 40,000 and 

1/100,000. 

The average daily issue 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 follows:-

3rd F.S.B., November, 1917 n,110 Battle of Carnbrai. 
rst F.S.B., January, 1917... 2,951 Typical stationary warfare. 
2nd F.S.B., May, 1917 19,006 Preparation for Messines, etc. 
4th F.S.B., July, 1917 7,013 AI,my 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 

Fielcl Service Battalion in one month was:-
By 4th F.S. Bn. in September, 1918 (British attack, fourth Battle of Ypres)-432,000 .. 

Average Monthly Isrnes to Divisions. 
The following are examples of the average number of map issues per Division per· 

month in the five Armies. The figures are taken from the first si;: months of 1917 :-

Arm;-. 
r: 

II. 
III. 
IV. 
V. 

(a) Types of Map for Disposal. 

Number of Maps (all Scales). 
12,958 

13. Disposal of Maps. 

10,925 
11,2•50 

9,108 
19,833 

(a) The large number of maps issued, the frequent editions of large scale maps and 
the constant lllDvement of units from one part of the front to another led to there bein~ con-
siderable numbers of maps for disposal. ' 
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These may be classed conveniently under the following headings:­

(i) Obsolete editions. 
(ii) Worn out maps. 
(iii) In use and serviceable, but no longer reqmred owing to advance or movement. 
(iv) Reserve, ditto. 
(v) Current secret or special information, no longer required for same reasons. 
(vi) Obsolete secret. 

Briefly, the disposal was 
(i), (ii) 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., and the F.S.B. informed. 

Instruction~ 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 Jtellevlng Divisions. 

(b) In order to economise issues, every endeavour was made to transfer current maps 
from one Division to another when a relief took place in the trenches. Those maps under 
tiv) and (v) of the preceding par~aph, left by an outgoing Division, were examined bv the 
Field Survey Battalion and as far as possible re-issued to the incoming Division. It was then 
only necessary to make up numbers to full Divisional issues by the supply of new maps, and 
consequently a great saving was effected. 

Current secret maps and maps mounted together containing special information 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 ;\lap Depots, L. of C., 
and a considerable portion of the time of the Depots was taken tip in the examination and sort­
ing of these maps. The small scale (1/250,000, 1/100,000) and 1/40,000 were examined; 
unserviceable copies rejected and the remainder sorted and packed for re-issue. Many 
thousands of maps were saved in this way. 

Trench maps and large scale maps of current editions were similarly put aside for re­
issue. Obsolete trench maps were sorted under editions and put aside in case of future 
need. This precaution proved to be sound. Many thousands were issued during the German 
advance in 1918, when we were again on ground for which trench maps had been printed 
some time before, and returned to the Depots when the 19q ad,·ance took place. 

Throughout the war requests were frequently received for copies of particular editions of 
trench maps. These stocks of obsolete 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 kinds, and several thousand demands were met from these L. of C. 
stocks. In 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 dis­
posal 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 sta!f of Maps. G.H.Q., t? dea_l wit!' 

publication and map supply. Captain Field, who held this appomtment. h~d _assisted m this 
work for seven months pre,;iously, in addition to his duties as O.C. Prmtmg Company, 
but from the date mentioned he was able to dernte his whole time to it. His staff was gradu­
ally increasecl until it included I officer and 7 other ranks at G.H.Q., with 10 other ranks in 
the map depots on the L. of C., besides the transport. 

(a) G.H.Q. 
(a) The duties of the Publication. and Map Sopply Section included :-

Publication. . 
Receipt of material from Armies, record, and transmission for reproduction to the 

Ordnance Survey or O.B.O.S. 
Record of all editions, and allotment of numbers and letters. 
Maintenance of card index of all sheets of large scale maps. 
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Map Supply in detail to all branches of G. H.Q. 
Maintenance of necessary reserves. of all demands, printing orders, etc., 
Receipt and transmission to proper quarter 

from Armies. 

Ree"'~': f all ori inal materials. . . · 
Fil~ng O f g d files of all kinds of maps and transm1ss1on of record copies Mamtenance o recor . , 

to England, etc. . 
Maintenance of indexes to trench maps, etc. 

Miscell01teous. . f F eh t • l 
Despatch of material to French and lilmg o ren ma ena · 

A stock of maps of the British front of every kind was kept, and also a stock of map~ ?f 
various kinds of all theatres of war, for issue to the departments of G. H.Q. and also to vistt· 

ing officers and others. . . d F d" d f Record copies of every edition and of all maps publishe in· ranee were 1spose o 

as follows:-
2 copies filed at G.H.Q. 
1 copy sent to M.I. 4, War Office. 
1 copy sent to D.G.O.S., Southampton. 
1 copy sent to Historical Sec?on, London. 
, copy sent to G.H.Q., American Army (by request). 

(bi L. of C. 
(b) The Map Depots on the L. of C. were organised as follows :-

Until May, 1916. while there was one L. of C. 
Main Depot, Rouen.-Opened August, 1914, closed May, 1916. Staff finally, 7. 

other ranks. 
Advanced Depot, Abbeville.-Opened October, 1914. Staff, 1 W.O. and about 4 

other ranks. 

From May, 1916, when there were two L. of C. 
Northern Depot, Calais:-Opened May, 1916, closed June, 1919. Staff, 1 W.O. 

and 3 other ranks. 
Southern Depot, Abbeville.-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 storagt, and issues, for small local issues, and 
for sorting 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 detail apart 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 edition. When 
a new outline edition was published, the first edition of trenches issued with it was always 
given the letter A. 

· Editions were occasionally given the ·name "Local" (e.g., Edition 3a Local) to dis· 
tinguish an edition published in France from those published in England ; but as reproduction 
in France became more common, this practice was dropped. 

The original intention was to publish new editions of all sheets of the " trench " scales 
of a certain area simultaneously; for e:rample, a 1 / 20,000 sheet and the four 1 / 10,000 corre­
sponding. It was however found impossible to do this in all cases. Attention had to be 
devoted in the first instance to sheets on which the front line fell, and there was often no time 
to revise the rear sheets. Hence it might happen that two 1 / 10,000 sheets on which the front 
line fell went through two or three outline editions, while the adjoining two 1 / 10;000 sheets 
remained unchanged. In such cases new editions of the corresponding 1 / ao,ooo were as a 
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rul_e_ brought out, em.bodying the l~ter editions of the revised 1 / 10,ooo, and the original 
edition of the ~nrevJSed. When 11 was possible to revis'.' the re_ar sheets, the whole series, 
I/ ~o,ooo wllh its four I/ 10,oo_o quarters, would be pubhshed with the same edition number. 
This acC?unts for the fact t~'.'t m man.Y cases, r~msecutive editions of certain sheets do not bear 
consecutive numb~rs, no editions beanng the •mssing numbers having been published in the 
case of those particular sheets. 

Certain other points may be mentioned in connection with the nomenclature of some of 
the earlier editi?ns. It was mentioned in Chap. 1, Sect. II. that the maps produced by 
the first survey m 1915 were not all named "Second Edition." In the case of 2 7a N.E. 
and S.E. an_d 36a N.E., the 1915 survey produced the first map of this area. there having 
been no previous enlargements, of the 1/80,000. The 1,915 survey sheets will in these three 
cases thus be found named FIRST EDITION. 

Gener.ally_ speaking t_he i~print FIRST E~ I_TION, SECOND EDITION, etc. (the 
number bemg m words), 1s a sign of an early edition. Later the figure was alwavs printed, 
as EDITION 3, EDITION 4. . 

" B SERIES " on some of the earlier editioru simply means the extension westwards 
of the series of .Belgian maps, to distinguish them from the maps of Belgium proper. 

"REVISED SYSTEM, OF SQUARI_NG," which also appears on some early maps, 
refers to the syste'? ?f squ~rmg ?sed on _Bnt,sh maps throughout the war, to distinguish ;t 
from a somewhat similar gnd which was m use for a very short time on the first introduction 
of squared maps. · 

SECTION IV.-DEDUCTIONS. 

1. Apparatus for Reproduction. 

(a) Uniformity and Standardisation. 

(a) The importance of having all reproduction apparatus of uniform type is self-evident, 
and has been emphasised during the war by the difficulties attendant on the replacement of 
broken parts, and the unavoidable complication in the supply of stores. It would be of im­
mense 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 flat-bet!. This was because all 

machines had to be obtained at second hand from the trade, and flat-beds are the commonest 
type in England; and also because few of our personnel were acquainted with rotary 
machines, and there 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 machinemen and feeders can be trained to use these machines quickly 
and efficiently, and that there is no difficulty, after a little experience, in making the neces­
sary adjustments and obtaining as exact register as is possible on a flat-bed. 

Rotary machines have the great advantages of compactness and lightness, both of which 
qualities are closely connected with the question of mobility, which will be dealt with in the 
following sub-section. 

The preparation of the plate for a direct rotary is precisely the same as for a flat-bed, 
·and it appears evident that this type of machine, slightly modified to suit service conditions, 
should be adopted in the future. 

(c) Camera,. 

(c) The cameras supplied during the war were mainly 24 in. by 2p in., this size being 
adopted partly on account of its comparative lightness and mobility, and partly because 
lenses to cover four times this area are by no means common or easy to obtain. For future 
requirements provision should, however, be made for cameras large enough to cover a double 
demy sheet, that is, to 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 Army H.Q. is necessary. The secrecy observed before an attack means that 
maps are not arranged for until the last moment, and consequently everything should he done 
to avoid unnecessary steps in reprod.uction. Hence it should be possible to photograph the· 
whole of the map at once. 
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in the course of their daily work. We must, therefore, t,e prepared with an organisation 
which will be able to cater for these at present ~for~seen n~eds. . 

During peace we should maintain as Mob1hsah?n E9mpm<;nt such machmes, ~a.meras 
and stores as will suffice for fhe probable nmned1ate needs of whatever _Exped1tio.nary 
Force is fike!v to leave these shores al short notice. The outfit ne·ed not necessanly be 
lying rdle, an·d might be maintained and used for current pea~e:time work at a Government 
establishment. It would at any rate be used annually for tra!mng purposes .. 

At the same time arrangements might be made with vanous hthograph1c and pr':'cess 
frms "ho have suitable plant for their apparatl15 to be taken over whenev"*' requue_d. 
We should be able to put our hands immediately on exactly the appa~atus we sha!l requue 
to supplement the regular military equipment which we shall mamtam .. In ma~mg these 
airangements the importance of standardisation of plant for use on achve service should 
he remembered. 

5. General. 
In the preceding paragraphs various criticisms and . suggestions for improvement haye 

been made in the particular subjects dealt with. It will be well, however, to add certam 
general deductions and to enunciate one or two broad principles which have been made 
apparent during the course of the war. 

It is of the utmost importance that the experience we have gained up to the present 
stage should not only be not lost but should be further exploited and developed under the 
more stable conditions of peace. For this purpose both personnel and money will be re­
quired, and a determination that when the next war starts we shall, subject to certain practical 
limitations, be in a position to supply the troops with all the maps they require, commencing 
on the very first clay of the war. 

The experience of this war has shown the vital importance of making 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 well 
mapped. It has shown the impossibiJity of laying do'Yll a. definite equipment which would 
be appropriate to a particular formation under all conditions and in all· theatres of war. 

In France, for instance, toward·s the end of the war the equipment which had· been 
collected at an Army Headquarters was able to cope with requirements, backed as it was 
by the Ordnance Survey. But for an Army acting independently in a more distant theatre 
of war it would not have been enough. Similarly, in the case of a Corps, the Topo­
graphicarSection was able, with the Army equipment behind it, to 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_ Fr"?ce wou)d. ~ave _been C?nsidered out ':'f all proportion to their numerical strength. 
E_yen for a smgle D!v1s1on m a distant theatre 1t would be advisable to provide a plant to 
carry out all the vanous processes necessary to reproduce and print in colours. 

In . all cases it is advi~able to start operations with as big an outfit as is ever likely to 
be ~eqmred for. the. campaign so _far as can be reasonably foreseen. It is b~tter to risk 
havmg plan~ lymg _id!~ than to nsk. ~ shorta~e of s?pply to the troops in the early stage 
of a c:impa1gn, which 1s always a. cnhcal penod. Sunilarly, with the staff of printers and 
others,1f more men are taken than· are found to be required wastage need not be made 
good, and the number will soon right itself. 

6. Map Supply, 
The various lessons derived from the experience of the war have been referred to in 

Section III. They may .be conveniently summarised here. 

(a) Numbers Carried. 

(a) Troops sh':'uld not be expected to carry too many maps. When on the move ten 
sheets of no'?"a} size may 1:>e taken as the maximum, of which four are carried on the 
person and six m the first-lme transport of each unit. A reserve should be carried at th 
H.Q. of _the Corps ?r corresponding formation. Provision should be made for the trans~ 
port reqmred for this. 

(b) Troops on Move. 
_(b) Troops moving ~rom one area to another should, as a rule, receive the ma s the. 

reqmre from the . responsible survey unit at their destination. At the point of deppartw!: 
they should be given only such maps as they require for the move. 



(c) Tran1port. 

(c) The secret of map supply in the field is transport, 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 hox-cars further to the rear, and, again, hy lorries further 
back still for deliveries in bulk. Decentralisation of supply from Army to Corps will pro­
bably facilitate supply, prdvided that the staff and adequate transport are available. 

(d) Responsibility for Supply. 

(d) The remarks made in Chapter I., Section IV., on the subject of responsibility for 
map 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 ad­
,·antages during periods of stationary warfare. 

G 



PART II. 

ARTILLERY SURVEY. 
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INTRODUCTION. 

The term Artillery Survey is used to include survey work, and work which grew out of 
the survey organisations, in its special application to the needs of the Artillery. Such work 
was done during the war by the Field Survey Battalions, but in future 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 providing artillery boards and observing for ranging ; and all work 
relating to the fixing of enemy batteries, such as cross observation, sound ranging, and 
examination of air photos and know ledge of map values in this connection. All the above 
methods include survey practise and a knowledge of survey as a necessary part of the 
p1ocedure. Artillery Survey is not in this report held to include screen calibration, as the 
only connection that this method had with the survey organisation was that it required the 
Bull recording apparatus (used in sound 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, however, no part of survey, and is therefore dealt 
with in an appendix. 



CHAPTER 1. 

SURVEY OF OUR OWN BATTERIES. 

SECTION !.-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 include both Fromelles and Aubers, and the Ranging Section, R.E., was 
asked to lay out the platform and centre line. In the subsequent report ranges and bearings 
to all prominent points in German are" were given. 

Two 9. 2. howitzer batteries which arrived shortly afterwards were dealt with similarly, 
and the pracbe<: became popular so quickly that by the end of February most heavy and siege 
battenes were fixed, and the Battery Commanders had been supplied with information con­
cerning all fixed points. Aiming points were al ways 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 and siege batteries on the front. 

The issue of this information marked an immediate advance in map shooting, for it 
showed up areas which were particularly in error on the map, and allowed of a rapid estima­
tion of good line. 

Before the Battle of Neuve Chapelle (March, 1915) a quantity of siege and heavy 
batteries were concentrated for the preliminar} preparation. For all of these batteries positions 
were fixed and line given to aiming points. In the case of batteries which came in at the last 
moment, the field in which they were to take up position was surveyed and bearings were 
given from a central point in the field. This work led to the provision 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 Sept., 1915), were carried out by the Ranging and Survey Section, 
the First Army Topographical Section having been formed only a short time previously. 
From Laventie to Lorette all heavy and siege batteries were fixed and provided with artillery 
boards, whilst the field guns and light howitzers were fixed 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. Transport again became the ruling factor. It was impossible to 
continue work from Company Headquarters, and plane-tablers or trig. observers were there­
fore attached to the H.Q. of Corps Heavy Artillery. Moreover, as every conspicuous trig. 
point was destroyed the difficulties of survey were enormously increased. 

3. Bearing Pickets. 
During 1915 an enormous number of points were fixed in connection with battery survey. 

Reserve and alternative positions, aiming points, etc., were continually being surve_yetl. 
To prevent duplication of work in the Somme neighbourhood it became obvious that 

permanent marks of iron must be used. Hence in the autumn of 1916 the 3_rd F1ekl Survey 
Company used these pickets everywhere, and lists referring to the numbers which were m?rked 
on the tabs tied to each picket were distributed to 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 " bearing picket," though their general use did 
not follow for some time. 

A bearing picket is a permanently marked point fro~ which bearings to severnl con­
spicuous points have been accurately determined. These pickets are numbered( and m some 
cases have the bearings written on the attached tab; but in any case the bearmgs are pub-
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lished in lists supplied to the Artillery. The object of the ?"aring picket is to _enable the 
Batt ·ry Commander to get accurate line wherever he is. It 1s unnecessary for him to have 
his ;osition fixed exactly, as was done whenever possible in the ear\y days of ~attery survey. 
He can fix it, approximately, from map deta1), and_ can.then, by settmg up a director over t~e 
bearing picket, give parallel line in an_r desued duec~10n to all the_g~ns of the battery. This 
can be done directly if the battery is visible from the picket, or, if 1t 1s not, uy means of an 
intermediate station. . . 

The value of a bearing picket is particularly i~ evidence when the pos1ho!" of the battery 
is not previously known (as in a hasty concentration) and m the case of a railway gun. 

4. Survey of Forward Positions. 
A new departure before the battle of Arras was the survey of. forwa_rd positions, in_ or 

close to our own trenches. The regular progression of the barrage 1~,. obviously, _a m~st v~tal 
matter, and the survey of forward positions, together with_ s~e prov1s)on for findmg lme, 1s a 
natural corollary. The advanced positions for the 9th D1v1S1onal Artillery were so surveyed, 
and this previous preparation proved its value in the gain of speed and accuracy. 

The same general procedure was followed at the battle of Messines. 

5. Battle ot Cambrai and Surpme Attacks. 
The battle of Cambrai (20th Nov., 1917) began a new era. The tendency to rely for 

success on a co~plete artillery surprise was, of course, natural and inevitable. A complete 
surprise means, however, map shooting and no previous registration. This in turn implies 
the most careful preparation for line and to a slightly less extent for position. The survey 
preparations for this battle were, therefore, most thorough, and included the insertion of a 
bearing· picket sufficiently close to each battery to allow of easy reference. Every battery, 
heavy or siege, which took part was visited by an officer of the Field Survey .Battalion. 

From this time onwards bearing pickets became a recognised feature of the preparation 
for attacks, and lists of them and of bearin6s from them were distributed to all gunners con­
cerned. Short courses were held at each Field Survey Battalion to explain their use. 

The Canadian and Australian attack in front of Amiens 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 been. A con­
siderable part was played by screen calibration, 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 photo­
graphs. Line was found, however, invariably by some direct survey method. Sun azimuths 
were observed in cases where more simple methods were impossible. 

6. Preparations for Defensive. 
At the beginning of 1918 we were definitely on the defensive. Naturally the survey pre­

parations for a defensive battle are more extensive than those for an attack. The number of 
alternative and r~serve positions is much l_arger and a considerable area in depth has to be 
allowed for. Tng. pomts and bearmg pickets were fi~ed and marked throughout the zones­
in which fighting was anticipated. 

7. Battery Survey during Operations. 
It is during_ the course o! operations that th~ real difficulties of battery survey begin. 
The necessity for pushmg forward the tng. skeleton, the congestion on the roads 

and the heavy reaction from the e?emy's artillery_ are_ all contributory causes, whilst perhaps 
the_ greatest trouble of all 1s the difficulty of gettmg mformation as to the movements of bat­
t~nes. The battle of Passchendaele introduced extraordinary difficulties in all these direc­
tions. 

During !he German offensive in 1918 little could be done to help batteries. The diffi­
cult¥ ~f findmg them _and the frequent change _of positi~n made any attempt almost hopeless, 
but 1t 1s also doubtful 1f survey can help at all m these c1rcumstances. There is little counter 
hattery work and targets are most! y under direct observation. 
. During the preliminary battles of the counter-offensive the bearing picket resumed its 
importance. When the advance began survey was carried on until the last stages. Naturally, 
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however, '?-S conditions became more and more mobile, transport difficulties intervened and 
the nec~ss1ty for survey diminished. Positions were fixed up to the last, but bearing pickets 
and artillery boards were not always available. 

In one_ Army a retu~n was. made to the practice of earlier days in issuing boards with a 
skeleto~ _gnd and_ the tng. pomts plotted on it. The Battery Commander himself inserted 
his pos1t1on on his board, and used a protractor in place of a paper arc. 

8. Technical Methods. 
. . I_t is not_ J)roposed in_ t!'is a~count to enter in detail into the technical methods employed 
m hxmg ~os1t1ons_ and ~1vmg lme, as they may be studied in the pamphlets and handbooks 
on the subject, which will be found enumerated below. It will be sufficient to indicate the 
methods used and to point out their practical value. 

(a) Position. 

_ (a) Batt~ry positions wer_e nearly always fixed by resection (sometimes called interpola­
hon) from tngono'?etncal_ pomts. The _resection, in the case of heavy artillery, was usually 
mstrument~l (that _,s, obtamed by measuring a round of angles with a theodolite or director), 
and ll:'aph1c (that 1s, by the plane-table) for field artillery. The observations for instrumental 
resechon were usually sent to the F.S.B. Hd.Qrs. for computation, but were occasionally 
computed at once in the field. 

_ As resection must be done from a position from which trig. points are visible, and battery 
~os1t10ns are usually_ concealed, _the process of battery fixing generally combined two opera­
tions, namely, resect10n of a pomt and running a short traverse \vith instrument and tape to 
the battery position. 

When resection was impossible owing to lack of time, personnel or trig. points, batteries 
were occasionally fixed solely from map detail. To have any useful result this procedure 
requires skill in map reading, some survey experience, and a know ledge 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 fixing became less common, giving place to the fixing of bearing pickets, 
which was, of course, always done instrumentally. The position of a bearing picket being 
known, it is easy, if there is a surveyor in the battery, to measure a direction and distance or 
to run a traverse, and thus get the position of the battery exactly, if it is desired to do so. 

(cl Astronomical Methods. 

(c} In certain circwnstances, as, for example, when the gun was concealed in a house 
or enclosed courtyard, methods had to be employed for determining line whic~ were inde­
pendent of trigonometrical or map detail. In these cases line could be obtamed _by the 
observation of heavenly bodies, or by the compass. In the former method the sunplest 
way was to observe a heavenly body (sun, moon or star) at a certain instant_, while ~t ~he 
same instant its bearing was measured from a survey post or other fixed pomt. This IID· 

plied telephonic communication between sun·ey post and battery, which coul? usually be 
arranged, or it could be done by careful synchronisation of watches, and taku~g the mean 
of several observations at pre-arranged times. This method was employed with the tele­
phone on several occasions, but not by watch.time, so far as 1s known. Anothe_r way was 
to observe an azimuth by the usual methods. This required more time and prev10us know-
1edge. It was employed on more than one occasion. 

Jn this connection it may he mentioned that the Groupe de _Can~vas de Tir of one 
French Army published a list of the bearings of the sun and certam hnght stars at certam 
times within a short interval of their rising and setting. This practice appears to offer 
possibilities, and might be developed. 

(d) Compass. 
( d) Obtaining accurate line by the compass when better methods are imp':'ssible is quite 

feasible, given proper precautions, and instructions were issued !O e_nable this to be done. 
The points on which emphasis was laid were the accurate determmahon of the error of the 
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( I f ·ron) and the multiplica-
compass, the avoidanc:e of disturbin~ influe~ces sue 1 as masses o I , 

ticn of measurements m order to obtam a reltalile mean. . 
ll was found during the ,,ar that very little knowledge existed among tl,e,.Jrtiller~ 

about accurate methods of obtaini~1g position and directwn, and that the.re was. ,, I _esprea 
i norance on the subject of the uses and limitations of the compas~, combined w1!h, m m~ny 
r~ses, a blind belief in its efficacy in all_ circumstances. Hence 1t became particularly im-

portant to spread education on these suh1ects. . 
In this connection Appendix V., on Magnetic Hearings, may he stmhed. 

(e) Technical Publications. 
(e) Notes dealing with the problems involved were published ~t various dates by most 

of the Field Survey Battalions and else11 here. Of these the followmg are the most compre-

hensive:-

Notes 011 S,m•ey methods of settmg out line for Batteries (yd F.S.B., June, 1918). 

Survey Aids to Gu1111ery (General Staff, Ja11uary, 1919). 

A pamphlet intend~d to s~persede othe~ publications and ~o establish u_nifo~ity ,.°f 
practice was prepared with cons1dera~le care m 1918 by Maps, (,.H.Q., m conJtmct1on \Hth 
the Artillery, but so far as 1s known it has never heen pubhshed. 

Useful notes on the problem of resection are:-

Notes 011 Trigonbmetrical Interpolation (3rd F.S.R., August, 1917). 
The Resection Problem (General Staff, I. (c), G.H.Q.). 

9. Personnel and Transport. 
The personnel availal.Jle for survey in a F.S.B. ,rns, hy establishment, one or two 

officers (one of the subalterns could be, and was usually, employed on this work), ten 
topographers, two computers, _six obsen-ers and assist~nts (all at H.Q.), and three topographers 
with each Corps Topo. Sec!Ion. These numhers, m the case of H.Q., were as a rule ex­
ceeded in practice. 

The whole of the above personnel was not available for battery survey, as there was 
always some map revision and other survey work to be done; but during preparations 
for operations it was generally necessary to concentrate e,·ery one on artillery work, unless 
other work was of sufficient urgency to prevent this. 

In addition to field hands, draughtsmen were required 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 obvious that one box-car 
(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 
Corps Heavy Artillery. The carriage of artillery boards to and fro made additional de­
mands on transport. 

Theoretically the H.Q. personnel attended to Heavy Artillery and the Corps Topo. 
Sections to Field Artillery. The decentralisation of survey of Field Batteries to Corps 
Topo. Se':tions, though theoretically sound, failed owing to lack of supervision, of suffi­
ciently tramed staff, and of transport, and resulted as a consequence in almost completely 
s!oppin~ the appl!cation of survey principles to the work of Field Artillery. The O.C. 
Lorps Topo. Secllon had so much office work to do that the proper supervision of his plane­
tahlers was impossible. 

It will be readily seen what advantages would result if the Artillery were completely 
indepen~ent in these matters, if every battery had personnel able to take all necessary 
observations and to prep~re hoards_, and every brigade at least one officer thoroughly com­
petent to check and supervise all Artillery Survey work. All the harrassing lack of personnel and 
t!ansport would be saver!, and battery survey would be decentralised on sound and efficient 
Imes. 
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SECTION 11.-ARTII.LERY HOARDS. 

l. First Supplies. 
_The accurate_ fixing ~f b~ttery positions and other features led to a demand for the 

prov1S1on of this mformation m _graphic form. Some of our batteries at the extreme south 
of our front came mto contact m 1915 with the Groupe de Canevas de Tir of the rnth 
French Army, and w~re pro\'lded by the~ with " planchtttes," or map boards. These were 
very handy for practical use,, ~nd gave ~1s~. to a demand for similar provision for ourselves. 
At about the same date the Second Ed1t1on" maps, the result o~ the first 1915 survey, 
appe~red, and m _all those cases where the arc of fire fell on Fortress Plan Directeur 
matenal (at that time the ouly ~ood map _existing of forward areas in France) the combined 
effect _of a go?d map and well-hxed position and line became at once apparent. The Topo­
graphical _Sect1o~s therefore undertook the ])reparation and supply of artillery boards for 
our batteries. _1 !1e first issues were made m the Third Army in August, , 915 _ These 
hoards were origmally_ supplied to Heavy Artillery only, but at a later date the issue was 

-exten?ed to F1~ld Ar!Ille_ry. The first 1 / 10,000 scale uoards were supplied to Field Artil­
lery m the Third Army m October, 1915. 

2. Necessity for Special Form. 
Artillery boards are provided for three reasons :-

( 1) The n~essity_ for _having the requisite information in graphic form. 
(2) Convemence m usmg the map. 
(3) Avoidance of inaccuracies resulting from the use of an unmounted or bad! 

mounted map. Y 

~e requirements under (1) and (2) could be met by n:iaps mounted in any fashion and on 
any kmd of boar~; but those under (3) can only be provided for by specially constructed 
boa,rds, and special methods . 

. Pape_r varies by at least one per cent. in ! inear dimen~ions with changes in the amount of 
m01sture m the atmosphere, and the change 1s usually different in different directions or 

-even in the same _direction in different parts of the sheet. ~ence the scale values are changed, 
and angles are distorted. Such changes are greatly magmfied when a map is wetted as 
d1;1ri~g the operation of pasting, and the cons eq_uent_ dist~rtions are rendered permanent by 
st1ckmg the map on a board. Wood also alters m d1mens1ons with chan~es in humidity. 

To meet all the requirements of an artillery boar<l we must therefire have a board of 
special material or construction, with the map mounted on it in a special way. 

3. Definition of Artillery Board. 
An Artillery Board may thus be defined as a board of such construction 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 w-ith all the 
information required by the Battery Commander (such as position of guns, aiming point, 
etc.), and 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 thi~ zinc a sheet of stout drawing paper was pasted; and on this 
paper the map grid was drawn, and the posit;ons of gun or guns, aiming point, and various 
conspicuous points plotted, and a " zero" line was drawn from the directing gun. On the 
earliest boarcls this was all the information given, but before long an arc was drawn, of 
radius greater than the range of the targets, and divided to Tead to 10 minutes. To save the 
labour of drawing, arcs were very soon printed and supplied in quantity, so that they could 
be cut out and pasted in position on the board. . . 

The earliest boards were thus simple skeletons, showing hardly anythmg but the gn_d 
and a few plotted points. They were often prepaired for a specia( operation, an1 the P?5l­
tions of certain cr-oss roads, trench features, or other targets for which the battery m. quest10n 
was specially detailed, were fixed by observation and drawn on the board .. The idea was 
that, following the example of the French, the Battery Commander could either _fire on the 
·square position which he could obtain from the map; or he could trace the detail from the 
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map and transfer it to the board. locating its position either wit~ _reference to the trig. poin~ 
or the map grid. A demand soon grew however for the prov1s10n of more general detail 
on the artillen· board. . 

It will be remembered that at this date the maps of the forward ~rea were. mostly m a 
,·err imperfect state. The,· could not therefore be used for the preparation of a~tillery bo~rds 
without gi\·ing some indication of the nature a?d extent of the er~ors t~ey contained._ Various 
methods were tried to pro\'icle the Artillery w 1th the fuller detail wh1~h they required. In 
some cases the detail was laboriously drawn by hand. In oth_ers, P?rt1ons of the map were 
pasted on to the board in the target area, b~sed on such . tng. pomts as were accurately_ 
shown. The true positions of inaccurate poo nts and promment features. ~vere. th':" plotted 
correctly on the map, and the difference betwee!1 the true and fa!:"' pos1hons md1cated the 
map error in that locality, and ranges and_ beanng:s to _topographical features had to _be 
corrected accordinrrlv. In other cases agam the tng. pomts were cut out of the map, leavmg 
;mall holes through ·which the correct posi(ions of the po!nts, _plotte~ on the board, c?1;1ld be 
seen. The map was then pasted on in pieces, the detail bemg adjusted to the pos1t1on of 
the nearest trig. point. 

5. Later Forms. 
As the map improved in ac_curacy it was increasingly used for the construction ?f 

artiller\' hoards. and at the same hme the boards themselves were altered somewhat m 
form. · Zinc became difficult to obtain, the number of boards required increased enormously, 
and it was found that good 3-ply wood gave equally satisfactory results, except for the 
larrrest boards. The latest form of artillery board supplied by the Ordnance Survei· was 
th:,.efore usual!,· consiructed of thin 3-ply wood, about quarter inch thick, mounted on a 
braced framework of deal of about z X 1½ inch section. These boards were very satis­
facton· and had the advantage of lightness . 

. -\.t a later Jate, 3-ply wood becoming difficult to obtain, experiments were made with 
boards of plain h.alf-inch deal, stoutly braced with battens about ¾-inch thick, let into the 
board across the grain, and screwed to it. These boards barely came within the limits 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 small sections, usually about 2,000 yards square, and pasted 
carefully into position on the grid. 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. which were printed in different colours to distinguish them, were pasted to these. To 
arnid errors due to expansion it was found necessary to cut these arcs into small portions 
and paste each in position. As a control the chord for a certain angle was calculated, and 
the length printed on the paper arcs. The arc when pasted was made to fit to this length. 

Finallv the grid bearings from the p;un position, or from the nearest bearing picket, to 
various points, were written in a convenient position on the board, together with the trig. 
co-ordinates of important points, and any other information that might be useful in obtain­
ing- range and hearing._. ~hen ~he position was known and the board prepare<l beforehand, 
small sketches of the a1mmp; pomts were often made and put on the boarrl. This enabled the 
gunners, on arriving at the new position, to pick up their points easily. 

Boards were a)so supplied when possible f?r forward observing officers. These were 
however of much simpler form anrl usually consisted of a small board hearing the portion 
of the map covering the target, anrl with the position of the O.P. plotted. A hole was made 
in the board, to hang it up in the O.P.; and sometimes the board was cut somewhat in the 
shape of a gricl-i-ron or square frying pan, the hole being at the end of the handle and 
representing the gun position. ' 

6. Size and Scales. 
_ The great majority of artillery boards issued bv the Field Surve,· Battalions were 
mtended for the I/ 20.000 Scale, and the USUal size WBS 28 in. by 23 in.,- which allowed of 
ranges up to a!"'ut 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 universallv, with detail 
on the 1 / 10,000 scale. · 

Special pr~vision had to he made for long range guns. At first, boards of 1 / 40,000 

scale were pronded, but as the 1 / 40,000 map was not up to date, they were made up with 
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bro':llide reductions of the 1/20,000 sheets. When large boards (30 ins. by 36 ins.) became 
av_a1lable, the 1 / 20,_ooo scale was used a~d board'!; of thi~ pattern were provided for the 
6-m. and short 9._2-m. guns. For the 12-m. and 41ong 9.2-m. guns, 1/ 40,ooo scale boards 
were made, but _m the case of these very long range guns the Artillery were encouraged lo 
work by calculatmg range and bearing rather than to use graphic methods. 

7. Official Pattern. 
It was suggested in 1916 that artillery boards should be made an official Ordnance 

supply, so that_every battery should.automatically possess at least one board among its battery 
stores. A desi~n was got out for 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 ch1_ef feature of which was the provisi?n of a metal pivotted scale and a 
metal arc, both of which could be fixed to the board to smt any gun position. 

The British boards were made in two patterns. 
(1) Heavy Artillery-Rectangulai, 24 ins. by 30 ins. 
(2) Field Artillery-Sector shaped, 15½ in. radius and allowing of an arc of fire of 

120°. 

Each was designed for the use of the 1 / 20,000 scale, and, except for the difference in 
shape, they were similar in construction and fittings. The latter were carried in pockets in 
the back of the board, and consisted of a scale, divided in yards, a pivot, containing a 
central 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 and arc could be fixed in anv 
position on the board by drawing pins, a supply of which were carried in a pocket. • 

The following criticism may be made on the official pattern boards. They were unneces­
sarily stout and heavy, the three-ply wood being ¾ in., that is about twice as thick as tnat 
used on the F.S.B. boards. The surface wood was too hard to receive drawing pins con­
veniently. 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 having a second shorter radius 
arc for use when required. The Field Artillery board might well be larger, and it is ques­
tionable whether the sector shape is an advantage; it certainly makes it harder to draw a 
grid. Finally, it might be possible to devise some means (such as a light wooden cover) uf 
protecting the surface, which 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 supply farge quantities of boards made by the Ordnance Survey. 

8. Construction of Boards. 
The method of mounting the map on the boards has already been explained. Certain 

matters in connection with the construction of the original boards may be referred to as having 
interest and a possible bearing on future design. 

Difficulties were experienced with the early boards 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 arranged :n 
various ways. One method was to cut slots 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 shee_t bv one nail onlv, in the middle, and to paste !men 
on to the sheet, turning the edges under the board and f;stening them there with _small n'.'ils. 

On the later Ordnance Survey zinc-covered boards the sheet was _fixed bv tackmg the !men 
under the board and without any other kind of fastening; and this was the simplest and 
most satisfactory method of alL . . . 

Some trouble was experienced with the later three-ply boards owmg to buckhng. This, 
however, it is thought, was due to the fact that as time passed it was almost impossible to 
get any properly seasoned wood. Both the three-ply wood and _the framed backing were 
probably green. It has been mentioned that the official pattern of board was made unneces­
sarily heavy. It is possible, however, that the thickn~ss of the three-ply :vood used on the 
F.S.B. boards might have been slightly increased with advantage; and 11 seems proba!"le 
that if future boards were made of somewhat stouter stuff, both · board and frame bemg 
thoroughly seasoned, they would be satisfactory in every way without losing the great advan­
tage of lightness. 

An excellent feature of the boards made bv the Ordnance Survey was the attached 
American cloth CO\•er, and the handle for carrying. 



9. Preparation of Grid. 
An important point in connection with the preparation of the board _for use is tha_t of the 

drawing of the preliminary grid, which serves as the framework to which the map 1s fitted 
when pasted down in sections. During the war this grid had to be drawn on every board, 
entailing a large a.mount of extr.a labour whirh it_ should be P?ssible to save_ ~n the future. 

It is of interest to note here the practical bearmg of the gnd used on Bnt1sh maps on the 
question of batteq1 sun·ey during operations. Owing to the fact that our grid was based on 
the sheet and not on the area of operations, ·-ombined with the fact that it did not fit the 
sheet. the grid was not continuous, and there was an interruption, or "overlap " at the junc 
tion of two 1 / 40,000 sheets. Hence it was impossible to issue a board for universal use, 
such as would ha,•e been extremely useful at any time, and invaluable during a period of 
rapid movement; because no one could say where a battery would be situated with reference 
to the edge of a r / 40,00 sheet. As an attempt to meet the difficulty, boards were issued with 
the grid overlap plotted at one third of the width of the board, and on these the positions of 
most batteries could be plotted with a fair amount of convenience; but the method ;s 
evidently a makeshift. The point is of considerable importance as showing the far reaching 
practical effect of a ~uestion which was at the 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 hoped will always be used in future; there is no reason why boards 
should not be issued with the grid already printed or engraved on them. 

1~. Numbers Supplied. 
The number of artillery boards required for use varied considerably according to circum­

sta.nccs. In the first place, every battery required at least one beard for use, and, if 
possible, an additional one at the 0. P. ; and if it was split up this number had to be doubled 
o~ trebled. Then there was the question of second or alternative positions, which might be 
either reserve or advanced, according to the nature of the operations. In either 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 
eqmpment of any battery should be at least four boards, and that something like a 25 per 
cent. reserve should be held at the nearest Artillery Headquarters. 

The a~tual number of boards supplied during the war by the Ordnance Survey was 
II,37_9· Figures for those made locally are not available, but as a rough estimate we may 
take 1t that a quarter of the above ~umbe~ were produced in addition in France, making a 
total of about. 14,000 bo~rds of various sIZes supplied to the Artillery. 

0~ the boards supplied by the Ordnance Survey, 6,399, or 56 per cent., were 28 ins. 
by 32 ms., and 3,201, or 28 per cent., were 30 ins. by 25 ins. 
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CHAPTER 2. 

CROSS OBSERVATION. 

SECTION !.-DEVELOPMENT OF UNITS. 

1. Early History. 
Before the end of 1914_ the ques!ion of battery ~xing, or "Flash Spotting," as it is 

commonly _called, had come _mt~ prominence, and vanous organisations were formed inde­
pendently m ord_er to 1eal w,t~ 11. Probably every Corps devised some means of trying to 
fix enemy b~ttenes, with varying dei;rees of. success. One of the earliest and best organised 
~f these umts was the Fl~sh Spotting Sechon of the II. Corps Artillery, which was estab­
lished on the front from Hill 63 to the southern outskirts of Armentieres under the command 
of Lt.-Col. Pottinger. It was equipped with alidades mounted on sector;, but " Instruments 
Observation of Fire," were introduced in December, 1915. This Section worked as a~ 
artillery unit during 1915 and until observation was taken over bv the Survev organisation. 
In November, 1915, the _Second Armi: decided, ho_wever, in consequence of the frequent 
moves of Corps, to organise flash spotting on Armv instead of on Corps lines. 

In the Third Army the fir~t organised unit f<;r ~attery fixing was the Artillery Survey 
Detachment, which was formed m October, 1915. fh,s was an R.A. unit, though it included 
among 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 Army Topographical Section. Before 
long, however, this dual control was abolished and the Detachment put entirely under the 
O.C. Topographical Section. It consisted of seven observation posts spaced along the 
Army front, each manned by one officer, six observers and telephonists, and one cook, the 
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 cumber­
some, and in April, 1916, it was split 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 follow­
ing on a conference held by the B.G.I., the First Army formed a Flash Spotting Section. 
In this case the personnel were selected from officers and men who had experience of survey 
and the use of instruments in peace time, but who included at first no gunners. The instru­
ments used were theodolites reading to 10 seconds. The section worked in groups of two 
Observation Posts each, and for some time there was no proper co-operation 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 equipment and organisation had been 
decided before he took charge. 

There is no doubt that the First Army Flash Spotting Section was formed on unsound 
lines. The decision of the Army that no R.A. were to be employed (though rescinded in 
January, 1916) resulted in a lo?s of touch with the _Artillery and a wa_nt of confidence_ in 
the unit, which it took a long tlffie to remove. The instruments were quite unsmtable, bemg 
too fragile for rough work, and of a wholly unnecessary de~ree of accuracy for the purP?se 
in view. The employment of groups of two posts was radically unsound, and enough in­
sistence was not made on the necessity for co-operation, which is so essenti3l to success. 
Lastly, posts were ordered to report individual flashes to the R.A., thereby destroying all 
chance of obtaining a location. . . 

Jn spite, therefore, of the fact that at the close of the war the ~irst A'.my batte~v fixmg 
,tas among the best we had, it took a year and a half for flash spottmg to live down its early 
mistakes in this Army. 

2. Observation Groups. 
Jn the meantime the question of observation aloog the whole front, with a view to the 

fixing of position of targe~, and;especially of ~atter!es, w,as being considered at q.H,Q., 
and it was decided that m the mterests of un1form1ty of method and control this work 
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should be definitely incorporated in the Survey organisation. Conseq~ently, O? tl,1~ forma­
tion of the Field Survey Companies in February, 1916, ~ "O_b~rvatlon Sect10n was m~ 
eluded in the establishment (No. 239, d/ 11/ 3/ 16). The 1d~a ongmally wa_s th_at, though the 
Observation Section was divided into Groups, the controlling and co-ordmatmg centre for 
observations was to be at the F.S.C. H.Q. . . . . 

The Observation Group, however, speedily developed 1?to ~ (ughly specialised and 
organised body, and all co-ordination of observation and localton w1thm the.Group was done 
there, though the F.S.C. or F.S.B. H.Q. remained throughout the c~mt~olhng and co-ordi­
nating centre for results. In the First Army the complete ~entrah~atmn o_f work at the 
F.S.C. H.Q. continued for much longer than m the other Armies, mamly owmg to the fact 
that there was direct telephonic communication between the Companr ~.Q. and all the posts. 

In this earliest establishment of the Observation Group, cons1stmg of a H.Q. and a 
number of Survev Posts it will be seen that no provision was made for any office work at the 
Group H.Q. The Gro~p H.Q. consisted of one officer and two o.r. (batman and _dr.iver), 
with a sidecar combination or light car; while a Squad (for a Survey Post) consisted of 
eight o.r., including one driver for a two-wheeled cart .. 

This continued until Dec., 1916, when a new estabhshment allowed for a Group H.Q. 
z ofucers and 14 o.r. (including z batmen and z drivers), with a light car, a motor cycle, and 
a 2-wheeled 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 allowed to maintain one squad in excess of the actual require­
ments for manning their posts. 

When the Field Survey Battalions were authorised in 1918, the Group H.Q. establish­
ment 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 formation 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 sent to 
Italy, one (No. 26) to Salonika, and one (No. 28) to Egypt; while one (No. 22) was employed 
as a Screen Calibration Section. The maximum number employed on the Western Front 
was therefore 24, which was just enough to cover the front without any reserve. 

At first each F .S. Company named or numbered its own Groups, but this caused confusion 
owing to the frequent changes of units from one Army to another, and in 1917, by order of 
G.H.Q., all Observation Groups were allotted numbers which they retained permanently 
thereafter. 

4. School for Observers. 
Instruction of personnel for employment in Observation Groups was carried out' in 

various ways by all F .S. Companies from the tinie they took over responsibility for this work. 
Both the 2nd and 4th F .S.C. arranged small instructional ·courses; but the 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 G.H.Q. in 1917. This school 
was organised on highl_y efficient lines, mainly by Major W. Newbold, R.G.A., and its equip­
ment 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. school was 
transferred to <?,H.Q. and absorbed by that uni_t. The establishment then authorised was 
1 officer (Captam) and ro o.r., of whom 7 were mstructors or administrative staff. 

When the Dep_ot F .S. Battalion was authorised in 1918, the establishment of the School 
for O_bsen-ers was mcreased_ t? :! ~fficers (Ma1or and 2 Subalterns) and 23 o.r., of whom 1 
were mstructors and 5 adm1mstrative 1 etc. 5 

5. Final Establishment. 
During the_ later st~ges of t~e war it \\'as found that, to make an Observation Group 

thoroug~ly efficient, ~n mcr~ase m the H.9. stren_gth was necessary, and an increase and 
change m the transport. This was not possible durmg hostilities; but when the advance into 
Germany took place, advantare was taken of_ the fact th!t a number of Groups would be 
left behmd and would be unlikely to be required for service again, to increase the W.E. of 



95 

those going forward. The "Higher Establishment" then approved represents very nearly 
what the experience of the war showed to be necessary for a completely efficient Group, 
capable of action in both stationary and mobile warfare. It was not exactly what theory 
demands, because it was still necessary to limit the establishment to numbers and material 
actually existing, so that the transport is not what would have been included 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 indeter­
minate had long been felt. An Observation Group consists of a H.Q. and a number of posts. 
This number must be at least three; it was usually four, but it was occasionally convenient 
and economical to include a fifth post, and so bring in a wider range of country with no 
increase in the H.Q. ~taff. But there were administrative difficulties in dealing with units 
whose strength was variable, and the A.G. branch objected to an establishment which they 
were powerless to check. Hence it was decided to give the Observation Group a fixed estab­
lishment sufficient for a H.Q. and 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 7 9 other ranks. Deducting 12 for drivers, batmen and cook, this left· a 
C.Q.M.S. and 66 tradesmen, made up of 53 survey post observers, 12 linemen, and 1 

carpenter. The transport, etc., was 1 30-cwt. lorry, 1 light car, 1 motor cycle, 5 2-wheeled 
carts, 2 riding horses and 6 bicycles. 

The above strength was intended to provide four posts of the usual establishment, 
namely II s.p. observers and I driver, with a 2-wheeled cart. 

The only changes which it is desirable to make in this establishment are to add 5 line­
men (making 4 per post and 1 at H.Q.) and to substitute a 3-ton lorry for the 30-cwt. (to 
carry cable); a 15-cwt. box-car for the light car; and a G.S. wagon (for H.Q. stores) for one 
of the 2-wheeled carts. 

The establishment would then be :­
Perso1111el.-3 officers, 84 other ranks. 
Transport, etc.-1 3-ton lorry, 1 15-cwt. box-car, 1 motor cycle, 1 G.S. wagon, 

4 2-wheelecl carts, 2 riding horses, 6 bicycles. 

If Groups were provided with C.W. wireless sets, 2-wheeled carts would have to be 
replaced by 2-horse limbered wagons. 

SECTION 11.-TECHNICAL. 

1. Functions of the Observation Group. 
An Observation Group is a unit organised and trained for the purpose of fixing objects 

bv cross observation, or, in other words, by the intersection of visual rays, and especially 
of fixing the positions of guns. or she_ll bursts by obse:"ation of_ their_ smoke or flashe_s. The 
duties of Observation Groups, as laid down on their formation, mcluded watchmg all 
ground to their front, and fi~ing and reporting the position of any target or unusual ,?ccur­
rence, but by far their most difficult_ and important duty wa~ that of fixmg guns, or flash 
spotting," with its corollary, observmg shell-bursts for ~angmg. . 

The dutv of an Observation Group may thus be bnefly defined as to provide accurate 
three or four:line observation for both location of targets anc! observation of fire. . 

With that in mind, we will trace the development of the methods employed to attam 

these ends. 
2. Early Methods. 

The problem of flash spotting may be said to consist in training obser_vers to observe 
flashes, and directing them on to the same flash. When, as was . usual . 1~ France, the 
number of flashes is great, and enemy guns are close togeth_er~ or ~ ~os1h?ns extremely 
difficult to observe (such as behind hills or in woods or bml_dmgs), it is ey1dent that. for 
flash spotting to have any real practical valu it must be earned out by a highly organised 
unit employing the most accurate methods. . . . 

It was for this reason that the earlier attempts a! flas_h spottm!I' either fa!l;d altog;ther 
or did not produce the best results possibl~. An ax10m m the fixmg of positions by inter­
section is that the positions of the observation posts must be accurately known, and that 



the direction of the obser\'ation rays must be as accurate as the nature of _the observati~n 
will permit. The early ohservation posts_ we re usually fixed from m~p detail alone, and m 
those days the map was not accurate, while rays were oft<:n magnellc_ or referred to mag­
netic north. It is not difficult to understand that observations made_ 111 this way, even to 
stationary and easily observed objects, would produce doubtful and inaccurate resu!ts; and 
when the great difficulty is added of observing a _large number of obsc~re flashes, 11 1s not 
surprising that, although a great many intersec~10ns of r~ys were obtained, Il?~ny of these 
were false intersections and the results bore little relation to the true pos1t10ns of the 
enem\' !!lms and that ~ounter-batterv work in the early days was consequently inaffective. 

\\'hen ~bservation was taken over bv the Survey Units the positions of all observation 
posts were naturally fixed exactly, and the measurement of bearint?s ~as done by accurate 
methods so that errors due to uncertaintv in these respects were ehmmated. The problem 
of flash ~potting was not, howe,·er. soh-ed thereby, for there remained the difficulty of ensur­
ing that observations were being made to the same flash. ThlS problem resolves itse}f 
into one of synchronisation ; that is, either of directing observers on to a flash which appears 
at a given moment, 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 intervals during the day and the booking of every observation 
to the nearest second, and it also meant subsequent comparison of all these timed observa­
tions, with a view to selecting those which referred to the sa,me flash. A very useful check 
could be obtained by timing the interval from flash to report, and this was usually done. 

Attention was soon directed to providing some means of recording the times of obser­
vations automatically, or of transmitting a convenient signal to Group H.Q. at the ·moment 
of observation. Forms of chronograph were considered, but nothing satisfactory was 
produced. A "drop-shutter" exchange was tried at the H.Q. as a means of signalling and 
ensuring coincidence of observation from the posts, but it proved too slow in action, and, 
moreover, gave trouble, due to short-circuiting. Finally the "Flash and Buzzer Board" was 
designed by 1.t. Hemming, and prodded a satisfactory instrument for svnchronisation 
which was used till the end of the war. ' ' 

3. Flash and Buzzer Board . 
. . The ide_a of an exchange showing lights by which observations could be synchronised 

ongmated w1~h the Frei:ich, who w~n: experimenting with such a board in February, 1916. 
Lt. (now Mai.or) Hemmmg t?ok this idea, modified and improved the design of the ex­
change_, and mtroduced the important feature of buzz.ers. Lt. Hemrning's design was pro­
duced m May, 1916, and the first flash and buzzer boards were supplied in November of 
that vear. 

The flash and buzzer board is a telephone exchange for communication between the 
Group ~ · Q: and the Survey Posts, and provided with certain arrangements for assisting 
synchromsallon of observalions. The first pattern was a 4-line ringing exchange but the 
later·pattern was a 6-line exchange_ \~orking by buzzer. By means of this exchange the 
~roup I:,Q. can spea~ to any p~st smgly or to all at once. The face of the board is pro­
vided with four (or six) small hghts, in connection with each of the Survey Post lines 
ai:id ~o arranged that the survey post observer can, by pressing a kev at the post caus; 
~ 15 hght ~o glow. A buzz can be made to sound simultaneously with' the light by ;ushing 
. own. a ey · A buzzer sounded by any observer can be heard bv all the others This 
is an important feature, as will be ev(dent from the description of ~orking given ~low. 
. The whole board,_ the C01_1Str-u~t10n of which was carried out by the General Post Offioe 
1s very compact, and is contamed m a box measuring 1 1. b . b 61. · h · h h' h' 
also carries the operator's telephone. 3.- } 10 Y I "2" ms. 1g , w 1c 

The method of working usually ad ted · h F s · 
"leading observer" was t Id t . k op m . t e . . Battalion was as follows. A 
flash appeared in his tefesco oe p~~ up a ce<1;am flash and. observe it. Each time the 
observers, watching through th~ir insirJ'ressed his key, soundmg the buzzer._ The other 
greatly aided in picking up the right ft mints, ;iuld_ hear the buzz, and by this means were 
but in their case the operator at H Q as · ey m turn observed and pressed their keys, 
the observation Finally the lead· · b cut off the buzzers so that the lights alone indicated 
to be done with no help from an m~ut~~e was cut off, and the last lighting of I_aimps had 
all were on the same flash he tofd th - b souroe. When the operator was satisfied that 

' e o servers to book and report their readings. 
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Working by buzz alone was sometimes resorted 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. 
fo such cases each D 3 telephone was tuned to buzz at a different key, and the operator 
could recognise each post by its characteristic bun. 

The method of observing with the aid of the "buzz " from the leading observer was 
peculiar to the British service, and there is no doubt that it helped 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 with the local Artillery, and in conjunction with their 
neighbouring Groups and S.R. Sections. 

Officers had to arrange for the day's programme of calibration or ranging shoots, to 
fix the positions of new posts, to visit posts by day and night, to render reports of all 
kinds-routine, special, administrative, etc.-to maintain the Group telephone lines and 
instruments, and to carry out moves when necessary. 

At the Group H.Q. there was always a good deal of administrative work, there being 
some 62 men to look after, distributed in small detachments at a distance, and seven horses, 
besides carts and mechanical transport. Besides this there was the technical direction of 
observation and the plotting of locations. 

It may be noted that the work of an Observation Group extended over both night and 
<lay. Night was the best time for fixing defiladed enemy guns, because it was only then 
that the flashes could be 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 bulk of gun-fixing was done at night, but much valuable work was 
<lone by day by all Survey Battalions at various dates. Most ranging was, of course, done 
by day, because the smoke of the shell-burst made a good object for observation. 

An important duty at the Group H.Q. was the estimation of the accuracy of a loca­
tion. Accuracy was classified 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 yds. (It was agreed at the end of the war that R ought to mean 200 yds.) This 
classification was not intended as an absolute guarantee, as it was impossible to give this; 
hut it was intended as a reasonable xuarantee, so far as the judgment and experience of the 
Group Commander and his knowledge of the conditions of observation could 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 communication, plotting boards on both small and large scales, 
drawing instruments, logarithms and other books, carpenters' tools, and, when possible, a 
small theodolite. 

5- Work and Equipment of Survey Post. 
The duties of a Survey Post were to watch the front generally and to make such observa­

tions for location as were required. The latter usually took the form of fixing guns and 
cbservation for ranging. Towards the end of the war the Artillery duties of the Observa­
tion Groups became so heavy that 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 to casualties, leave, sickness, or lack of reinforcements. Two 
men had to be on duty continuously, one was required to cook, while it was seldom that 
one man 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 send officers to the Survey Posts in order to familiarise themselves 
with the chief features in the landscape. 

The equipment of a Survey Post was an observing instrument, telescope, field-glasses, 
stop-watch, breastplate telephone transmitter with headpiece, and a supply of maps and 
panoramas. The observing instruments varied in pattern, and 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 unnecessary, though field-glasses were always 
useful. The stop-watch was for timing flash to report intervals. The breastplate telephone 
outfit enabled an observer to speak to H.Q. while at the same time observing and having 
bis hands free. It was a most useful addition. 

H 
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6. Ranging. 
Observation for ranging guns is an evident corollary of the wor~ of an Observation 

Group, for the accurate fixing of the position ot a shell-burst offer~ no d111iculty to a properly 
equipped unit. Ranging may be done for two purposes-to cahbrate the gun or to get . on 
tc, a target. The former is d_one by _observing bursts on the ground, the latter by fixing 
bursts either on the ground or m the air. 

Towards the end of the war observation for ranging assumed such importance-as it 
was obviously better to hit such targets as we knew than to be continually searching for 
fresh targets-that many Groups were employed on that work to the exclusion of practically 
a.II other. Proposals were also made on various occasions for the formation of small groups 
or detachments for this purpose only. . . 

These did not materialise officially, qut a number of unofficial groups were formed m 
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 manned by a detachment of Artillery consisting of two officers and about twelve other 
ranks. These detachments were called "Ranging Sections," and were administered ·and 
controlled technically by the Observation Group ta which they we-re attached. The result 
of this increase of personnel was a decided improvement in results. The Artillery took a 
greatly increased interest !n ralljling and calibration by cross observation, whih, the Gr~up, 
owing to the absence of d1strachons, were able to secure a much larger number of daylight 
locations. Similar 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., 
thev did not become a practical success, though they did some good work. . 

· It may be noted that the combination of R.A. and R.E. personnel had not'hing to do 
with such success as was obtained by these Ranging detachments. The essential point was 
the need for extra personnel to do the extra work. This personnel could not be obtained 
from the R.E., so was supplied by the R.A. 

(a) Ground Bucst. 
(a) The earliest observation for ranging on the ground burst was done in the Second 

Army. It was also foreseen in the Third Army as one of the duties to be done by an 
Observation Group, but it was not until the midtlle of 1916 that the question was taken up 
at all general<ly, and that its capabilities began. to be realised by the Artillery. 

Observation for ranging on the ground burst resolves itself into a question of reporting 
the result quickly and accurately to the Artillery in the correct manner; that is, in terms 
of yards short or over, minutes right or left. The observation of the burst is a compara­
tively simple matter, as, given a good llurst, it is an easy object, and there should be no diffi­
culty in getting a first-class intersection. The rapid deteMlination of the position of the 
shell burst with reference to rhe target and the line of fire involves the previous preparation 
of graphs, and various methods were devised which will be described below. 

By the middle _of 1~16 a number of, Groups ~ad waphs ready for various datum points 
.and targets. At this penod Gemian Artillery tactics mcluded the construction of clearly 
defined heavily protected positions, which were easily visible on air photographs and whicb 
continued active for months. Observation for ranging upon these could be undertaken at 
any moment if they were visible from the pcists. 

(b) Air Burst. 
Ranging on the air burst came into use in the British Army in the autumn of 1917 but 

.at that date it was aJ·ready common in the French and German Amries. The British 
Artillery w_e-re ~t first h:<ndicapP:d by the lack of ~e necessary time-fuse for high explosive 
s~ell, but _m spite of th"! fact this form of observation grew gradually into favour. Con­
~1derable unpetus was given to 1t by the exce!.lent arrangements and the quick reporting 
mtroduced by Capt. Coburn (of the 4th F.S.B.) during his period of duty at the Overseas 
Artillery School, Salisbury Plain. 
. . '.fhe theory of air-bur~t ranging is simple. It is desired to range on a target which is 
mvmble from ~he observation posts, but whose map position is known. A projectile is 
fire_d at approxun~te!y t~~ correct range and bearing, and timed to burst at some point in its 
tra3ectory wher~ 1t 1s vmble fr~ the observation posts. It is then possible from the known 
laws ?f the traJe<;tory to determme. where the shell will strike the ground; or it is possible, 
by smtably lowenng the angle of sight, to cause ·the shell to strike the ground at · t 
vertically below that at which it was observed. a pom 
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. Either of these methods may be employed. The former is called "ranging on the 
lr~Jectory"; the latt_er "ranging on a point vertically above the target." As far as the 
Field Survey Battalions ,yere concem~d, it was.immaterial which method was adopted, and 
at first both ways were tned. Later 1! was decided by the Artillery, for various practical 
reasons, that t~e latter method-ranging on the point vertically above the target-should be 
adopted exclusively. 

Th~ Observ_ation Group~ ,yere we11 situated for carrying out observation for position in 
t~e honzontal plane, but their instruments were not adapted for measuring vertical angles 
with the neoessary accuracy, on acco~nt of the_inferiority of their levels. They had, there­
f_ore, to be sup~leme~ed _by theodolites for this purpose, until the provision of the Theodo­
lite Fla~h Spotting, with its later and more accurate form of level. 

. ~s in the case '?f ground burs! _ranging, the chief difficulty w,as really the quick deter­
aninanon an<I repomng of the 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 m~ntion~~ ab~ve, in order_ to make the accurate work of the Observation Group of 
real _pra_ct1cal utlhty, 1t WlaS ~nt1al that there shou_ld be no delay in determining and com­
mumcating the results. In this respect th" Observation Groups ha<l to compete with the 
Artillery Forward Observer, who sent his report over the telephone within a second or two 
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 
use. There was also the question of preparation for observation. If the Artillery could not 
call on an Observation Group at short notice, it was unlikely that they would view the new 
methods with favour. 

It was evident from the outset that there were three requirements to be fulfilled in the 
method of determining the fall of the shell with -referenoe to the target:-

(i) In order to be sufficiently quick, the method must be graphic. 
(ii) In order to be sufficiently accurate, it must be done on a large scale. 

(iii) In order to avpid delay in previous preparation, 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 had to be plotted on a large scale, and this prooess, which even 
when the personnel had become expert took half an hour, had to be repeated for every change 
of gun, target or observation posts. · Attention was consequently directed to the design of 
11;raphs or "plotters," which could be readily adapted to varying positions and conditions. 
It is probable that every Observation Group devised some means of dealing with the problem, 
but all were not suitable for general use. Capt. (now Major) Jessop, for example, produced 
an elaborate mechanical device known as the "Jungle Plotter, which was satisfactory while 
in use, but was too heavy and too complicated for manufacture in nu,mbers. 

Of the plotters readily adaptable for general use, two may be mentioned. 
Percival Plotter.-Lt. Percival, while an Instructor at the School for Observers, de­

signed a graph by which the rays from a Survey Post in any position could be plotted on 
the scale of r / 5,000. The graphs were printed on tracing paper, and one was pinned in 
position for each Survey Post from which observations were to be taken. The rays from 
the Survey Posts could be plotted (with weighted threads) in a few seconds, and, by means 
of a suitable graph also provided for the target, the position of the intersection with reference 
to the target could be determined very quic!<)y. The pl?tter fulfilled t_he necessary requ!re­
ments admirably, the whole process of previous preparat10n and reportmg the round takmg 
a very short time. It was an ingenious arrangement, for which the designer deserved great 
credit. The objections to it were that the graph sheets were rather large, and consequently 
required a good deal of room, and were liable to be tom. 

Cohurn's Transparent Grid Plotter.-Capt. (now Major) Coburn designed graphs for 
plotting at about the same time as Lt. Percival, but independently. His graphs showed rays 
from an observation post drawn at various distances. The suitable gr~ph for each _post was 
chosen according to its distance from the target. The graphs were pnnted on tracmg paper 
in var:ious colours so that the different posts could be ddstin~uished, and were used over a 
sheet of glass ana'. read by transmitted light. A large stock of graphs had to be canied, and 
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it was not alwavs easy to see through the tracing paper and _distinguish. the _intersection; b~t 
the Coburn plotter was much quicker to use than the Percival, :ind Ju_dgmg _by results ,t 
seems to have been the most practical, for at. the e!'d of _the war <l w_as m use m about half 
of the Groups, the other half using various k! nds, includmg the P7rcrval. , 

Smellie's Protractor.-Capt. Smelhe designed a protractor, which was really an adaphon 
of the Percival plotter, for setting off scales whereby rays _could be plotted. In~tead o~ using 
the printed g~aph the scale was drawn in the board (whoch could be do°': quickly with the 
aid of the protractor). This had the advantage ~hat less roo~ was required than for the 
Percival plotter, and it was rather more convement for operation. 

7. Liaison with Artillery. 
As the efficiency of Observation Groups developed and thefr Artillery work came into 

prominence, the great importance of close lia,s':m with the_ Artill_ery became ~ore a_nd more 
evident. It was realised that intimate co-operation was qmte as unportant as mtens1ve tech­
n\cal training, and that it was essential to the practical utility of the ?bservation, Groups that 
there should be the closest touch with-the Artillery generally, both with the Counter Battery 
office and with the battery. In the early day,; of the war the dearth of Artillery officers led 
to the rule being made that none could be spared for work in the Survey units, consequently 
few of the Group officers belonged to the Artillery. This did not facilitate the establishment 
of a good liaison, in work in which acquaintance with A-rtillery methods and practise was 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 and men; 
lectures were given at Arnllery Schools, and every effort was made to extend observation for 
calibration or ranging. 

8. Observation Groups in Mobile Warfare. 
8. Observation Groups were developed in a period of statiionary warfare, and for some 

time were considered to be suitable only for work in such conditions, and statements to thiis 
effect were made in several official documents. Actual movements of the line, however, 
necessitating movements of Groups to conform, and the continual increase iin their efficiency, 
showed that, given proper equipment, Observation Groups were capable of a high degree of 
mobility while at the same time maintaining their usefulness. Much attention was given to 
this subject and to the role that Observation Groups must fill in open waxfare, with the 
result that their mobility increased to a remarkable degree. But there is no doubt that their 
usefulness in this direction is capable of great extension and that the subject is still in its 
infancy. 

(a) 1916. 

(a) The_battle o_f _the Somme was the first (est of _the abihity_ of all geographical methods 
to meet mobile condihons .. It was, !'aturally, 1mposs1ble to arnve at a sound tactical pro­
gramme without such expenence. Different ideas on the handling of Groups at once became 
appaxei:it, On the .'.me hand, in_"!ne Group, under the orders of an old regular gunner 
eve~t~1;11g was sa;nfi;".'1 to mob1hty, _the Group was moved forward without due regaro to the 
posS1bi11ty of mamtanmng the essential communication between H.Q. and the posts or 
!'etween H.Q. and the Counter Battery office, and it became a mere collection of individual 
m~ependent posts. On the other hand, another Group, by moving forward one or two posts at 
a time, was _able to contin~e in action with but little interruption, though lack of trained per­
sonnel and madequate eqmp_mei:it made the advance· too slow and the results of their work 
som~what meagre.. 1:here 1s l!ttle doubt however that the style of this battle with its suc­
cessi~n of l0;al obiechves lent itself to an advance post by post, and that this policy was the 
best m the circumstances and achieved far better results than the other. 

(b) 1917 . 

. (b)· The battles of 1917 we~e not _responsible for any marked advance in methods or 
t~cmcs. A~vances we_re too s~all to g1~e much practice in mobility, and the change in 
German. axtillery tactics-the mtroduct1on of alternative positions, wandering guns, and the 
value given to concealment at the expense of protection-brought many new difficulties. 
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(c) 1918. 

(c) During the operations in the spring of 1918 the retreat on the extreme south of our 
line was too pronounced and continuous to all ow of much flash spotting. Artillery work 
generally was on visible targets or on cross roads and communi,ca.tions, and locations would 
not have been of great value. Groups were assembled in rear and, formed part of "Carey's 
Force'' for the defence of Amiens, suffering fairly heavy casualties. 

On the 3rd Army front however movement was more methodical and much less rapid. 
Groups were able to keep in_ action, changing bases every day and keeping touch with the 
nearest heavy battery or bngade. Here, as always in mobile operations, the chief diffi­
culty lay in keeping in touch with someone who could exploit the information gathered. 

On the Lys front the experienoe of the German offensive followed very much on the 
same lines, w•th added difficulties of topography; for the country, flat, heav:ily timbered, 
ancl closely intersected with hedges, affords extremely few good observation posts. Touch 
was completely lost with C.B.S.O. 's as it had been in the south. 

As the line steadied Observation Groups took up their ordinary duties again. The 
numerous and accurate locations in the L ys salient and from the Vimy Ridge were perhaps 
the most noticeable feature in location, whilst calibration and observation for all sorts of 
shoots contiinued to a greater extent 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 communicatiion so bad, that Groups could not keep up and were for a time out of 
action. East of the Messines Ridge however conditions were ea.;ier, and Groups had no 
difficulty in keeping up with the heavy artillery, though unfavourable ground and weather 
prevented their effecting many locations. In this advance it was clearly shown that a Group 
moving along a road can deploy and get into act!ion in 3 to 5 hours from the time of 
arrival at the point of deployment. Other deductions from the experience of this advance 
are embodied in the conclusions at the end of this Chapter (Section III). 

From Amiens to Arras, however, the advanoe, occasionally in bounds of ten miles at 
intervals of several days, occasionally in bites of two or three thousand yards daily for a 
week or so, gave ample opportunity for experience and deduction. 

At the end of the period Groups were thoroughly efficient. Advancing along a signal 
route, in close touch with some Heavy Artillery Brigade, occupying a small base (3,000-5,000 

yards), continually studying the topography ahead and sufficiently served by transport, they 
averaged as many locations as in quiet times, and showed that the Observation Group is not 
a purely siege warfare unit, but is a necessary and indispensable adjunct to the artillery work 
of a large army. 

9. Training. 
(a) Observation. 

(a) Training in observation and the work 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) N_ewbold, a_nd lat~r Capt. (_now 
Major) Robinson. There were usually from 100 to 150 pupils ~nder mstru~t10n at _a (une, 
made up of recruits from the base and men from the F .S. Battalions undergoing Prehmmary 
or Advanced Courses. 

Recruits for Observation were obtained by the selection of likely men from the Base 
(where much help was given by the D.A.G.) <,r from the Armies. It was found that mei; who 
had had no experience at the front were of little use for several months, however suitable 
they might be otherwise. The ordinarv conditions of life in the Observation Group appeare<l 
to them hard, wheireas the man from the trenches welcomed the comparative relief, and was 
besides already educated to the sights and sounds of _warfare. . . 

Courses of instruction for S.P. Observers were either Prehmmary or Advanced. The 
former, through whiich all recruits were put, lasted three weeks, and included instruction in-

Organisation of F.S.B. 
Work of Group. 
Measurement of angles. 
Use of instrument. 
Fixing batteries. 
Maps and map reading. 
Use of stop-watch. 
Nature of Artillery and shells. 
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The Advanced course lasted three weeks, and included­
Map construction, co-ordinates, etc. 
Observation, other instruments, etc. 
Information about other units, such as S.R. Sections and 

Balloons. 
Work of Group and Post. 
Telephones, electrical connections, etc. 

Courses of instruction were also given in computing, in order to provide ~t least one man 
in each Group capable of dealing with the computations necessary for rapid surveys and 

ranging. . f d . A d' IV The detailed syllabus of these courses will be oun m ppen 1x • • • • 
For instruction in flash spotting an elaborate dummy range was prov,ded m which gun 

flashes were simulated by electric lights, and gun smoke by smoke puff_s from." bee puffer~." 
A complete Group was installed, with H.Q. and four P?5ts, and all mstruct1on was earned 
out in the most practical manner. For general _obser~at1on, the 3rd Army School wh~n at 
Beaumetz had the advantage of a post from which a view over the tren~hes could be obtame~; 
while the G.H.Q. School had one overlooking the sand dunes and a big stretch of country m 
which troop movements tanks, machine gun manc:euvres, aeroplanes, etc., could be seen. In 
1918 the use of a 6-pr. ~un was obtained on which to practis_e observation for ranging. 

(b) Mobility. 

(b) The first definite training for mobile warfar~ W":5 given in the ~rd F .~.B._ early _in 
1917. With the lessons of the battle of the Somme m mmd, courses of mstruchon m mobile 
warfare were held in preparation for the battle of Arras. 

A Group Qf three mobile posts, with a forward and rear Headquarters, was the organisa­
tion chosen. Speed of construction of lines, of fixing positions graphically, and of subse­
quent computation, organisation of transport, and packing were all practised. These courses 
were most valuable and taught many lessons. 

Subsequently much thought was devoted to the mobility of the Group. " Mobile 
courses " were held at the School for Observers. In these an effort was made to make all 
affairs of detail into a routine or drill which should follow automatically, whilst educating 
N.C.O.'s i/c Posts to select and fix their own posts and generally to use intelligence and 
initiative. These ideas were not accepted everywhere, though there can be little doubt that the 
original Third Army course and the subsequent mobile courses at G.H.Q. were on sound 
lines. It was, however, difficult to arrange for real "team" training, because the number of 
Groups never allowed for more than an occasional reserve Group, whilst most Groups re­
mained continuously in the line from their formation. 

(c) Survey. 

(c) Courses in survey were held in order to instruct officers in the knowledge necessary to 
fix their positions from trig. data. 

10. Observation Instruments. 
A variety of observation instruments were used in different places and at different periods 

during the war. 

(a) Theodolites. 

(a) Theodolites of ordinary surveying pattern were used for the observation of horizontal 
angles in th~ original Fl_ash Spotting S'7'tion of the 1'.irst Army. A common theodolite is not, 
however, smtable fo~ this work, f?r which a ~trong 1hstrument is required, with good tele­
scope power '."'d a wide field of view, and which need not read to less than I minute of arc. 

_Theodolites :were used later for the observation of vertical angles, for the special purpose 
of au-burst ranging. 

(b) Instruments, Observation of Fire • 

. (b) These instruments, designed, as their name shows, for the purpose for which Obser­
vahon Groups were formed, v.:ere found to b~ in possession of all Heavy and Siege Batteries, 
but were not used by thes~ umts .. They are m many ways admirably mited for their purpose. 
They are very strong, easily manipulated, and are provided with means of illumination for 
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night work. Their defects are unnecessary weight and a telescope that is optically inferior 
and has too small a field of view ; but they proved invaluable for the work of the Observa­
tion Groups, and were widely used until replaced by better instruments. 

(c) Directors. 

(c) The latest pattern of Artillery Director used by the Observation Groups 
-the Mark V.-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 and left, instead of round the circle 
from o0 to 36o0 ; and its optical qualities are perhaps 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. Practically 
all posts were, however, equipped with them before the introduction of the French telescope 
and the flash spotting theodolite, and the great bulk of battery fixing during the war was done 
with these instruments. 

(d) Theodolite F.S. and Longue-vue monoculalre, 

( d) The attention of both the French and ourselves had for some time been directed to the 
design of a suitable instrument for use in the Observation Groups. 

The British produced first the " Trench theodolite," which was a small prismatic tele­
scope, the design of which, with its mounting, was based on that of a captured German 
instrument. A few of these were tried, and then an improved instrument, called the " Theo­
dolite Flash-Spotting," was designed by Major Henrici, R.E., embodying various modifica­
tions. Both these instruments were arranged 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 were read on a graticule in the field of view. The Theodolite Flash 
Spotting is a compact and handy little instrument, with power 6½ and field of view about 
6½ degrees, and is carried on a simple well-designed mounting, with circle reading to one 
minute. 

The French had previously designed two instrumen.ts-the longue-vue monoculaire, for 
use by day, and a binocular for night-both fitted to work on the same mounting, which 

had a circle divided in milliemes. The longue-vue monoculaire was a prismatic telescope of 
excellent optical quality, with a 3-in. object glass and a triple eyepiece (powers 32, 23 and 16). 

The Service Geographique, who had the supply of these instruments in hand, informed 
us that they had placed a large contract, and that they could provide for our wants 
.also if we so desired. We welcomed the opportunity, and it was decided 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 certain number of these tele­
scopes, complete with the French mountings, were obtained and used, but in the winter of 
1917-18 a large number were fitted to the British mounting and were also provided with 
{;raticules, and by June, 1918, all Observation Groups were equipped with them. 

The new outfit was in most respects a great improvement on previous equipment. The 
French telescope was excellent and acknowledged to be superior to any of similar size pre­
v10usly used by the Groups, and the little theodolite for night work was agreed to be first-rate. 
The one rather serious defect in this equipment was that the mounting, designed to carry 
lhe flash-spotting theodolite, was too light to take the big telescope, with the result that the 
instrument for day use was not sufficiently rigid, and a considerable amount of play de­
veloped early. 

(e) Coles' Instrument. 

(e) In the autumn of 1917 Sergt. Coles designed an instrument for observation and flash 
spotting which embodied a really original idea. It consisted of a theodolite in which an 
image of the divided arc was projected, by means of. a prism, into the field 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 the eyepiece. The advantage of 
such an instrument for the difficult work of flash spotting, 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. Certain practical difficulties mainly connected with the optics were 
encountered, and this delayed the production of a model instrument, and hostilities ceased 
before the design could be sufficiently perfected to allow of construction in quantity. The 
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instrument was therefore never put to practical use in the ~eld, hu~ it was agreed by all "'.ho 
tested it that it constituted an immense advance on an~thmg previously used. Construct!on 
is being continued, and it will no doubt form the eqmpment of future Observation Umts. 

(0 Other Telescopes. 
(f) The instruments described above are all desi~ned for angl~ measu~ement. Besides 

these. _field:glass~s and telescopes were used for ordmary obs~'.v~tlon .. F!~ld-glasses were 
all ot pnsmat1c pattern. Telescopes were as a rule signallmg pattern, but 
others of a model called " S. , " were supplied. There was little to choose 
between these, and they were· satisfactory until superseded by the bett~r 
iongue-vue. When the demand for good telescopes was made by the Army generally m 
the· early days of the war a large number were purchased in England from t~e various 
makers of optical instruments and sent to France, and of these some found their way to 
the Field Survey Battalions. They were mostly of astronomical pattern of long focal 
length, and though excellent telescopes in themselves, were entire.ly unsuitable 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 note, and also the possessor of a quantity of Jena glass. 
He constructed a large number of telescopes which he presented for the use of the troops. 
A number were sent to the Artillery, and eventually four or five to each F.S. Battalion. 
His telescopes were of first-rate optical 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 small telescope for use in confined posts. Various delays 
were encountered in manufacture, and by the time construction could have been undertaken 
the Observation Groups were well provided otherwise. Colonel Gifford's name should, 
however, be remembered for the generous way in which he provided a large quantity of 
telescopes at his own expense for the use of troops at the front. 

SECTION III.-DEDUCTIONS. 

1. Role of the Observation Group. 
. The experience of the w~r shows that the real duty of the Observation Group is to pro­

vide accurate three or four-lme observation whenever required for both location of targets 
and observation of fire. 

To this _end it mus~ be self-contained and mobile. It must be capable of doing all work 
nece~sary to its rnstallat1on, such as su~vey and erec_tion and maintenance of lines, without 
outside help, a~d _als~ be co~pletely independent m matters of interior economy, such as 
fetc~mg_ and d1~tnbutm~ ra_tlons_ It must be capable of moving 10 miles a day and of 
comrng 1;1to action w_1thm six hours of arrival, and it must move and keep in toucll with 
some artillery formalion. 
. b T_he above implies a highly organised skilled hody whose value lies in team work It 
15 0 vw'-!sll'. absurd to split it up in mobile wa_rfare into independent posts on the Lovat 
:cout gn~c1ple, as was once proposed, and it is equally unsound to leave it behind for soine 
. atys thu_rmg an ad_v~nce, and thereby lose its services just as· hostile batteries begin to come 
m o eu new positions. - · 

Command of the Group from the Army is · b'I · · · 
instructions to the R.A. issue from the C ' i;hmoGi e operations, rniposs.1ble; Tact_ical 
from the same source. orps. e roup should receive its mstruchons 

(a) Officers. 
2. Personnel. 

(a) A good grounding in gunner · · J • • 
officer. As the Groups of the futur/ :;lla~ e~e;);" qua]ific~tu:'n for an Observation Group 
this point. e r i ery units, it is not necessary to emphasise 

. Every officer must also be thorough! trained · .. · 
important, but far more is needed The ord' . . rn survey. Map readmg is, of course, 
traversing and plane-tabling m·ust b f 1~1".ry simhple methods-intersection, resection 

.. - eam11artounThe'J 11 .. ' 
n:iust also be so fam, har that he can direct a d h k h G sunp e ea cu atlons mvolved 
little computation himself. n c ec t e roup Computer even if he does 

The third essential is a practical knowled e f . 
electrical connections and instrume t g o sithgnal wo~k and a thorough grasp of the 

n s necessary to e runnmg of his Group. 



(b) Other Ranks. 

(b) A large proportion of the rank an<l file must be skilled observers. There must be an 
ample staff for the maintenance of lines and instruments, and this staff must be sufficient to 
allow of picking ~p an_ old base simultaneously with laying out a new one; otherwise delay 
will be caused which will be fatal to the successful employment of the Group in mobile war­
fare. It may be noted that one of the great advances in efficiency of the Observation Groups 
took place when they undertook the erection and maintenance of their own lines instead of 
relying on outside sources. The H.Q. must 'nclude a surveyor, or computer, ~nd skilled 
"board" N .C.O. 's, who plot results as they come in from the posts. It must also include 
such tradesmen as are necessary to make the unit independent, such as a carpenter and boot­
rnaker. 

3. Equipment and Transport. 
It is unnecessary to go into all details of the equipment here, but a point that is inti­

mate! y connected with the number of personnel necessary and the amount of transport is that 
every Group should be prodded with enough wire for two complete bases, with, as mentioned 
in the previous paragraph, enough men to pick up one base and lay out another simultaneously. 

The transport allotted must be ample and suited for any kind of country. The trans­
port 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 
how great value it could be during movement, but by that date the situation with regard to 
transport made any increase impossible to obtaiq. But for future organisation special 
attention should be paid to this point. The details of what is necessarv 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 as a team, both wh~n stationary and when on the move. For this 
purpose mobile courses such as were held during the war are most valuable, and also because 
they keep alive the esprit de corps of the men and make them realise that the urut is an active 
one. It is, however, important io guard against a danger into which units which have to com­
bine technical with military efficiency are apt 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 must be the first and the chief 
-object ; and 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 automatic record of all flashes. 

(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 the report of a gun. The human observer soon gave way to the 
microphone. Similarly in flash spotting the time will probably. corn~ when t_he human 
observer will gave way to a photog.aphic record. So far the d1fficult1es of findmg a plate 
sensitive enough for the purpose have proved insuperable. To be of value the c~mera ~ust 
be able to record the glow or reflection of a flash from a gun defiladed from d1rect v1e,v. 
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 down and the length 

-of the base could be much reduced, because ~f the great accuracy of plotting which can he 
obtained on a plate. 

·(b) Wireless Transmission. 
(b) The second point is that of c'Ommunications. It is on.e_of ~e hardest problems to get 

information back from the Group H.Q. to the gunner. This difficulty sho~ld be largely 
solved by the introduction of wireless telegraphy. Either. C.W.W. or Spark1_ng Sets could 
be used, but whichever type is employed must be such as 1s used by_ the ba_ttenes themselve_s. 

Wireless will also solve the problem of warning all other location umts of the area m 
which activity is suspected, so that confirmatory evidence may be g':'t a~ on~- It may a_lso 
do away altogether with the necessity for laying internal commumcat1ons m the Section 
itself. 
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CHAPTER 3. 

SOUND RANGING. 

SECTION !.-DEVELOPMENT OF UNITS. 

1. Initial Steps. 
The possibilities of Sound Rangini; wer~ first inve~tig~ted by t~e. French, who had 

several Sections working early in 1915, mcluding \WO _ad1oinin~ _the Bnush front, at ~rras 
and north of Ypres. The subject attracted attention i~ the Bnush ,\rmy, Generals Umacke 
and Phillips being among the R.A. Officers who wer_e inter~s.ted. The latter had a_ctually 
proposed as early as 1914 that the possibilities of fixing positl~n by sound should ?". investi­
gated. Colonel Blandy, R.E., wrote a report on Sound ~ging as _he had seen it m Pans 
in March, 1915. In April, Colonel Hedley, R.E. (~e:cigraphic~J Secuon, G.S., War Office), 
was so impressed by what he saw and heard on a VlSlt to Pans, that he went a_t once to 
G.H.Q. and reported on the subject to various senior officers. The _result of this was_ the 
despatch of a Committee of three to report on French Sound Ranging. . The Committee 
consisted of Major Winterbotham (Survey Expert), Capt. Lefroy (Electncal Expert), and 
Major Dreyer, R.A. The 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 question. Con­
sidering how little was known of Sound Ranging at that time, and in what a crude state the 
French system 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 the eveht. The gist of their report was that :-

(1) Sound Ranging, though in its infancy, was a practicable propooition, 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 Section at the front. Their second report confirmed the first. 
The matter was put before the Experiments Committee at G.H.Q., but they decided 

against ordering any apparatus, on the ground that the method had not yet reached a suffi­
ciently practical stage. After some further representations, 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 section, and conduct initial experiments, Colonel 

Hedley secured the services of Lieut. (now Major} W. L. Bragg, Liec. R.H.A., a young 
sc_ientist wit_h a cons_iderable repu!ation. Lieut. Bragg arrived in France in August, 1915, 
with an assistant, ~~eut. H. Robinson, R.G.A., who was an expert mathematician, and 
two men (an electncian and an instrument maker). After a preliminary visit by· the two 
officers to a Bull Section working on the French front, the first British Section arrived at the 
front on 18th October, 1915. It consisted of the above-mentioned two officers and two men 
a_nd its transpor! was a specia!ly eq!-'ipped lorry containing the apparatus, and two Singe; 
h~ht cars; making a total, with dnvers, of two officers and six other ranks. A fortnight 
Lieut. Bocquet, R.G.A., was sent to the Section as Advanced Post Officer and a lineman 
was. lent to it by a ?eighbouring Signal unit. Lieut. (now Captain) Bocqu~t is an electrical 
engineer wh_o had. hunself 1:1ade 7ome or_iginal experiments in Sound Ranging while with his 
battery. His previous expenence m the !me was of great value when practical details of the 
establishment. of a Sound-Ranging Section were, at a later date, being considered. 

In allottmg so small a personnel to the first Section the idea was that the erection and 
maintenance of lines would be done by Corps Signals, so that the personnel of the Section 
would only be con";med "'.ith the working of the apparatus at headquarters. This was, how­
e~er, found to be unl?racticable, on account of the delays involved in getting help from 
Signals whenever a !me was cut. In spite of preliminary difficulties, the first location was 
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~ade by thi~ . Sectio~ o~ 2nd Novemb_er, and by December the results were considered suffi­
ciently promtsmg to JUstl_fy the f_ormatmn of seven more Sections, making in all two Sections 
for each of the four Armies then m the field. 

3. Formation of Seven New Sections. 
_The est~blishment (No. 239, dated ~ 1-3-1~) authorised for the new Sound-Ranging 

Sections consisted '?f 3 officers and 18 o.r., mcludmg 1 sergeant, 1 instrument repairer, 
1 photographer, 3 lmemen, • telephonists, 3 forward observers, 3 batmen and 4 M.T. drivers· 
and the transport consisted of 1 30-cwt. lorry, with special body for apparatus, 1 ,5-cwt'. 
box car, and 1 light car. The box car was fitted with a C.A.V. Dynamo, and the intention 
was tha_t 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 
alphabet. The first eight Sections were called Z to R (omitting U), the original Section 
being named W. 

Officers for the new Sections received one week's training at the original Section at Mt. 
Kemme!. As each set of apparatus was completed at the Institut Marey, the O.C. Section 
was sent to Paris to bring it up by road in its lorry. The new Sections were installed where 
they could be most useful, as there were not enough to cover the whole front. Survey was 
done by the Field Survey Company to which the Section belonged, and lines were erected by 
Signals. Owing mainly to the time taken to put up the air lines, Sections took a long time to 
get into action. Three or four weeks was about the average period, from surveying the base 
to getting the first result, and in some cases it ran into 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 in two or three days. 

The new Sections started work in April, May and June, 1916. The two southern 
Sections, R and S, 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 certain amount of in­
credulity, quite natural under the circumstances, prevented the results obtained from exerting 
their proper influence. It happened at this time, however, that German Battery Positions 
on the quieter fronts were very conspicuous, and· the accuracy of the sound-raPging locations 
was, therefore, readily checked. 

It became apparent, too, that sound-ranging was the only accurate method of location 
in times of bad visibility. Lectures were given and visits invited, and by December; 1916, 
most Counter Battery 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 Sections in order to provide 

a total at the rate of one per Corps ; and at the same time proposals w~re put forward . for 
an increase of establishment, which was approved (with the new estabhshment for a Field 
Survey Company) in December, 1916 (Nos. 407, dated 7-12-16 and 501/42_. date? 3-4-17). 

This establishment comprised 3 Officers and 33 O.R., the tradesmen betng 1 instrument 
repairer, 2 photographers, 5 linemen, 3 telephonists, 2 computers, 1 carpenter, 1 cook, 10 
forward observers, while the batmen, drivers and transport remained as before. A chang~ 
was, however, made in the form of the 30-cwt. lorry, which was no longer fitted with_ a special 
body. Experience showed that it was nearly always necessary to put the apparat~s m a ?u~­
out, and apart from that most officers preferred to get it out of _the lorry a~d disp~se 11 m 
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. Kemme! by W Section durmg the autumn of 1916, and 
in the winter of 1916-17 twenty Sections in all were in being. T~e wh?le fr_ont was well 
covered, with the exception of the Somme area and the Ypr~s sahent, m which two areas 
there was considerable difficulty in working. During that wmter the weather tor 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 locat_ion, and 1t was found that 
in certain conditions it was much the most fruitful source of location. 

At the same period-late in 1916-the location of our own shell-bursts for the purpose 
of ranging was begun. 
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5. Experimental Section, Salisbury Plain. 
Up to the end of 1916 all experimental work had been done by W (the original) 

Section at Mount Kemme!. The Section had in ~ugust been given extra personnel to 
enable it to do this work, but the difficulty of carrylllg out ~esearc~ so near t~e front was 
great. Apart from this, the Overseas Artillery School ':"as JUSt _belllg started m England, 
and it was considered advisable to have a Sou~d-Ranglllg Section a~ the School to work 
with the Artillery and convince them of t_he efficiency of Sound Ranglllg. . 

Consequently in November,. 1916, Lieut: Tucker w_as sent to. England with a nucleus 
of trained men, and the Expenmental Section on Salisbury Plam 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 continually becoming more active, had trained the personnel 
of the first 20 Sections. It became impossible for it to continue this work, and in March, 
, 0 17 the nucleus of an Experimental Section, consisting of Lieut. Bragg with one officer 
and five men, was transferred to G.H.Q. On the formation of the Depot Field Survey 
Company in the following month an esta?lishment of f?ur of?cers and twen!y-six other 
ranks with a motor-car and box-car, was mcluded for this Section, but for various reasons 
it did not actually join the Company until July. Between March and July the Section 
trained various officers and men and gradually collected machines and staff for a work­
shop. In the winter of 1917 the Section moved with the Depot to Campigneulles-les­
Grandes, and was given proper accommodation for classrooms and a workshop. 

This Section had three different functions : ( 1} Experiments on ~pparatus and methods, 
(2) Upkeep of existing apparatus and construction of new (such as automatic developers}, 
(3) Instruction. 

Though the Section remained to the end of the war the " Experimental Section," there 
was in practice a separation between the Experimental and Workshops portion and the 
School of Instruction, as each occupied the whole attention of a separate staff. 

(a) Workshop. 

(a} The workshop was in charge of a specially selected officer, Lieut. Cooke (of Prince­
ton University), with a permanent staff of sixteen workmen, to which could usually be 
added half-a-dozen reinforcements working in the shop while waiting to be posted as in­
strument repairers to a Section. By the end of 1917 the tools consisted of two screw-cutting 
lathes, five small bench lathes, one milling and one drilling machine. The lathes were 
driven through shafting by a Blackstone engine, which also worked a dynamo and together 
with_ a lighting Sf:t, supplied the electric light for the Depot and charged th; accumulators 
reqmred for. the. mstruments. To the shop was attached a large test room in which ten 
Sound-Ranglllg mstruments could be set up together for testing. 

The work of the shop was mainly as follows :-

. ( 1) The testi_ng ~f new apparatus and the carrying out of necessary altera-
tions before sendlllg it out to the Sections. 

(2) The repair of_ app~ratus and the supply of spare parts, including "harps" 
ready strung for Sections m the field. 

(3) T!'e alteration and remodelling of the old Bull-type instruments returned 
from. Sect10ns. 

_( 4) The actu_al construction of quantities of a numher of the smaller articles 
reqm_red by Sections, such as microphone holders and weights and eyelets for 
plottlllg boards. 

l 5) The construction of plotting boards. 
_(6) In addition ~o S~und-Ranging work, the workshop carried out the simple 

repairs to flash-_spottlllg m;<truments, overhauling and cleaning flash and buzzer 
boards, obse,:vation of fire instruments, directors, etc., and undertook such repairs 
as w~re poss1_ble to theodolites, besides which there were always a number of 
exper_1mental lllstruments and " gadgets " in course of construction for all branches 
of Field Survey Battalion activity. 

(b) Sound-Ranging Schoo•. 

Iii (b} The Sound-Ranging School had a staff, from January 191g onwards <lf three 
~ cers and four N.C.O.'s. At this date instruction on a larger ;,,ale ..:as begun to provide 
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fo1 the many Sections being forme,l, and until May there were as a rule ten o, twelve 
officers and about forty other ranks being trained as computers, sound-ranging operators 
ancl forward observers. In May the reduction in the number of Sections rendered further 
training unnecessary. Courses of instruction in "mobility" were also held. 

7. Formation of Sections for Overseas and new W.E. 
ln December, 1916, the W.O. ordered the formation of three extra Sections for service 

overseas,of which one was cancelled later. The formation of these two Sections was de­
Jayed owing to extensions of our line and the consequent extra requirements. In November, 
1917, the W.0. ordered the formation of another 12 Sections over and above those re­

quired for France. Consequently 34 Sections in all were formed in France, of which two 
(Q and X) were sent to Salonika, two (N and V) to Egypt, and one (E) to Italy, leaving 
29 Sections in France during the winter of 1917-18. 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 for a Field 
Survq Battalion, which was approved in August, 1917. This establishment comprised 
four officers and thirty-nine other ranks, the tradesmen being two instrument repairers, three 
photographers, five linemen, three switchboard operators, six computers, one carpenter and 
ten forward observers. The increase was not nearly so large as was required, but unfor­
tunately the situation did not permit of any greater numbers. 

With 29 Sections available it was possible to have four or five Sections in reserve 
and allow those in the line to get an occasional much-needed rest. 

8. Final Establishment. 
As in the case of the Observation Groups, a '' Higher Establishment '' was approved 

for a Sound-Ranging Section when the advance into Germany took place, the personnel 
being found by reducing the Sections left behind. This higher establishment shows, with 
the same reservations as to transport (which was limited to what was actually in possession 
at the time), practically what the final experience of the war showed to be necessary to make 
an efficient Sound-Ranging Section capable of action in both stationary and mobile warfare. 

The "Higher Establishment" was 4 officers and 6,~ other ranks. Deducting 10 

drivers, batmen and cooks, there remained a C.Q.M.S. and 52 tradesmen, including 6 com­
puters, 8 sound-ranging operators, 12 forward observers, 25 linemen and 1 carpenter. The 
transport was 1 Ford or similar light 4-seater car, 1 15-cwt. box-car and 1 30-cwt. lorry. 

Additions to the above which it is considered should be made are 3 forward observers 
and two 2-wheeled carts, making the total personnel (other ranks) 68. 

(a) Nordmann'• Experiment,. 

SECTION 11.-TECHNICAL. 

1. Early History. 

(a) The possibility of locating a gun from a record of the times at which its report 
reached various fixed 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 war, by 
any country for the practical application of "sound ranging." 

In the French Army experiments in sound ranging were commenced very soon after the 
war started. The first to give prru:tical shape to the idea was Professor Nordmann, of the 
Paris Observatory. He conceived the odea at the front, and obtained permission to go to 
Paris in September, 1914, to experiment. His first idea was to work on a measured base 
with three men, each with a stop-watch, who ,yould reco_rd the instant the sound reached 
them. In case sufficient accuracy were not attamed by this method he had foreseen the use 
of microphones and a graphic means of registration. As he had no technical knowledge _he 
consulted Mr. Lucien Bull, Sub-Di,rector of the Institut Marey, as to the J:>est '?leans of domg 
this, having heard at the Sorbonne that Bull had done_ work _on sound regIStr~hon. Mr. Bull 
is a British subject resident in Paris, and an expert m optics and mechanics. 

(b) Co-operation with Bull. 
(b) Bull thought over the problem and proposed the u.se of the string galvanometer. He 

also proposed that Nordmann should make his experiments at the Institut Marey, where he 
would have the advantage of Bull's workshop and technical knowledge. 
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During the following month work was ~arried out on thre.e schemes:- . . 
(,) Men with tapping k~ys, wo_rkiing_electn:i-magnet1c markers, which reg1Stered on 

a smoked cylinder side by side with a tun_e m!'l'ke_r. 
(•) Microphones, ~th or w!thout relays, registenng on the same way. 
(3) Experiments with the Emthoven galvanometer. 

Experime~ts on the first scheme were conducted pe-rsonally by Nordmann. He educated 
his "tappers" to a remarkably high degree of efficiency. 

Those on the second were conduct~d by Bocquet, . Nord~ann's assistant, who was an 
electrician in private life. These experiments were not rmmed1ately successful, but at a later 
period they led to the "T_.M. ". method. This is the method adopted officially by the Fre'!ch 
Army, which employs special microphones of the carbon granule type, and a recordmg 
apparatus in whiich styles register on smoked paper. . 

The third series of experiments were conduct_ed by Bull. He used three ~arbon micr<?­
phones of the long distance telephone type, fitte with gramophone horns to mcrease their 
sensitivity. These were connected to three strings specially fitted to the large laboratory 
Einthoven galvanometer. 

(c) Test of System•. 

(c) The first and third methods gave promise ?i ultimate success, _and a base was map~ed 
out consisting of three stations, the cen•ral of which was on the Inslitut Marey, and havmg 
a total length of 4,500 metres. A test was arrange? to take place on 17th Novem~, in the 
presence of three French Generals, on two guns firing three rounds each at a pomt about 
4,000 metres away. The meteorological data for corrections were supplied by the Eiffel 
Tower. ' 

The guns were successfully located to 20 metres for Line and 40 metres for 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 some­
thing in sound ranging, and Nordmann was sent to the front with his tappers for work in the 
field. It is interesting to note that at about the same date (January, 1915) a Section working 
with stop-watches was installed on the Arras front under Captain Bougier of the French 

Engineers, whilst a similar Section took up its position on our left to the north of Ypres. Jt 
is not known whether Capt. Bougier had any knowledge of Nordmann's experiments, but it 
is certain that both worked simultaneously at the problem of sound ranging wnth human 
observers, but with different apparaliiS, that used hy 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 whole apparatus was made more portable, and a motor lorry 
was fitted up as a dark room with all the instruments inside. The microphones were made 
more sensitive, and protected from the wind by placing them in large cones. 

On 6th January, 1915, the Marey Institut outfit was sent to the front at Tracy le Mont, 
near Compiegne. It was in charge of Lieutenants Taris and Ferre, of the 8' Section du 
Genie. Professor G. Weiss and his son, who had helped in the laboratory on the mathematical 
side of the system, formed part of the expedition. The apparatus was at one period known 
as the Bull-Weiss, but Weiss's connection with it was slight, and all the technical r!etails 
had been worked out by Bull. 

The expedition remained at the front for a week, during the whole of which the wind 
was adverse.' No good records of enemy guns were obtained, partly for this reason and 
partly owing to ignorance of the existence of the "onde de choc" or shell-wave. The shell­
wave is the sound made by the shell travelling through the air and in the case of a high 
velocity gun this sound travels in advance of the true sound ~f the gun discharge and the 
sound record gives a false position. ' 

French batteries a_nd th':' bursts of enemy shells were, however, located with great 
succ~s, and the conclus!on arruved at was tha! the microphones were not sufficiently sensitive. 
On his return Bull carried _out a numbei; of improvements, and in the spring sent a report 
on h01s method to the Serv!ce Geograph1que, pointing out the advantages of the galvano­
met1;c method an~ advocatmg the use of a regular rectilinear base. Shortly afterwards the 
Service Geograph1que ordered three sets of apparatus from the Institut Marey 

_At the same. time th~ 8• S~ti~n du G~nie at St. Cloud, where Bocqu;t was working, 
earned on experunents with the microphones and smoked paper reoorder and ultimately 
developed the T.M. method. ' 
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It is interesting to note that both the Bull system ( officially adopted by the British and 
American A_rmies) and_ the T.M. system (offi<;ially adopted by the French Army) originated 
m the expenments earned out at Nordmann 's mstance at the Institut Marey. 

(e) Other Sy1tem1 In France. 

(e) In_the e~rly !!art of 1915 a number of workers in France attacked the problem of 
sound rang1_ng, with _different met~ods. M .. Dufour, ?f the J;;cole Normale, developed a 
photographic recordmg system, with S oscillographs m place of the Einthoven galvanometer 
and a form of "rupteur" .as microphone. Thi;' sy~tem he afterwards developed to a high 
p,tch of excelle~ce, employnng an electro-magnetic microphone in place of the rupteur. MM. 
Cotton and Weiss developed a system which worked on a different plan from all the others, 
and was used by one of the French Armies up to the end of the war. 

This system depended_ on the use of "rupteurs," two of which were placed at either end 
of a base of 200-30? yards m length_, _and formed part of a Wheatstone bridge circuit. A flux­
meter- was placed un the same posnt10n as the galvanometer in tbe Wheatstone bridge. When 
a sound-wave reached one rupteur the circuit in that arm of the bridge was broken and a 
current. flowed through the fluxmeter. This current ceased w~en the circuit was broken by 
the arnval of the sound-wave at the other rupteur. The readmg of the fluxmeter prov:ided 
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 usual way. This system 
was simple, easy to instal, and required little "ire; on the other hand it gave no permanent 
record, and usually answered to the shell-wave and not the gun-wave. It was not equal to 
the Bull, T.M. or Dufour systems, but it had roints, and for certain purposes (possibly for 
trench mortars) it might be useful. 

M. Claude designed the "Orthophone," an arrangement of two ear trumpets similar to 
that used for locating aircraft (see below, paragraph 3 (d)). 

In the British Army. seve~al _investigators took up this problem independently, and 
proposed schemes for dealmg with it. None of these, however, reached the practical stage, 
nor did any of them offer hope of competing sucoessfully with the Bull method. 

(f) Other Systems In England. 

(f) In England the question also received, at a somewhat later date, entirely indepen­
dent consideration. The experiments made proved abortive, but have some historical in­
terest. In the summer of 1916 Lieut. A. Anderson, in conjunction with Mr. Irwin, carried 
out a number of experiments, under the auspices of the Munitions Inventions Department, 
and produced an apparatus for sound ranging. This apparatus included microphones based 
on the rupteur principle, having a rubber diaphragm, a recorder consisting of a modified 
Brown telephone receiver on which a small mirror was mounted, and a cinematographic 
camera which received on its film a spot of light reflected from the mirror. Results were 
computed by a special method which is described in paragraph 7. · 

G.H.Q. France was notified of the production of this apparatus, and, it being con­
sidered that the recorder offered distinct possibilities, it was proposed that it should be tried 
in the field. Lieut. Anderson came to France later, and, having seen the Bull apparatus, 
did not press for the trial of his own, being apparently satisfied that it could not compete. 
The Anderson-Irwin apparatus was thus never used in the fieLd. The chief lesson to be 
learnt from these experiments is the futility of attempting to perfoct an apparatus without 
studying the practical conditions under which it will have to work. The apparatus included 
some good point/;, but all the experiments in England 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 sound ranging, namely, 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 French front in the Vosges to get experience. At this time (Septem­
ber, 1915) this Section was getting practicalJy no results, owing to the type of micropho_ne 
used. This was an ordinary telephonic microphone (Paris-Rouen model), to the carbon dia­
phragm of which a light paper horn had been gummed in order to increase the sensitivity. 
This microphone was much more sensitive to the shell-wave than to t~~ gun repo~; m 
fact, it recorded the latter only in exceptional circumstances. It was sens1t1ve to all ordmary 
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noises, such as speech and rifle shots, and was easily afftcted by _the wind. The ch~racter 
of the record was the same for every typ~ of sound record'.'d, be111g made by a continuous 
vibration of the galvanometer string. This made 1t yery cli_fficult i~ read the re?ords. . 

In quiet conditions a howitzer could be recorded and its _yosit1?n ,,fixed sat1sfactonly. 
In the case of a gun, the shell-wave alone was recorded, and · ca~sh"': were _used to _work 
out its position. The normals to the shell-w~ve, ,~stead of ,~eetmg 111 a pomt, outline _a 
curve corresponding to the "caustic 11 in certam opt1ca.l expenments, hence the use o! this 
term in sound ranging. The caustics for German guns were calculated m~themat1cally 
from their range tables, when these w~re available, which w~ only the case with the ~?re 
common types. By fitting these caustics to the rnt~rsecllons m the board,. the g_un P?5•t10n 
coold be found. The method was very uncertain. The shape of the caustic vanes wit~ !he 
tvpe of the gun, with the range, and with the muzzle velocity of the. shell. The position 
C:f the gun had always to be found by a series of approximations. It had some success, 
however, as in those days few types of guns were used by the Gem1ans. . 

Locations were plotted on a board on the scale of 1 / 20,000.. The mrcrophone bases 
and ri•ht bisectors were drawn on this board,, and the angles which the asymptotes made 
with the right bisectors were calculated by logarithm tables for each time interval. These 
asvmptotes were then ruled out on the board by using a large protractor .. 

- The Section had six microphones wired to headquarters by cable, which was supported 
on trees and posts. 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 base 
was far from regular. 

This was the state of Sound Rangi_ng in September, 1915, when we took it 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 between Dickebusch and 
Mont Kemme!. 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 ~ts lines, and the 
Signals foresaw difficulty in keeping up the lines for the greater length, 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 Section, which had to experiment with a view to improving methods, 
and at the same time procure results to 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 depended on the use of '' caustics,'' corrections for wind and 
temperature were rough, and the personnel was absurdly inadequate. 

Locations made at that time were limited to indicating the sub-square of the map from 
which the gun was firing. Nevertheless, guns were located which had previously been un­
known, or only suspected, and, as already stated, results were considered sufficiently promis­
ing to justify the formation of new Sections. 

(b) Early Sections, 

(b) The seven new Sections formed in the spring of 1916 encountered the same diffi­
cultie~ due _to the_unsuit~ble microphones and the shell-wave, but they were able to profit by 
expenence m havmg their bases lengthened to 5-6,000 yards. The front at that time was 
very q~iet as r:ompar~d with ~9~7 or 1918, and it was possible, except during a battle, to 
mamtam the Imes with the hmtted personnel. With these conditions howitzers were located 
with considerable accuracy, and even field batteries were fixed to 100 or 200 yards bv means 
of the caustics. • 

(c) Stop-watch Method. 

(c) Whil~ sound ranging was being developed on the above lines, certain experiments 
wer~ made. with other ~ethods. M~ntion has been made of the French "stop-watch" 
section, which was established early 111 1915 on the Arras front. This Section had given 
many good r~sults, ~d had created a belief in the possibilities of sound ranging which stood 
the new Bntish Sect10ns at the South end of the line in good stead. The French personnel 
was excellently trained and the officers shrewd, knowledgahle men, who were not above 
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drawing bold (~nd generally j~stifiab(e) concl?sions on scanty evidence. An attempt was 
mad~ m the Thud _Army to raise similar Secll_o~s to fill the gaps between our microphone 
Se<:t10ns, but experience s~owed that. long trammg and practice are necessary before any 
reha~le res~lts can be obtained by this method, and the British stop-watch Sections came to 
nothmg, bemg, moreover, soon rendered unnecessary by the increase of the regular Sections. 

(d) Orthophone. 

(d) Another device which was being used on the French front-the Claude Orthophone­
was t~ied. It may be noted that the," Murray_" apparatus, which was sent from England 
for trial, was merely a copy of the Claude, bemg cQJistructed from reports and descriptions ot the latter instrum~t. The device consists of two ear-trumpets fixed, 10 feet apart, to 
e1the~ end of the horizontal ~ember of an !ron T _made of gas-pipe, which is supported so 
that 1t can be rotated round its central vertical axis. The base of the T is in a dug-out 
and is provided with an arc and pointer; the top projects through the roof. Two tubes lead 
from the ear-trumpets down the gas-pipe to a stethoscope head-piece, which is worn by the 
observer. By rotating the whole until the sound appears to be" in front," or, in other words 
of equal intensity in each ear, the approximate direction of the sound can be obtained. Thi~ 
instrument was soon given up by both the French and by ourselves. The shell-wave introduces 
insuperable difficulties in locating guns (though not howitzers) by this method, and the results 
obtained suffer much in comparison with those obtained by our regular system. The Germans 
continued, 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 who were suited for research, were constantly considering the various 
problems which had to be solved, and the improvements which it was necessary 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 1916 Lieut. Bragg set to work, with the aid of Lieut. 
Tucker, to attack the problem, and in June, 1916, Lieut. 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, and from this time a number of improvements were introduced whose 
combined influence greatly increased the effici~ncy of the Sections. It will be convenient to 
follow the development of improvements in each particular line independently, though actua11y 
they took place to a large degree concurrently and in many cases were interdependent. 

4. The Tucker Microphone. 
The faults of the existing type of microphone were, of course, obvious, and experiments 

were being made with various other forms. The line which experiment should take was 
indicated by the results which a French physicist, Professor Esclangon, had obtained at 
L'Orient. He had recorded the firing of large guns by means of an instrument similar to an 
aneroid barometer, and discovered that the shell-wave consisted of very rapid oscillations of 
pressure of no great amplitude, 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 shot! ones. 

In the Tucker microphone an air-tight container, of 20-30 litres capacity, has a sma11 
window pierced in it. Across this window is stretched a fine platinum wire, which is heated 
to red heat bv an electric current. When the sound wave reaches the microphone the difference 
between the pressure inside and outside the container causes a current of air to pass through 
the window, and this cools the platinum wire, thus causing its resistance to decrease. The 
-wire is in one arm of a Wheatstone bridge, or some simi]ar electrical arrangement, and the 
change in resistance of the wire a11ows 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 maximum response to sounds whose frequency is of the order of 
15 a s~cond. Sounds of high frequency, such as speech or noises of traffic, do not affect it 
at a11 and even rifle shots have no effect when at a distance of more than a hundred yards; 
vet it' will respond well to guns which are hardly audible. It has another great advantage in 
that it responds to the same kind of soun~ in the same w~y, a pr::,i:ierty n?t Po•~essed by 
microphones of the contact type, and the importance of which, as g1vmg an md1cation of the 

I 



114 

kind of gun firing, is obvious. It is also well damped, and records clearly a~<l distinctly 
sounds which arrive within a very short mterval of each other. While not 1~nonn/! the s~ell­
wave, it responds less to it than the gun-wave, and owi_ng to the g°'?d ~aml?mg d1fferentrntes 
between them. At first considerable trouble was experienced m sh1eldmg 1t from the wmd, 
but this was overcome by erecting brushwood o camouflage screens around the _emplacement. 

The new microphone was an immediate success. Its manufacture m quantity was under­
taken by the General Post Office, and by Septem~er, 1916, all _Sections were equipped with 
it. From the date of its introduction Sound Rangmg may be said to rank as an exact method 
9f location. 

5. Wind and Temperature Corrections. 
(a) Early Methods. 

(a) After the microphone the first question to be conside_red was _that of corrections for 
wind and temperature. It was arranged that the Meteorological Secnon (usually known by 
its telegraphic address "Meteor") should report the ~ind and tempe~.ature _at regular intervals 
during the day to all S.R. Sections. The correct~ons were applied with_ more care, and 
greatly improved the accuracy of results. It was realised ~hat th~ effect of wmd and, tempera­
ture was still uncertain, but empirical rules for calculatmg their effects were 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 on the determination of wind and temperature. corrections, and as 
a result, mainly of the able investigation of these questions by Lieut. Gray, it was decided to 
establish " Wind Sections " along the front. 

A Wind Section is a S.R. Section which has a series of microphone bases established 
on concentric semi-circles of different 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 can 
be measured in all directions in which the sound from an enemy gun is likely to travel. 
It was anticipated 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 improved the accuracy 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 similar 
results. For a period of several months the results obtained by the Wind Sections in each 
Army were compared with those furnished by Meteor in the same Army, and a large quantity 
of comparative data was thus obtained. 

The Wind Section improved Sound-Ranging locations immensely, but they had one 
great drawback. They were slow and costly to instal and very immobile. The area covered 
by an installation is about 35 square miles, and about 48,000 yards of air-line have to be 
erected. Consequently when movement began in 1918 it was out of the question to re­
establish Wind Sections that had been put out of action. 

By this time, however, the mass of information that bad been obtained made it possible 
to establish reliable rules for estimating the effective wind and temperature from the data 
,furnished by Meteor. 
. Hence, though Wind Se~tions _were e'?ployed_ for about six months only, and are not 

hkely to. be fo~ed for use ill active service ~gam, t~e re~ults that they obtained during 
that penod are mvaluable. These results consisted briefly m the establishment of the fact 
that the effective wind and temperature for sound ranging are those between the altitudes 
of 2 50 feet and 500 feet, and in providing valuable information about the behaviour of 
the sound wave. 

(c) Final Methods. 

(c) W~en Wind Sections were abandoned a sound-ranging officer and six men were attached 
I? Me~eor ill each Army. Observations were taken periodically, and from these the effec­
hve wmd and temperature were deduced and data were sent to the Sections every hour 
by telephon':. The scheme worked very sa~isfactori!y and gave good accuracy of location. 
Sonnd-Rangillg l(ersonnel was used for this purpose because the existing Meteor Staff 
could not cope with the extra work. 
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6. Regular Base. 
The advantage of having a regular base had been foreseen by Mr. Bull, who pro­

posed it to the Ser\"ice Geographique in 1915. A regular straight base was adopted by X 
Section (Capt. Lloyd Owen) in front of Armentieres in July, 1916. In November, 1916, 
W Section tried a_ regular circular base, the microphones being spaced at equal intervals 
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 idea at first met with considerable opposition, due 
in part, no doubt, to misapprehension as to the effect of local conditions on the microphones. 
It was thought for some time that small local irregularities, such as houses, banks and 
woods, would affect the microphones, and that rigid adherence to a regular base might con­
sequently entai}; disadvantages due to bad positions,. Experience proved, however, that 
this objection was ill-founded. In the first place it was nearly always possible to select 
a regular base so that all microphones were well placed; 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 the latter half of 1918 most of the Sections installed from six 
to twelve bases each. In nearly all cases a base with 4½ sees. sub-base and 35 sees. radius 
was chosen, and the occasions when difficulty ,ms found in making the microphones fall in 
suitable places were very few. Seeing tliat it is not necessary to adhere to this particular 
form of the regular base, it may be said that in open country, with no variations in height 
~reater than 200 or 300 feet, a regular base is always possible. 

The advantage of a regular ba,se is that the breaks on the 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 com­
puter may become expert in reading a particular irregular base, but when he moves to 
another irregular one he has to re-learn the characteristic appearance of the gun records 
from various directions. With a regular base a man accustomed to reading films on one 
can read them with equal ease on any other of similar form. Another advantage is that 
plotting boards can be standardised, and the time required to prepare a new board thereby 
saved. During the war plotting boards for the normal type of base were printed instead 
of being drawn by hand, and were used with great success by the Sections. 

By April, 1917, all Sections had adopted the regular base, and thereafter never used 
an irregular one if it was possible to avoid it. The circular form was almost invariably 
adopted. 

7. Methods of Plotting. 
(a) Asymptote. 

(a) The method of plotting locations found by experience to be best was that of using 
weighted threads to represent the asymptotes of the hyperbolre. In the early days cotton 
or silk threads were used, attached to pins at the mid-points of the sub-bases, but these 
threads wer'< too coarse, and were apt to stick together. Copper wire was tried, but broke 
too easily. Finally fine gut was used, and proved quite satisfactory. The gut threads 
were passed through holes at the centre points of the sub-bases (the holes having previously 
been fitted with smooth metal sockets), and were kept taut by a small weight below the 
board and kept in place by rubber-soled weights on the board. Each sub-base was given 
a colour, and the time scales and weights were coloured accordingly. A table of corrections 
was used to allow for the difference between the asymptotes and the hyperbolre, but it was 
usually only necessary to apply this for the location of bursts nearer than 1,500 yards. 

(b) Hyperbola. 
(b) Two other methods which were used or tried may be mentioned. 
In the first the hyperbolre themselves are plotted on the board. For each sub-base 

a family of hyperbola, is drawn, at time intervals differing usually by 1-10th of a second. 
The intersection is obtained by interpolating by estimation between hyperbola, 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 inferior to the asymptote 
method for several reasons. Five families of hyperbolre drawn on one board are very 
confusing to the eye, even if drawn in different colours; it takes much longer to interpolate 
between two hyperbolre than to lay a thread across a given scale division, and errors of 
interpolation are liable to occur. A hyperbola board takes a very long time to draw, and 
the labour required is out of all proportion to the results obtained. 
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(c) Anderson's Circles. 
(c) The second meti:,od is that propO;W:d by Lieut. Anderson and mentioned in paragraph 

1, In this method the microphone positions are plotted on a large scale, usually 1 / 5,000. 

Suppose that when a record is obiai~d, No. 1 microJ>h_one is _the first to_ get t~e sound. The 
instant at which No. r receives it IS taken as the ongm of time, and time circles are drawn 
round the other ,microphones. Each time circle has a _radi~s representing the distance 
travelled by sound in the interval between the reco~d of its microphone and that of No. 1. 

I{ now a circle be drawn which touches all these time c1rcles and passes through No. 1, 

its centre will be at the oriein of the sound. Lieut. Anderson had sets of circles etched on 
sheets of plate glass, on a s~ale of 1 / 5,000, and at intervals of 20 metres radius. The glass 
sheet was placed on the plotting board, and by trial and e~ror a circle was _found which 
touched the time circles and passed through No. I, Its radius then gave the distance of the 
gun from various microphones. The actual position was found by calculating, from the side 
lengths thus obtained, and the base length, the triangle formed by the two llank microphones 
and the gun position. 

This method was at first thought to possess various advantages, and it is certainly 
sound from the scientific point of view. It has, however, the serious practical disadvantage 
that it entails the cardage of a number of heavy glass plates, which have to be packed in a 
special case. These plates were of an inconvenient size for the bases used in 1916, and 
for the long modern bases of 8,000 yards or more they- would become quite unwieldy and 
unsuitable for use in the field. Expedence, moreover, showed that the method is much­
slower than the asymptote system, and that no practical advantages ensue. The circle 
method was therefore never used in the field, except for the special case of locating a shell 
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 weH be carded for this purpose. 

As in tire case of visual 
corollary to gun fixing, sinoe, 
fixed as well as that of a gun. 
out with success. 

8. Ranging. 
observation. ranging of our own guns forms an obvious. 
if the shell burst be sufficiently loud, its position can be 
Ranging of our own e:uns was therefore frequently carried 

Location of the shell burst was begun late in 1916. The subject was studied and de­
veloped, and the "differential " method was brought to a satisfactory degree of efficiency. 

Observation for ranging by sound can be done in two ways :-

(a) By ranging on the map-the direct method. 
(b) By ranging on a battery which has just fired-the differential method. 

(a) Direct Method (Map). 

(~) R_an_ging on a map-point consists in determining the position of the shell burst and 
reportmg it m the usual terms to the battery. Sound raneino- is not verv suitable for this 
method, because it is seldom that conditions are so good that a perfect intersection is obtained. 
The nature of this intersection is sufficiently_ accurate for gun fixing, and in any case can for 
that purpose be repeated and a mean obtained; but for fixing a shell-burst reliance has to be 
placed _on a single intersection, and this in general is not sufficiently accurate for the purposes 
of ranging. 

Ranging o~ the mal:' _was therefore resorted to only when visual ranging·was impossible 
and sound-ranging conditions good. 

_This combination of circ~mstance~ usually occurred in foggy weather, and not infrequently 
a~ mght, and on these occasions rangmg by sound on the map was sometimes carried out 
with success. 

~ in the case o_f visu_al observation, a great part of the problem was to get the results 
out qmckly. For thrs vanous forms of graph were used. 

(b) Differential Method. 

(b) If fire be open~d on an enemy battery which has just fired, and a sound-ranging re­
cor1 be taken o~ both :ne~y guns and th~ bursts of our own shell, the two records will be 
s~b3ect to prachcally 1denhcal atm_osphenc conditions. Errors due to these conditions wilJ 
\~fore c~ncel out, and aU that is necessary is to determine the difference between the 
s e recor and the gun record, expressed in the usual terms of yards and minutes from-
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the target, and correct lire accordingly. It is evidently unnecessary in this method to know 
exactly where the enemy battery is; it may be one that has never fired before. This "dif­
ferential" method of ranging by sound is considerably more accurate than the other and 
was frequently employed w;th great effect. ' 

To enable _the relative positions of sh':11 and target to be determined quickly from their 
reco~ds,. a special foom of graph was designed by Major Bragg, and it was later developed 
by him m a mecharucal form. 

Many c"".es occurre~ when ranging by this method was carried out most successfully. 
On one occasion, opposite Bethune, a German 8-in. howitzer which had been brought close 
up to the lin~ in 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 length of base cannot as a rule locate 
shell-bursts accurately at a greater distance Llian about 12,000 yards (i.e., about 9,000 yards 
from _the front), on account of the c?mbined effect of acute ~nte~ection and the greater errors 
expenenced at that range. A Section can, however, fix dueclion or "line" with sufficient 
accuracy up to a much greater distance. Sections were employed once in this way with 
great effect. Three Sections gave "line" for the fall of our rounds when shooting at the 
famous Courrieres gun, and the intersection of the lines, combined with some raysobtained 
by two Observation Groups, was used as the location. This ranging, at a distance oi 2 o,ooo 
yards from the front line, was eminently successful. 

(d) Ranging for Calibration. 

(d) Another form of ranging was done for purposes of calibration. Sound-ranging re­
sults 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 directly 
away from the sound-ranging base. But if it could be arranged that the guns fired across 
the front of the sound-ranging base, calibration could be done with good effect, for in this 
case the direction of the shell-burst, which could be determined accurately by sound rang­
ing, gave a line at approximately right-angles to the line of fire, and hence fixed the range 
from gun to shell-burst with sufficient accuracy. Calibration was thus done on many occa­
sions, but sound ranging is not really suitable for this class of work, and 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 calibre 

of the 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 shell, the exact posi-· 
tion of each and the time interval having been determined by sound ranging. 

It has been mentioned that a great advantage of the Tucker microphone is that it as 
a rule responds to the same sound in the same way and so produces "characteristic brea~s" 
on the film. The shape and size of these breaks depend largely on the form of the contamer 
in which the microphone is fixed. It was hoped to design a container which would mak~ the 
breaks so distinctive that it would be possible to determine the nature of any gun or howitzer 
recorded,' and careful experiments were made on Salisbury Plain with this_ end _in view. A 
distinct relation was established between certain types of break and certam cahbres, but so 
far it has not been found possible to do more than determine broadly from the break to what 
class of ordnance the gun or howitzer belongs. . 

Sound ranging is, however, from the other evidence which it provides, the most rehab le 
source of information on the calibre of enemy guns. 

10. Recording Apparatus. 
(a) Bull. 

(a) The recording apparatus used by the British Army owes its design entirely to Mr. 
Bull. It includes an Einthoven six-string galvanometer, a lantern, time wheel with tuning 
fork, a cinema lantern, and various relays and resistances. 
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Each string of the galvanometer is conne~ted to :' microphone. When a. soun_d wave 
reaches a microphone the electrical balance ,s upset m the manner already described m para­
graph 4, and a current passes through the corr~sponding wire in the galvanometer, and thu• 
causes the wire to move. The shadows of the six wires are thrown by the lantern. on to a 
cinema film, and so long as the wires ar_e stationa~y these ~dows are reproduce~ on the 
moving _film as a straight line. When a wire moves its shadow 1s broken or sharply ~!Splaced. 
The time wheel revoking in front of the lantern, and controlled m rate by the tumng fork, 
produces on the film a series of cros~ lines, which represent time intervals. T~e film thus 
provides a complete record of the time at which any sound wa~e reaches each microphone. 

In order to read the film it has to be developed. In the earhest form of apparatus a dark 
room adjoining the instrument room, was provided for this purpose in the special lorry. The 
came~a was fixed close to the wall and the film was passed into the dark room through a 
light-proof door. 

In the autumn of 1917 and afterwards, bromide paper was used instead of film. It 
proved equally good for practical purposes, took less time to develop,_and cost about one-half 
the price of film. 

The photographic record, though practically perfect for the purposes of accurate 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 tried with 
various kinds of developer at varying temperatures, and in. 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 it into the bath, and to get over this an automatic developer was designed, which 
will be described later. 

The apparatus for the first twenty Sections, with a number of spares, was made under 
Mr. Bull's superintendence at the Institut Marey. At first it was designed to go in the special 
lorry, but when this was abolished it was carried in a case, and erected on a strong base­
board when required for action. 

(b) C.S.I. Company. 

(b) Partly in order to be independent of foreign manufacture, and partly to quicken pro 
duction, the order for later sets was given to the Cambridge Scientific Instrument Company. 
The Company was provided with complete working drawings and Mr. Bull visited them 
before they began manufacture. The Cambridge Company spared no pains in the construction 
of the apparatus and introduced various slight modifications in the design, some of which 
were undoubtedly improvements in the direction of making it more robust ; but it must be 
udmitted, in justice to th_e excellence of the design and workmanship of the original apparatus 
made 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. 
Dutour. I( was_ taken up by us, and apparatus on the lines suggested was constructed, with 
van?us mod1ficat1ons: in the S.R. workshop. It was found impracticable to develop film auto­
matically, b~t bromide paper. solved the difficulty, as its development is so much more rapid. 
The ~uto~hc developer was mtroduced towards the end of 1917, and nearly all the Sections 
used 1t dunng 1913. · 

In this apparatus the paper is passed direct from the camera through the necessarv baths 
and appears developed and fixed without anv check in its movement. · 

At fir7t the apparatus gave a great deal of trouble, and to the end of the war it was not 
wholly satisfactory; but there is no doubt that automatic development is a necessity as 
development ?Y hand_ cannot ke~p pace with a rush of records on a busy day, and there sh~uld 
be no great difficulty m overcom,?g the mechanical troubles and developing a satisfactory type. 

11. Conferences and Technical Papers. 
. Sound rangjng being a highly technical service in which new methods were constantly 

bemg proposed, '~ was arra!'ged that sound ranging officers should meet periodically to confer 
:"'d d,sc_uss t;chmcal questions. The first of these conferences was held bv officers command­
~gd Sec!J~ns m J"!'uary, 1917, at Arm;ntier.;s. They were held at regular intervals after that, 
. at a ater period officers commandmg Field Survey Battalions made a practice of attend­ing. 
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These conferences were of. grea~ value in increasing the efficiency of the Section,. The 
officers !'ad an opportunity of d1scussm~ among th~mselves the results they had obtained and 
the devices they had. found useful. S1~ce the science of sound ranging was of such recent 
developme_nt, all Sect1?ns had been_ work1_ng more or less in the dark, and knew little of what 
oth~~ Sections had achieved. The 1mmed1ate effect of the conferences was to stimulate com­
petI!Ion. 

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 
discussions, and criticisms on any technical subjects. ' 

(•) Sound ranging circulars, which were issued by G. H.Q. and contained definite 
instructions, laid down principles for guidance, and issued orders. 

Technical papers previously issued often formed the subject of discussion at 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 coo 
yards in length, at a distance of from 3,000 to 5,000 yards from the front line; that is to 
say, just behind the area where our active field batteries were placed. The bases were nearly 
always arcs of circles of 35 sees. radius (i.e., the distance traversed by sound in 35 seconds, 
or about u,800 metres), with microphones equally spaced at 4½ sees. interval.· S. u 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 such that a gun report would reach them at least 2 seconds before reach­
ing the nearest microphone. This meant about 1 ,ooo yards in front of the base if two posts 
were used, or more if there was only one post. 

Headquarters were placed as near as possible to the centre of the base, but as the accom­
modation for an apparatus room, computing room, 4 officers and about 60 men was not 
always easy to find, it was often necessary to locate them at some little distance. Occa­
sionally advanced headquarters were established near the base, with rear headquarters for 
transport and men who were resting. 

Forward observers were equipped with maps, good field glasses, and stop-watches. An 
important part of the forward observer's duty was to establish the connection between a gun 
that was firing and the area that was being shelled, and it was, consequently, necessary for 
him to be able to examir.e the country in rear. 

There were 10 forward obsen·ers in a Section, and if, as was usually the case, there were 
two posts, this number was none too great to allow for the necessary reliefs, cooking, casual­
ties, etc. 

At the headquarters there was, besides the sound-rangmg apparatus and plotting board 
already described, a petrol electric set for charging accumulators, a full equipment of draw­
ing instruments, and the usual equipment for linemen. The charging set adopted as standard 
was constructed by the Austin Motor Co., Ltd. The engine was a 1½ h.p. single cylinder, and 
the dynamo gave 700 watts. · 

The normal a,·erage consumption of paper or film for recording purposes was, per Sec­
tion. about 40 rolls, or 15,000 feet, a month; say 500 feet a day. 

A section required about _,o miles of cable for its installation. Metallic circujts were 
always used. An attempt was made to use earth returns, but it was found that this could 
not be done with our apparatus without introducing vadous troubles, so that this method 
was not continued. 

When stationary the work of a Section consisted of locating batteries, observing for 
rangin!( or calibration, patrolling the lines, keeping apparatus in order, making reports, etc. 
An estimate was always given of the accuracy of a locat~on! in_ the same way as ~as_ been 
described in the case of flash-spotting locations, by class1fymg 1t as P, Q, or R (w1thm 50, 

roe, or 150, later increasecl to 200 yds.). This, as explained in Chapter II., impliecl a 
reasonahle "t1arantee that the location was within the limits of error indicated. 

The O~C. bad the general controlling and administrative work to do; one officer was 
usually in charge of the instruments; the Advanced Post Officer superintended the work of the 
forward observers and linemen. 
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13. Sound Ranging Sections in Battle. 
The experiences of the Sound-Rangini; Sections in the ea~lie~ dars w".re limited m~inly 

to overcoming technical difficulties and learning the work of a_ Sectl?n in fixing iiun pos1tlo~s­
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 battle. This Section got into action three week~ be~ore the offe~s1ve be~an, and 
located a number of batteries. R Section, the only other in this area, got into action after 
rst July, and the noise of the battle prevented all work. S Section m_ade severa! attei:npts to 
get into action during the autumn of 1916, when the Somme fighting was still_ going on. 
The upkeep of the Jines was immensely difficult, because the strength of the Section was so 
small, but a number of locations was obtained. 

(b) Arras and Messlnes Battles. 
(b) In the Arras and Messines battles the organisation of the Sound-Ranging Sections 

was severely tested. So far sound ranging had_ developed en!irely on tre,:,ch _w~rfare lines. 
The installation of a Section was very slow, and 1t was not considered excessive 1f 1t took three 
weeks to come into action. Methods were in vogue that were quite unsuitable for active 
operations; for example, it was the custom to use air-lines to the microphones. Air-line has 
a low resistance, good insulation, and is not meddled with by other units; but it takes a loni1 
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 which could 
stand against the shell-fire and the traffic of a battle was to use cable lying on the ground, 
and also that a Section must be prepared to Jay its own lines. The Signal Service are too 
busy in an action, and if a Section depends on them for laying lines delay is bound to ensue. 
For the same reason the Sections 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 could be laid quickly by the men of the Section, and that it was 
quite possible to maintain it. Enquiries were, consequently, made for a cable of good insu­
lation and low resistance, and in April, 1917, a supply of S.II cable was allotted by the 
Signal Service for sound ranging. The 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 Passchendaele Ridge were an 
absolute failure, partly owing to ine~perience, but mainly to adverse conditions. 

The Secbion operating just north of Ypres had only come into action a few weeks before 
the attack, and so had not even the advantage of local knowledge. The wind for three months 
was steadily in the west, the ground was covered with shell holes full of water and crossed 
in all directions by traffic, all lines were under heavy fire and it was exceedingly hard to find 
headquarters. . In addition_ to th\s the greatest Ji_fficulty was found in surveying bases owing 
to the destruchon of all tng. pomts. The expenences of the Passchendaele battle did a 
great deal to discredit the capabilities of sound ranging [n a battle. · 

14. Sound Ranging Sections in Mobile Warfare. 
The distinction between the operation of S.R. Sections in the battles mentioned above 

a':'d in semi-mo"'!le or mobile warfare may not appear to be cl~arly marked, but there is a 
rnfferenoe. Until 1918 attacks were confined in area. It was possible to concentrate on 
those Sections that were engaged and supplement them; and as a rule all that was asked of 
them was establishment in a new position where they were likely to remain for some time. 
But the m':ment that movement became more or less rapid and general it was found that the 
S.R: Section tha! was not self-contained and mobile could not be con&idered completely 
efficient, whet~':' it was merely a matter of moving, as in a retreat, or a question of taking 
up a new position. 

The questi?n of mobility was studied on the southern part of our front with great care 
after the expenences of the Somme battle. Arrangements in the 4th F.S.B., made on the 
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Corps principle, failed on ~ccount of lack of transport and of indifference or negligence on 
the part of Corps. Those m 3rd F.S.B., 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 allowed to materialise by the higher command. This was the 
first ocasion on which real ':Ilobility_ was attained by a S.R. ~ection. H. Section (Capt. Ash), 
of the 3rd F.S.B., then got mto acl'lon 56 hours after zero, m 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 training in mobile methods given at the courses held for that 
purpose. Special mention should also be made of the 5th F.S.B., who prior to the final 
offensive of 8th August made complete dispositions for following up the attack and caniied 
them out Wlith great ability. ' 

The following remarks deal with the period when movement became more or less 
general, and practically all Sections were affected. 

(a) Retreat In 1918. 
(a) In the German attack in 1918 the retreat of the Fifth Army was too fast and con­

tnnuous to offer any possibility of getting anto action after leaving the Bases which had been 
occupied. All important instruments and documents were got away safely, and little informa­
tion of any value was left to fall into German hands, but a good many stores had to be 
abandoned. Together Wlith the Observation Groups, Sections formed a considerable part of 
"'Carey's Force" in front of Amiens, and suffered severe casualties. 

In the Third Army area, where movement was less rapid, Sections were withdrawn during 
the German offensive, but came into action again directly the line steadied. 

In the interval, Sections from both Armies were sent back to G.H.Q. to get reinforcements 
and fresh equioment, 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 Sections had been carryting too many stores and had gone in for far too many 
"gadgets," which caused confusion and delay both in getting out of, and into, action. 

It was partly due to having learnt the above lesson and partly to the presence of reserve 
Sections that moves were made with such efficiency on the Yores Salient during the German 
offensive of April. In one case a Section was only out of action for 5 hours, whilst shifting 
backwards 7,000 yards from a forward position to a base which had been prepared and wired 
up for it behind. In another 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 
and packed for the move. In a third case a Section was again in action in less than 48 
hours. 

(b) Final Advance. 

(b) By the time that our counter-offensive started a great deal of experience in various 
degrees of movement had been gathered. Prior to the be!lll'ning. of the . attack, however;, 
opinions varied as to whether sound ranging could be earned out m such !Imes. 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 entrenched line. · The questi?n was complicated 
bv the transfer of tactical control to the G.O.C., R.A. of the Army, which resulted m many 
different opinions. . • . . . 

These divergencies of thought led to three soluhons, which were tned at vanous times, 
hut which mav be condemned at once :-

(i) To call in all Sections and park them in a central place. 
To do this implies long and unnecessary marches, both iJ? the concentration 

and in the getting into action again, and offers no correspondmg advantages . . 

. (ii) To leave Sound Rangling Sections behind and to move them up after the line 
had stiffened. 

This means delay again, By the time Section~ had go~ into a~tion i:noveme~t 
was probably just commencing, and the valuable mformat1on which might ha e 
been got in the first. day or two was lost. . 

(iii) To use part of the personnel of one Section to rennforce another Sect10n or 
Group. 

It was found that a Section once split up loses its identity and suffers much 
when it is reassembled. 
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In the final advance the experience was as follows:- . 
In the northern half of the front the consecutive large German withdrawal~ made i:ound 

ranging next to impossible. It was difficult to get up even the bulk of heavy_ art1ller~ qmckl~, 
and there was insufficient transport to tackle the mo-:ement of _Sound ~angmg Sec~mkns unlldl 
some time after the line had steadied. Some sectio_ns_ got mto action very qmc ly an 
efficientlv. however, when they eventually r.eceived perm~ss1on t'? advance. , 

At ihe South end of the fine conditions were more mterestmg and pr_ov1ded more useful 
lessons. The experience of the battle of Cambrai w3:s. confirmed, a.nd it was prove? that 
Sections could be in action 4s hours or less after rece1vmg ?rders to move, and that, hke the 
Groups, they are real tacbical units capable of accompanying the m_ovements of any large 
Army, and able to come into action whenever counter battery work IS called for. 

The above is only true, however, when-

(,) The officer in immediate tac~ical contr?l (i~ the pas~ the O.C.,_ Field 
Survey Battalion, or the O.C., Arlillery Secti~n) JS clos~ly m touc~ with the 
tactical situation, and can gauge accurately the time at which to put m the S.R. 
Section. 

(2) Sufficient transport is available for the stores, men and cable. 
(3) The Section is entirely self-sufficient, and can survey its own base and 

construct its own lines. 

During the advance of the Third 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 artiJJeries take part is 
assured. 

The first advance was made in front of Amiens and proved a triumph for the Field 
Survey Battalion. German batteries had been moved back some eight days before owing 
to a minor Australian attack. The weather in the interval was misty, but favourable for 

sound ranging, and the Sections obtained a number of locations unconfirmed by any other 
source of information. These were engaged by our batteries on the day of the attack, and 
an examination of the ground afterwards showed how effective in every case the counter 
battery work had been. 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 action in a third 
position five days after the first attack. 

This was the first time that anything like this had been done on a large scale, and it 
was repeated many times in the ensuing months. It was found that in this kind of warfare, 
where the retre~tin!) enemy put up a fight on one line after another, Sections could always 
~e got mto action m less time than it took to bring up heavy batteries and sufficient ammuni­
!10n to make the next attack, and the number of results obtained amply repaid the work 
mvolved. 

(a) Technical. 
15. Training. 

Officers.-The course of instructi~n given by the Sound-Ranging School in the latter 
part of the war lasted 17 days. A fair standard of mathematical and electrical knowledge 
was ass?med, and was usually posse~sed by thos~ who went through the courses. The bulk 
of th~ !Im~ was ~evoted to film readmg, as thJS 1s always the most difficult thing to pick up. 
Practical mstruchon went on concurrently with theoretical, and at the end an exainination 
was held. 

Th~ following is an abstract of the syllabus, full details of which wiJJ be found in 
Appendix IV. :-

Object of sound ranging, history, etc. 
Method of working. 
Correcti~ns required (asymptote, wind, temperature). 
Calculation of formula, for corrections 
Times of flight. · 
Film reading. 
Shell-wave, Bertrand's graphs, etc. 
Types of break on films. 
Accuracy of location. 
Ranging. 
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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. 

Computers.-The course lasted a fortnight, and the syllabus was similar to that of the 
officers' course. The subjects were treated in a more elementary manner and less time was 
devoted_ to the in~trument. "A~tion pract_ice, ''. or practice in quickly applying corrections 
and laymg out stnngs when a senes of readmgs 1s called out, was carried out daily. 

Sound-Ranging Operators (formerly called instrument repairers) were trained in the 
workshop. They were taught elementary ideas of electricity, the corrections and the details 
of the Sound-ranging apparatus, likely faults and how to repair them, stringing of harps, 
care of accumulators, _etc. At the end of the _course tests were given. The class of men 
taught usually knew little or nothmg of electncal apparatus or of scientific instruments 
many haYing been employed in watch making or similar work, and the course had to be de'. 
signed to suit such men. 

Forward Observers,----;-The course lasted for a week, since an observer's real training 
must, by the nature of his work, be done at the front. The course was mainly selective 
in character, and aimed at discovering men who were naturally quick and observant, train­
ing them in map reading, cable laying and repairing, the recognition of the various types 
~f hostile ~rtillery from the report of the gun, the noise made by the shell, and so on, with 
e,ementary ideas on the subject of the shell-wave. 

(b) Mobility. 

. (b).The experience during the retreat of t_he spring of 1918 showed that Sound-Rang­
mg Sect10ns were not, geneca.lly speakmg, mobile enough, and lacked the organisation neces­
sary 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 on a new base. It aimed at giving N.C.O. 's and men practice in 
carrying out intelligently and quickly the wishes of the O.C., rather than at laying down 
a hard-and-fast routine; but it must not be forgotten that a certain amount of standardised 
routine in matters of detail is an essential point of good organisation, and should always be 
followed. 

Sections in turn were brought down to St. J osse for rest, and during that time the line. 
men and observers were trained in line laying, the construction of pole crossings, buries 
etc., and particularly in map reading and in the laying of a line to a certain point and by 
the route marked on the map. The N.C.O. 's of the Section were trained in choosing suit­
able routes for cables and in taking charge of parties of linemen, who had to lay a series 
of cables rapidly to given points. The computers were trained in calculating the co-ordinates 
of the microphones, being given a map with the base marked on it and the co-ordinates of 
the flank microphones, and in putting the appropriate grid on a standard plotting board. 
':'he sound-ranging operators were trained in putting up and taking down the apparatus 
quickly, stress being laid on the preparation of proper connections beforehand. 

At the end of a course a test was held. The Section was given a complete set of 
stores, a headquarters, transport and cable. A full-sized microphone base was m~rked on 
the map, and the Section had to bring up its stores and men to the headquarters, mstal the 
'instrument, lay out cable to the microphone positions, construct the empl_acement, and get 
a record showing all the microphones 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 improvements might have heen made. It was found that the 
Sections derived considerable benefit from the course, since each man learnt to know what 
nis particular work was in the case of a move. The results were surprisin&, as _some 
Sections carried out these operations (which included the whole process of mstallm!f a 
Section, except the Survey) in five hours from the time of sta~ting, and the average t1~e 
taken was under nine hours. It is interesting to compare this with the ten days or so w~1ch 
had usually been found necessary for the erection of lines at the front when the Sections 
depended on outside help. 
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(c) Survey. • • . . 

( ) I had been found that one of the main sources of delay m mstallmg a Sect10n 
~ ! · d for the survey of the base and it became evident that if sound ranging 

"as t e t,me_ reqtmrbee of value in mobile operation it was essential to have at least one officer 
were ever gomg O w· h h' d ' ' in each Section capable of carrying out the sur".'ey. 1t t 1s en m view comses were 
<tarted at the Depot in May, 191&, under a tramed survey officer .. Each_ course l~sted a 
~,onth, and five courses were given in all, ~ total. of 37 officers bem~ _trame?· With the 
material available, nearly all the officers bem_g fairly good mathematicians, 1t was fo':'nd 
that a course of this length was enoug~ to give them. a thorough grasp '?f the theoretical 
principles and a good knowledge of_ the mstrument, while subsequent practice enab_led. them 
to lav out a sound-ranging base qmcklt and accurately. The fact that at t~e begmnmg of 
the advance in August nearly all S_ect1ons had an officer capable of surveymg a base was 
of the greatest value in the operations that followed. 

16. Research. 
Experiment and research were ~arried out during the _war mainly ~y W Section, by the 

Experimental Section, Salisbury Plam, and by the Experunental Section, G.H.Q. Valu­
able work was also done in certain special directions by the General Post Office, the Muni­
tions Inventions' Department, and the Si{,;nals Experimental Establishment. 

(a) W Section. 
(a) On W Section, as already mentioned, fell the burden of all early investigation and 

experiment. It was in this Section, in its cramped and inconvenient quarters on the slopes 
of Mt. Kemme!, that the problem of the microphone was attacked and the Tucker micro­
phone invented, al\.d it was here tha_t all the ~rst investigations :,vere ~ade into t_he ef!ect of 
wind and temperature, and the vanous practical problems considered m connection with the 
work of a Section in the field. 

(b) Experimental Section, Salisbury Plaln. 

{b) Th,e Experimental Section on Salisbury Plain, which started work 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 standardisation of the container, the elucidation of the wind and tempera­
ture effects, the investigation of the accuracy of Sound-Ranging locations, and the develop­
ment of ranging our own guns by sound. 

The Section had considerable difficulty in getting results for the fiTSt few months, owing 
to errors 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 
thoroughly, and led to the establishment of Wind Sections. In addition, the Section was 
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 experiments on the sire and shape of the microphone container, which had valu­
able results in establishing a standard pattern. 

(c) Experimental Section, G.H.Q . 

. (c) The Experi~ental ~ection, G.H.Q., continued investigations of various questions, 
mamly conne_cte? with practical. details of apparatus. _ 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 
t~e work of the Sound-Ranging Sections, and the most valuable advice and assistance were 
give_n, under !~e direction of the Chief Engineer, Mr. Preece, by his assistant, Mr. Pollock. 
!3esides organ~mg th~ construction of the Tucker microphone in quantity, they made various 
Improveme~ts m details. T!'ey also conducted a series of experiments on the construction 
of a recordmg apparatus which would avoid the necessity for photographic development, 
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while· preserving the other advantages of the Bull system. These experiments did not, 
however, succeed in producing an~ thing which could replace the Bull apparatus, 
(e)M.I.D. 

(e) In_ the Munition~ Inventions Departmen(, Mr. Irwin (who was associated with Lieut. 

Anderso? m the pr~duction ?£ the ~nderson-Irw1~ Sound-Ranging apparatus) carried out a 
long senes of expenments w1t_h a view t~ producing a satisfactory pen-recording apparatus. 

A good pen-recorder was designed, hut 1t was not considered that it could compete advan­

tage:ously with ~he photographic recor~, _though it _would probably have been most suitable for 
sections for fixmg trench mortar positions had 1t been possible to form these. 

(f) Wlreleu Tran1111lss!on and Earth Tremors. 

(f) Th_e ~ignals Experiment_al Section carried out ~xperiments _in the application of wire­
less t_ransm1ss10n to Sound Ranging, an_d various mvestl(lators 1ons1dered the question of gun 

location by earth tremors. These subjects are dealt with m the two following paragraphs. 

1 7. Application of Wireless Transmission. 

For so~e months in 1917 expe~ent_s were carried out with a view to determining 

whether the impulse from the recording nucrophone could not be transmitted to the register­

ing apparatus ~y wireless in sue~ a manner '.'s would ena~le it to be used for sound ranging. 

Were that possible the construction and mamten~ce of Imes would be comparatively trivial, 

and much time would be saved. Unfortunately 1t turned out that wireless is still unable to 
solve the problem without large and cumbersome installations at each microphone and 

other disadvantages. Probably wireless will one day replace cable, but it is not able to at 

the moment. The Signals Officers who investigated the problem did verv valuable and 

efficient work, however, and succeeded in producing a system of the relay tj·pe. When the 

gun affected the microphone a "trigger" valve was set in osciUation, and this affected a relay 

valve at headquarters, and set up a vibratory current in one of the Einthoven strings. Apart 

from the drawbacks of the size and weight of the installations at each post and the staff neces­

sary to maintain them,· the method 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 im­

possible to work with such records at the front, as it is most important to have a system which 

produces a record to some extent char•rteristic of the sound. The work of the Signals Ex­

perimental Section is a step towards aclueving practicaJ sound ranging by wireless, but in 

the present state of our knowledge the difficulties would seem to be great. The best policy 

would be to watch carefully the development of wireless telephony, as the problems are simi­

lar, and any great advance in wireless telephony could be immediately applied to sound 

ranging. 

18. Location of Wire Tremors. 

The possibility of locating sounds 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 

Germans have tried the method, but all would seeni to haYe arrived at the conclusion that 

it is not possible to locate a gun by this means. Owing to the fact that the shock of recoil 

on the discharge of a gun is taken up in the' mounting and not communicated directly to 

the ground, the shock given to the ground is not sufficiently strong to be distinguished at 

9,000 yards from other earth tremors. The Germ~ns state (in~ document found at Wahn) 
that they had some success with trench mortars, bemg able to pick these up at 2,000 yards 

distance. All agree in saying that the burst of a shell in the ground can be distinguished at 

a great distance, and the Fre_nch tr!ed during the w~r to r_an~e guns in this wa ~. It is al'.°o~t 
certain that a method for domg th1S could be devised, 1f 1t were worth domg. This ,s 

rather questionable, for the method would only be capable of comparative results; that is 
to sav, it could only enable ranging to be carried on if the first burst had been located by 

some· other means, for the variations in the speed of sound in the ground preclude an abso­

lute method. 
Correspondence on this subject will be found in a file, " Seismic Method of Sound 

Ranging," m M.l.4, War Office. 
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SECTION UI.-DEDUCTIONS. 

1. Chief Lessons. 
The chief lessons on the subject of Sound Ranging to be iearnt from the experience of 

the war are as follows :-
(1) The organisation a1:d training must be such as will. fit Se;tions for _the greater 

difficulties of mobile operations r"ther than for the lesser difficulties of stat10nary war-

fare. 
(•) For this purpose adequate personnel and transport must be provided. 

(J) The tactical handling must be efficient. 

2. Organisation and Training. 
A Sound-Ranging Section must be independent ?f outsid_e help._ It must contain wit~in 

itself the knowledge and the appliances nece~sary to its work m all Clr;ums~ances. . It~ train­
ing must therefore inolude, besides the techmcal work of sound ra.ngmg! instruction m sur­
vey and the erection and maintenanc_e _of lines. It mus! be pra1;tised m_ team work and 
mobility, and learn to combine rapidity of movement with techmcal efficiency. 

3. Personnel and Transport. 
The personnel and transport req_uired have alr~ady i:,een d~alt with in Section I. If 

sound ranging _is to be efficient, the mistake of ~tarvi!1g this _service ,must not be repeat~d. 
Repeated instances could be given of the way m which Sections were prevented from bemg 
of full utility owing to this continued shortage. For example, there were never mor~ than 
five linemen on the establishment. These men were supposed to lay from 30 to 40 miles of 
cable, weighing five, tons, ma!ntain it, reel it UP_, march forward ~nd lay it again every few 
days during an advance. Agam, the transport aliowed for a Section (a lorry, box-car and 
light car) proved quite inadequate for mobile warfare, but even this amount was not avail­
able, became 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 Suund Ranging were never properly appreciated until the advance of 

1918 showed what could be done under good tactical management. Instances have been 
given, in Section II., 14, of tactical mishandling. This was due to several causes. There 
was, in the first place, much ignorance of the capabilities in movement of a S.R. Section, 
an ignorance by no means confined to those outside the Field Survey Battalions. It was not 
until the combined effect of experience irl movement at the front and courses in mobility at 
G.H.Q. showed· what Sections could do with proper organisation and attention to details 
that it was realised that a S.R. Section is perfectly capable of taking part in movement at 
least as quickly as heavy artillery. Another cause· of bad tactics. was that until late in the 
war the control was too far in 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 re­
spect when Artillery Section Commanders were appointed, but these were only a compromise 
for the real need, which was a Technical Commander with each Corps. This did not 
eventuate during the wair, 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 future) an Artillery officer, 
and closely in touch with the Artillery situation, there should be no duiiculty in ensuring that 
the Groups and Sections are always in their propeT place in a forward movement; that is 
to say, weH to the front, in a position to secure the earliest information possible. 

The old idea that obtained for some time during the period of stationary warfare that a 
Sound-Rani,;ing Section was a territorial unit and should serve an area rathe,r than a foema­
tion was of course exploded long before the end of the war. It is mentioned here as a 
matter of historic•! interest.. The needs of mobile warfare, and the great importance of the 
personal element m conducmg to confidence, far outweigh the slight loss of efficiency which 
may occur after a move and before the Section learns the local conditions. A S.R. Section 
must serve a particular formation and move with it wherever it goes. 



5. Selection of Officers. 
. I!' the early days of Soun~-Ranging officers _were selected from those with the highest 

sc1ent1fic and mat~em~tlcal attamment?, !'°d !he idea has obtained generally that all sound 
rangers ,mu_st be scie~t~c experts. ThlS idea 1s wron_g. A large proportion of pure scientists 
was useful m_ the begm~mg, but now that Sound ~angmg has reached the practical stage, and 
~as to take 1t_s place with other weapons of war m the field, the practical side, the organisa­
t10n, the efficiency of th: apparatus, the care of the_ men and transport are all as important 
~s a_ know)edg,e of phys1_cs. On the other hand, 1t )S equally wro~g to say that Sound Rang­
mg 1s as stmple as workmg a field gun, and that science 1s requ1red 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 got at least one officer who is a first-class computer will never get the 
best results. The diff~renoe between a good and medium computer is enormous. The one 
will tackle records as they come in and get location after location from them, while the other, 
with exactly the same records, will not be able to work out a single battery. It was found 
in the war that a man who had a first-class scientific education and had passed through the 
Sound-Ranging School required at least six months' experience before he could be con­
sidered complete! y efficient as a computer. The difficulty does not lies 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 any science--namely, the power of getting 
quickly the best results from a series of imperfect observations and of estimating honestly the 
error of the final result. The computing work is the most specialised part of Sound Ranging, 
and to be successful must be done by the right type of man. But so Jong as he has the requi­
site qualities ,here is no occasion for him to be a mere laboratory scientist. The experience 
of this war has shown that many men with the highest scientific attainments are as keenly alive 
as anyone to the practical side of things. 

The officer commanding should be a good practical organiser a:1d director, his scientific 
knowledge being of secondary importance. 

One offioer in the Section should he competent to look after all electrical apparatus, 
while the fourth must be able to superintend the work 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 sav, all officers must be interested in the work. However practical and 
able it would be a"bsurd to have officers in a S.R. Section to whom science is abhorrent. 
·Gen~raUy speaking, the type of man required is the electrical engineer with a taste for, 
and some knowledge of, physics. The ideal Section would be composed of such men, one of 
whom was an expert physicist and experimenter. . . . . 

No mention has been made of Artillery knowledge, as 1t 1S assumed that m future this 
will be possessed. It is, of course, essential. 

6. Technical Development. 
Generally speaking, the technical methods e!"ployed. ~t the end_ o_f the war were satis­

factory. They were the result of intensive practical expenence and 1t 1S not e~sy to _see how 
to make many improvements in the accuracy of results, the method _o~ gettmg wmd and 
temperature corrections, ease of reading the re!'ords, or speed of o?tammg ~e record and 

Jotting the result. The apparatus has been ,mproved ~o such a pitch that 1t c?uld hardly 
be made more efficient. The results obtained by a Sechon depended almost enttrely on the 
skill of the officers who computed. 

(a) Recording Apparatus. 
(a) With regard to the Bull apparatus, as there is no fina]ity in anythin~ it wo~ld be 

absurd to suppose that nothing better will ever be devis~d. ~t as, however, I d1fcur 1~f :~e 
resent state of knowledge to imagine an apparatus :"h1ch wi_ll more comp ete v . u e 

functions required. The impulse of the sound-wave 1s tra~sm1Hed to the record without _th~ 
intervention of any mov:ing part, and ot cannot be easy to 1mprov7 on that: 1he o~e obJecd 

_tion to th~ apparatus.;;i:stna~et~;g:t~~ ~~~ !e~~ab~u;e;;~~ne:s }~0 ; a;f t 5~,[;'
0

: 0 

is expensJve. Brom1 d b ~ Section in a normal day (500 feet) cost nearly :30s. It wo?ld t;:t th=Jv~~~::l~~et~e cou\d be reduced, as there would _then be n: ohject10_n t?, runnm~ 
the a:;'pparatus continuously, as is done bY the French Sechons. If a pen readmg appara 
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tus could be devised which was in no way inferior to the Bull apparatus it would have this 
advantage of economy. So far, in spite of several attempts by competent tinvestigators, no 
such apparatus has been produced; and in view of the ":markable efficiency of t~e existing 
method, and the comparatively small advantage _to be gamed by any change, 1t is doubtful 
whether it would be justifiable to expend much time and energy on the problem. It ns 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 microphone is that it requires a very low resis­

tance (250 ohms for each circuit) and that thns necessitates the use of a heavy cable. The 
S. 11 cable which was used weighs about 5 tons for the 30 miles required by a Section. If 
it were possible to use a cable of higher resistance the weight could be reduced to one-third 
or one-quarter of this amount, which would mean a reduc1ion. of linemen and of transport, 
both most important considerations. Future experiment should therefore- be directed to im­
proving the Tucker or deviising a new form of microphone which will give equally good 
results ana 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.11 cable have stood 
the test of use at the front in every conceivable circumstance, and hence that they should not 
be replaced by anything that does not prove it self superior under equally severe tests. 

(c) Automatic Developer. 

(c) A satisfactory and fool-proof automatic ·developer should be designed. This should 
not offer great difficulty. 

(d) AppUcatlon of Wireless. 

. . (~) The development of wireless telephony should, be carefully watched, as the problem 
1s s1miiar to that of sound ranging, and further experiments in the application of wireless 
transmission to sound ranging should be made whenever an advance in wireless telephony 
holds out some prospect of success. 



CHAPTER 4. 

CO-ORDINATION. 

SECTION I.-THE COMPILATION SECTION. 

1. Early History in Third Army. 
. The Compilation Section had its origin in the 3rd Field Survey Battalion. It was due 

mamly to the efforts of Lt;-Col. (t_hen Major) 'Yinterbotham that the problem was correctly 
apprehended and tackled m the nght way, while the sympathetic attitude of the Third 
Army Staff contributed to the excellent co-ordination of effort and to the g,reat success which 
the Compilation Section had in this Army. 

(a) Origin. 

(a) Before the formation of the Artillery Survey Detachment in October, , 915, a good 
deal of thought was given in the Thiird Army to the use which should be made of the results 
and locations which it was hoped to obtain. 

:Whil~ i_t was anticip~ted that there would be little ~ifficulty in arranging survey posts 
and m trammg the staff, 1t was felt that the problem lay m the proper collation of all results, 
i.e., air photographs, R.F.C. reports, Corps Intelligence summaries, R.A. observation 
reports, as well as such locations and reports as might result from the work of the Artillery 
Survey Detachment. 

Information concerning the movements and organisation of the enemy had always been 
dealt 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 General Staff. 
These lists differing widely from each other, and in no case getting very dose to the truth, 
had resulted in a distrust of any and all lists, and a reliance on the necessarily crude and 
insufficient knowledge of the gunner concerned. To compare, to sift, and to analyse· into a 
really reliable list was therefore regarded as the function of the central office of the Artillery 
Survey Detachment. 

For some· time this work was carried out by two specially chosen N.C.O.'s under the 
personal supervision of the O.C. Topographical Section, but the work grew so qwckly and 
assumed such dimensions that a special section called "The Compilation Section" was started 
in December, r9r5. 

(b) First Compilation Section. 

(b) In each Army Staff a special officer was allowed for the study of air phoiographs, 
and the officer chosen for the work in the Third Army, Lieut. Goldsmith, was attached to 
the 3rd Topographical Section. His duties were defined in the following terms:-

" To extract from reports and summaries all evidence as to position, whether of 
batteries, dumps, observation posts, railways, earthworks, obstacles, etc. To file 
the same in a logical and handy wav for reference. 

"To study the interpretation of air photograpt,s, and to that end the system and 
type of enemy works. . 

"To issue the Intelligence Summanes of the Survey Posts and to provide them with 
lists of points to be cleared up." 

(c) Enemy Organisation. 

(c) Whilst the General Staff (J ntelligence) was and is responsible for, info"?ation con­
ce.rning the strength and disposition of the enemy, a mass of topographical evidence con-
nected with this subject has to he plotted aocurately on the map. . . . 

In the first new and good large scale maps the enemy's tracks, hght railways, machme­
gun emplacements, etc., appeared on the trench plates. The bulk o~ the air photograph 
work was done by the Topographical Section or its descendants, the F1ekl Survey Company 

K 
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· f doubt being referred to the General Staff (Intel-
and Field Survey Battahon, cases o 

ligenceTh).e Compilation Section dealt therefore with all those c'.'ses of air photograph inter-
. h b tt location A skilled topographer 

pretation which affected maps as well as wit a ery · 

plotttt ~1t~~:io°J' t:r;a;~16) photographs _were beginning to come t in considerable 
numbers, the average number on a good day bemg about 50 for the Army ront. 

(d) Battery Positions. 
(d) During the early surveys and the plotting of the first good maps many features of 

interest were fixed. d h k · 
Such features were prominent trees, house_s, etc., and. all well-define eart W?~ s, in-

clusive of prepared artillery emplacements. Lists were prm~ed for each s!'eet, giving the 
co-ordinates and map-square locations of all such fixed pomts. These hsts were called 
" Positions Determined," and gradually became a statement of the known ":"d plotted battery 
positions 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 cm~peting lists, and to ensure the loyal co-opera­

tion of all units, conversations had been taking place be~ween. the General Staff (Intel-
ligence), Royal Flying Corps, and the Topographical Sect10n. . . 

Towards the end of February the final arrangements were made for a hst, issued _by 
the Major-General, General Staff, entitled ~he "Active Hostile Battery " List, embodymg 
all location reports and prepared by the Field Survey Company. 

The counter battery information was therefore from the end of February, 1916, pro­
vided in the following forms :-

( 1) A weekly list of Active Hostile Batteries inclusive of Royal Flying Corps an<l 
Field Survey Company locations. 

(•) Intermediate direct reports from Royal Flying Corps and Observation Section 
during the week, which were automatically confirmed or cancelled by the weekly A.H.B. 
lists. 

(3) Lists of " Positions Determined " as before, which dealt only with emplacements 
(not necessarily batteries) whose position was known, and which were, or could be, 
accurately placed on the map. 

(I) Conferences. 

(f) In order that the Active Hostile Battery List should really represent the studied 
opinion of those able to judge, conferences were held at which the G.O.C., Heavy Artillery, 
the G.O.C., R.F.C. Brigade, General Staff Intelligence of the Army, and the O.C., Field 
Survey Company, were present. 

(g) Counter Battery and. Target Maps. 

(g) Just as the lists of positions and bearings made in battery survey had to give way 
to the artillery board, on which information was shown graphically, so the active hostile 
batter,r list and the lists of _targets had to be. printed ?n maps. Counter. battery and target 
n,aps. were ,started _therefore m_ May, 19~6. The fir~t issue showed hattenes which appeared 
on !he active hostile battery hsts, . and mcluded their arcs of fire, for the German Artillery 
tactics of that.day were such as to allow of exact knowledge of their positions and arcs. 

2. Compilation Sections in Other Armies . 
. The establi~hment_ of Field Su_rvey Co~panies in J:ebruary, 1916, raised compilation 

sect10ns automatically m other Armies. Their work vaned widely however from that of 
the 3rd Field Survey Company. ' ' 

The latter inheri_te~ from the Ran!\ing ~ection and the Ranging and Survey Section a 
!eco_rd ?f close and ~t,mate co-operation with the Artillery. This was fostered by the 
mst1tut10n of the :Artiller)'. Su~vey Section and by the subsequent growth of the position of 
the O.C. as technical adviser m 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 the Army Headquarters. 
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In the First Army the compiling officer was not so used by the Army, but remained 
a recorder of the results of the First Army Observation Section. As these results con­
tinued for months to be a negligible quantity the Compilation Section had little to do and 
remained for the next year without interest or influence. ' 

In the Second Army the compiling officer continued to be the official recorder of the 
doings of the Ob_servatio~ Section. _ He had, in fact, belonged to the old Second Army 
R.A. Flash-Spotting Se<;t10n, bu! his work resembl_ed that done by _the 1:hird Army much 
more than was the case _in _the First Arm_y. Even in the scope of his Artillery Intelligence 
work, however, the begmmngs were nothing hke so general or far-reaching. 

The 4th and 5th Field Survey Companies were raised some time after the introduction 
of the Compilation Section in the 3rd Field Survey Company. Their Compilation Sections 
were modelled upon and worked on the same lines. Certain modifications were, however, 
made; In the Fourth Army, for example, the list of "Positions Determined" was dis­
continued, the A.H.B. list being divided into two parts-(1) positions believed active 
(2) believed unoccupied. "~at_tery Maps" were first published by the 4th Field Surve; 
Company soon after the begmnmg of the Somme battle. The 4th Field Survey Company 
had 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 concealment, and positions changed with a rapidity which made an 
Army compilation out of date almost as soon 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-Battery Staff Officer had a compilation office for his counter­
battery area. 

The Field Survey Company compilation, 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.R.A., and as a 
check on the technical work of the Groups and Sections. 
· The lesson of the Somme battle spread quickly. Counter-Battery Staff Officers and R.A. 

Reconnaissance Officers were everywhere installed, and in the Third Army area the Field 
Survey Compilation office became the source from 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 weekly and was supplemented by daily 
lists from the Corps. 

4. Progress in First and Second Armies. 
Meanwhile the Groups and Section in the First Army were rapidly improving and a good 

compilation office was_ establishe?. The advance over ~he V~y Ridge was the on! y move~ent 
which affected the First Army m 1917, so that no d1fficult1es resulted from the centralisa­
tion of that compilation at F .S.B. Headquarters. A daily list was issued,. and although 
the Corps issued their own lists the Field Survey Company data were of considerable use to 
the R.A. at Army Headquarters. . 

In the Second Army the compilation office was sent up to the Army Location Report 
Centre far from Army H.Q., and issued its lists from there. Such a procedure appears 
unsound. A tabular statement of the locations made by Groups and Sections can only be of 
value to the O.C. Field Survey Company, since each location is reported by telephone to the 
Counter Battery Staff Officer directly after it is made. On the other hand Counter-Battery 
Staff Officers make their own analysis of the work of the different branches, and have ne~er 
shown much enthusiasm for an Army list. It is, therefore, at Army H.Q. that such a hst 
should be produced. 

5. Growth of Work. 
The number of photographs received constantly incr~ased ~oth in number_ an_d in areas 

covered. Investigation of the evidence they gave of the mtenhons. and org~msat10n of the 
enemy increased proportionally and the volume of work soon necessitated an mcrease of staff 
and a separation into counte;-battery and enemy organisation sides. It will be noted that 



is~ 
the former is purely artillery work, but so _wa_ much of the work <l?'1e by Fi_eld Survey 
Battalions during the war. Enemy organisation, on the other hand, 1s. the business of the 
General Staff Intelligence. Both, howev~r, are ~ecessari: to the preparation of the map, and 
it is the man who deals continuously with a cucumsc_ribed area and the photographs deal­
ing 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 the Compilation Sections led 

to a demand that they should work at the R.A. Headquarters under the direct control of the 
M.~R.~ f . . . . 

From the summer of 1917, therefore, that part o the compilation office which dealt with 
purely artillery matters was detached in ,three Armies from_ Battalion Headqu'.'rtersi and 
became virtually a part of the M.G.R.A. s office. In the Thud and Four!? Armies this ~as 
not done, but in the former the M.G.R.A. and the F.S. Co. were located in the same build-

ing. The examination of air photographs for matters of "organisation," i.e., light railways, 
tracks, deviations, dumps, etc., remained, naturally, at the Battalion Headquarters in all 
'!a.Ses. 

7. Function of the Map. 
The first 1/10,000 compilatio.n maps on the Third Army front were quickly followed by 

good mapping of a similar sort along the whole front. Cases did happen here an_d there of 
distortion, but on the whole these maps were good, and it was not often that serious errors 
could be detected. 

Results obtained by flash or sound location were of 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 essentially. The 
German Manual for flash spotting and sound ranging lays down that in many cases locations 
thus obtained may be taken as a sort of fourth order triangulation, and accepted in prefer­
ence to the map. This ruling follows rather naturally from the inferior order 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 obviously lightens the task of the compilation office, and affords a base 
on which all other results may be plotted and compared. 

There is no question that our locations were of a much higher order than the German, and 
probably the same applies to French results also. 

In the light of our four years experience, however, it is clear that we might have improved 
not only the maps themselves, but the plotting from air photographs upori them, if we had 
made a sort of fourth triangulation from air photographs. Cross roads, corners of. woods, 
hedge ord itch junctions or corners, abandoned tanks, and, in fact, any natural or artificial 
subjects might have been included. Lists of the co-ordinates of such points would have 
materially improved and assisted the plotting not only in Field Survey Battalion drawing 
offices but in Counter-Battery Offices also. 

8. Strength and Duties of a Compilation Section. 
Taking the case of a compilation office which was not split up in order to detach Artil­

lery work to the M.G.R.A.'s office, the strength found necessary was 3 officers, 10 N.C.O.'s 
and men. Their duties were-

(a) Examination of all air photographs received. 
(b) Identification and plotting on the map of all Battery Positions, whether active 

or inactive. 
(c) Preparation of" enemy organisation" map for M.G.R.A. and G.S.I. approval. 

The number of air photographs which arrived for investigation varied from 300 to 400, 

after a fine clear day, to 100 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 in the differ~nt Armies, such as Target, Harassing Fire, Enemy Battery, etc. Finally, 
they w_ere. standardised an? reduc~,d to_ t~vo ,~ypes; H<!stile Battery Positions and Enemy 
Orgamsat10n. The showing of activity of batteries on the map was discontinued- .. 



9. Futuwe Method&. 
~attery location u_nits will in futu~e b_e under the Art_iilery? and with them will go the 

compilation office. With the decentralisation to Corps which will almost certain! y take place 
th_e ~ulk of the work that was done by the Field Survey Battalions at Army Headquarters 
will m fu~re, no doubt, be done at the Corps. 

!:'xpenence has shown, however, that som~ sue~ unit is required at Army Headquarters, 
and it seems probable that a Staff officer dealing with all matters of location will form part 
of th~ S_taff of the_ M.G.R.A. of an Army, and that he will co-ordinate the work of the 
compilation offices m the lower formations. Such a Staff officer will it is hoped include 
balloons under his control. ' ' 

The S':'rvey ~eadquarters will presumably remain the final authority on exact positions, 
that _author!ty _bemg expressed through the medium of the map; that is to say, that R.A. 
locations wil( !n cases of doubt conform to the map, rather than the map to R.A. locations. 

The position of such emplacements as are topographical features will as a rule be fixed 
and publish~d by t~e. Survey uni!s.' while _all_ '.'battery" information (such as occupation, 
~on-0ecupat10~, acllvity, and posit!ons of mv1S1ble emplacements) will presumably be pub­
lished as reqmred from data supplied by the Artillery. 

SECTION II.-CO-OPERATIO:N. 

1. General. 
The account in Section I. of the work of the Compilation Sections shows how the result~ 

of the Observation Groups and Sound-Ranging Sections were combined, and also that the 
Compilation Sections had· to take into account other means of location, such as air photo­
graphs, aeroplane and balloon observation, and various reports. 

In dealing with the question of co-operation one is led inevitably from the consideration 
of co-operation between the sub-units of the Field Survey Battalions to that between these 
sub-units and other means of location. 

Broadly speaking, methods of location may be divided into two classes, terrestrial and 
aerial. The former, of which the Field Survey Battalions were the chief exponents, is by its 
nature precise and independent of the map; the latter is comparatively approximate, and is 
dependent ·upon the map and map-reading. As a general rule, terresrrial location is slower, 
and is the chief agent for fixing positions; aerial observation is quicker, and is the principle 
means of reporting activity. 

The ideal system would co-ordinate and combine the whole. 
In the following paragraphs an account is given of the co-operation between Groups and 

Sections, and after that the various attempts at co-operation with other sources of location are 
described. In a final paragraph deductions are drawn from the experience of the war. 

2. Co-operation between Groups and Sections. 
In the early days of flash spotting and sound ranging, when each branch was chiefly con­

cerned 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 t~me went ?n, 
however it became evident that the two were but parts of one system for locatmg batteries, 
and that they were inter-dependent. Flash spotting and sound ranging are entirely comple­
mentary means of fixing guns. Each can do certain things which the other can not, and each 
can aid the other in various ways. 

The importance of co-operation and a good knowledge ?f each other's work led to the 
excellent practice in certain Field Survey Battalions "!f attaching Group Offi_cers to a S~und 
Ranging Section, and vice versa, and even of makmg them. exchange duties for_ a !lme. 
Instructions were also issued from G.H.Q. that wherever pos51ble Group and Section H.Q. 
should be situated together. The results were most beneficial in broa_dening outlook and 
· increasing efficiency. . 

Another measure that tended to general efficiency was the Batta)10n CQnferences held 
weekly in most Field Survey Battalions to discuss meth?<ls of locallon: These brought 
Flash-spotting and Sound-ranging officers together and mculculated the idea that they were 
working together to a common end. . . . 

Direct co-operation between these units was also pracllsed m vanous ways. _When the 
-ith Field Survey Company was on the coast, in the winter of 1917-18, the question of c<J. 
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operation between Groups and Secti4:ms r~ived ~lo.se. att~ntion. ft th!s time the Sound 
Ranging Section in that area was havmg difficulty m mamtammg the hne t? its Advanced Post. 
A direct line was laid between No. 6 Group and S SOlind Ranging ~';Ct1on, and a man on 
duty at the Group started the sound-ranging apparatus (when conditions were favourable) 
when he saw a light on the F. and B. board, thus ~cting as the Forward Observer f~r the S:R· 
Section. This was found most useful for checking sound ranging results, and in locating 
H.V. guns firing at long and irregular intervals. Later, wh_en the Company was transfe~red 
to the Ypres front, special attention was devote~ to co-operation between Groups and Sections 
with the idea of obta.ining simultaneous location by flash and sound. The same had been 
attempted by the 3rd F.S.C. on the Bully Grenay-Roclincourt sect?' in 1916. Th~ resul!s 
were not in either case so good as had been hoped, but the necessity for developing this 
co-Operation was demonstrated by an examination of captured positions after ~8th Sep~ember, 
1917, when strong evidence was obtained that the enemy 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 co-operation of Groups and Sections, the O.C., 4th 

Field Survey Battalion proposed that in a future reorganisation a~ustic ~nd vis1;1al obser­
vation should be combined in one unit, to be called an Observat10n Section, which would 
carry out both flash spotting and sound ranging. There -is certainly much to be said for this 
proposal. . 

It evidently implies the employment of equal numbers of G10ups and Secllons of these 
units. The question of relative numbers was discussed towards the end of the war, and the 
balance of opinion, though not by any preponderating majority, was in favour of having rather 
more Groups than Sections. This was on the ground that the Group is more mobile than the 
Section, and hence more useful in moving warfare. This is quite true, but insufficient weight 
was apparently allowed for the fact that the Sound Ranging Section, though somewhat less 
mobile, is more economical. An analysis of the results obtained by six Observation Groups 
and six Sound ·Ranging Sections in average conditions during the period December, 1917, to 
September, 1918, shows that the Groups got 7,540 locations and the Sections n,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 
be no doubt that, man for man, the S.R. Sections were more productive of results. Further­
more, throughout the war practically the ·same number of Groups as of Sections was found to 
be required to cover a given front; and if there are, say, one each of these units serving a 
particular formation, as a Corps, it is not likely 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 showed, one of each per Corps 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 comes to practically the same thing as combining the Group 
and Section as one unit. The same advantages 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 certa.in if Observa­
tion Groups and Sound Ranging Sections are regarded as separate units, which only come 
!ogether for the purpose of exercise or manceuvres. It would, therefore, be of great advantage, 
in order to ensure the closest possible touch, to combine them definitely in one -unit. 

The inclusion in such a unit of other 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 and Fifth Armies to the 

question of co-operation bet_ween the various sources of location. Following the example of 
t!'e French (after t~e expe~1ence of the Somme battle), conferences were instituted, and at 
t,m~s were held daily, which were attended by representatives of R.A.F., F.S.C., Corps 
Ar!1llery Intelligence _Officers, and sometimes by Counter Battery Staff Officers and represen­
tatives of G.S. lntelhgence; In the Third Army direct lines were laid between neighbouring 
F.S.C. Groups and Sections, and a special motor cycle service was started to all squadrons 
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R.A.F., Kite Balloon Sections, and Heavy Artillery H.Q., for the transmission of infor­
mation. 

With a view to dissemin~ting knowle?ge of each other's methods, courses of training and 
lectures on location were given by various F.S.Cos. to R.A. officers, and lectures to 
Squadrons R.A.F. and K.B. Section_s; officers of Survey units were attached to batteries; 
and lectures by Survey officers were mcluded 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 transmitting and combining information. 

In !he +th F.S.B., w!'ile on the coast, various experiments were carried out, with useful 
resu\ts, m direct co-operation between aeroplanes anrl kite balloons on the one hand and S,R. 
Sections on the other. 

5. Co-ordination in the Corps. 
The Army sys!ems of co-operation and co-ordination mentioned above broke down during 

movement and hostile attacks, because the Army was too far from the front line for its infor­
mation to be completely up to date. The natural result was devolution to the Corps. 

The original idea in this devolution was that Artillery locations should be analysed at 
the Corps H.Q. by Artillery Intelligence. officers trained in survey meth()\ls, and thar ·the 
conferences which had been so successful m the Army should be reproduced in the Corps. 
The actual outcome, however, was that the analysis was done by the Corps Counter-Battery 
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 actual fact that the Counter-Battery Staff officer was usually 
by his position out of direct touch with certain sources of information, and that he had 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 most of the exact location of enemy batteries. He 
was not, therefore, at any rate ·until late in the war, in a position to understand the compara­
tive value of the results obtained. 

The outoome of this devolution was, therefore, some degree of retrogression. There. was 
still no general control of means of location, while there was to some extent less co-operation 
than 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 l9r7, 

with the common object of securing co-operation, but differing in details. In the First Army 
a Report Centre was established at each Group H.Q.; in the Second a single Centre was 
formed for the whole Army front. 

In order to avoid confusion with certain other Report Centres it was decided to call 
these " Information Centres," and they will be called by that name hereafter. 

An Information Centre in the First Army consisted mainly of a telephone exchange, 
connected to the nearest Observation Groups and Sound Ranging Sections, Kite Balloons, 
Artillery H.Q. and Corps H.Q. It was located at an Observation Group H.Q. as being 
the most convenient centre. It was provided with a wireless receiving ~et. Its ~bject wa~ to 
transmit rapidly to all location units concerned information of _any kmd affec!i?g locat~on. 
Thus if an Observation Group obtained a single ray observation, or a 2-ray mtersecl!on, 
adjoi~iI1g Groups and Sections if the probable position came within their range of observa­
tion, were immediately inform;d, and so were able to concentrate u_pon it. Sim)larly "NF " 
calls from aeroplanes and reports from Kite Balloons were transmitted. By this means_ the 
number of locations obtained was materially increased, and many that would have remamed 
doubtful were converted into certainties. 

The Second Army Information Centre differed only in dealing with a larger area. 
These Information Centres undoubtedly did most valuable work and increased t_he 

efficiency of the organisation for locating enemy batteries and other target~. Other ~rmies 
were apathetic, in some cases because they alrea?y had. a good system of mt~rchangmg_ m­
formation, and the question hung fire for some time, bem~, '!'oreover,_ complicated by diffi­
culties of obtaining personnel. Finallv, the German offensive m the spnng of 1918 and subse­
quent operations put Information Cent~es out of the question, and they never became general 
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7. General Control Required. 
The foregoing paragraphs deal with the question of_ location of enemy targets from the 

Field Survey Battalion point of view, and w!th the vanous method_s that we_re_ a~opted_ or 
attempted in order to secure co-operation with other means of locahon. But 1t ts impossible 
for those who were concerned in the location of targets during the war not to feel that the 
whole question requires consideration from a broader point of view. 

The Conferences, Information Centres, and various schemes .for interchange of informa­
tion were so manv attempts to co-ordinate all methods of location, but co-ordination without 
control, though it can do much, falls far short of effecting afl that is required. Co-ordina­
tion of results was initiated, and for a long time carried out by the Field Survey Battalions, 
though latterly it passed to a great extent to the Counter-Battery Staff Officers. This, as 
will be shown later, was a step in the right direction, but failed to secure the best results 
through lack of technical knowledge. In neither case was any control of all sources of loca­
tion exercised. 

The need was, however., felt throughout the war of a sound control, both technical and 
tactical, of all means of location by one branch, which would combine and co-ordinate all 
methods. This control should be exercised over sound ranging, cross-observation, ballloons 
and aeroplanes so far as the last-named are used for location. In order to be eflicieht, the 
staff which exercises this control 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 dif­
ferent conditions and co-ordinate them correctly. Lastly, as the object in view is almost 
entirely the fixing of Artillery targets, the branch which exercises this control should be the 
Artillery. 

Lest there should be any misunderstanding as to the meaning of the expression "tactical 
control," it should be stated that what is meant is that the responsibi,iity for fixing targets 
should be given to one branch, and that for that purpose this branch should have all possi­
ble means of fixing targets placed under their command, so that Sound Ranging and Flash­
Spotting Units, Observation Balloons, Aeroplanes and 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 suited to their respective capacities. . 

The training is a most important point. Without it control and co-ordination 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 each 
is=en~. ' 

To sum up, the experience of the Survey Organisation, both from the lessons derived 
from their own work and from their contact with and observation of other methods of loca­
tion, is that-

(,) All means of location of enemy targets should be under the command of one 
branch. 

(•) That branch should be the Artillery. 
(3) The Artillery should for this purpose.have a staff thoroughly trained in techni­

cal methods. 
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APPENDIX I. 

THE GEODETIC PROBLEM. 

SECTION !.-INTRODUCTORY. 

1. Subject Matter. 

The subject of this_ app~ndi?' as Geodesy, that is the science which deals with the shape 
of the earth. _At fi"'.t sight ~t will not be apparent why, for military purposes, it is necessary 
to.enter ~t all mto truis, the highest branch of survey. It will therefore first be explained, ill 
thIS SectI~n, why a knowled~e of geodesy and why survey of the highest class is required as 
a f~undat10~ to the produc_t100 of the class of map found necessary for war. Next in suc­
ce_ss1ve S~ctlons, the geode_t1c problem as it actually ex.isted in Belgium, France and Germany 
~II be dIScussed.. In Se~tlon y. a short account will be given of our own attempts to deal 
with the pr~blem, the difliculbes that were encountered, and the various mistakes that were 
made; ~nd _m a ~nal paragraph lessons for the future will be drawn from our experience. 
. . ThIS discus~10n of the geodetic_problem and the difficulties encountered in dealing with 
it ILil the ~eld w~ll sh.OV.: how essenllal the work of the geodesfat is to the surveyor in the field, 
and h~w rmp06Sllble 1t IS for the latter to conduct operations which are independent, and 
yet which must mutually agree, without his assastance. It will be shown that if it be con­
ceded that the surveyor must always be in a position to g,ive the accurate range and bearing 
from any gun to any target, the geodetic data must be co-ordinated, 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 wlill be as 

wrong to assume that the next great war will be precisely the same as that it will be extremely 
different. In the present state of knowledge it seems likely that the,re will be stationary 
phases and mobile phases, and that the change from one to the other may take place quickly; 
and a clear lesson from recent experience is that 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 ill­
formation between aircraft and artillery, and the measurement of reliable initial elements 
of fire are not possible. 

W&thout good large scale maps also, accurate map shooting, which is so essential to 
secrecy of operations and surprise attacks, is not possible. 

Even in a war of movement it must not be assumed that large scale maps will not be 
required. Thev will have to be provided whenever and wherever poss>ible, because the 
reasons which necessitate their use in stationary warfare apply frequently with equal force 
to a war of movement. 

It may be taken as proved then that future warfare, stationary or mobile·, will necessitate 
large-scale maos, except of course in case of small campaigns agruinst primitive races. Let 
us, therefQre, consider the accuracy necessary to ·produce maps of the nature we are con-
sidering. 

3. Accuracy of Maps Dependent on Class of Survey. 
The ideal in the map is an accuracy which a scale of 1/20,000 will_ oot c_oncl~ively 

show. 20 metres on the ground is I millimetre On this scale; and I ~11,metre lS a ~unen­
sion so small as to be dangerously near the possible error of contracbon aH?. expansion of 
the paper. Let us, however, suppose as a working hypothesIS that the pos1t1on of every 
topographical feature is known to an assured absolute accuracy of 20 metres, and let us 
examine fully what this impI,ies. . 

In the first place we can never be assured of absolute accuracy o~ any pomt, no matter 
how well fixed. But we can speak of accuracy being nearly absolute with re~erence to some 
point fixed in the centre of the country--such a point as the Pantheon at Parts, for example. 
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Xow in any general survey there must necessarily be a classification of points into various 
orders, sav, 1st, 2nd, 3rd, 4th and 5th. Suppose the absolute accuracy, as above defined 
of the xst ·order point is 1/1 · then that of the second order may be regarded as 1/2; of ~e 
third order, 1/4 ; of the fourth order, r/8; and of the fifth ?rder, r/r?. No".', tho~gh this 
scale is arbitrary, a geometrical progression such as that give~ does m prachce fairly well 
indicate the manner in which the accuracy falls off as the ord~,r mcre":'"'s. If Wf; regard :'- 5th 
order point as any or&nary topographic feature whatsoever, it is a fair assumptLOn that if the 
absolute error of that point is' not to exceed r6 metres, the absolute error of the 1st order 
point must not exceed I metre. . 

All points in a given area could of course be fixed approxnnate_ly. to the same or~er of 
accuracy even the highest. But in any other than an extremely l~ite? area the highest 
order co~ld not be maintained without rejecting the eleme~tary pnnc1ples _of econo~y. 
Even in countries with the highest development the economical factor necess1!ates the m­
troduction of the fifth-order point notwithstanding that in subsequent warfare this fifth-order 
point may assume a grave importance. If, however, the assured "absol1;1te" error o_f this 
point is to be less than, say, 20 metres, a primary survey of the very highest class is un­
avoidable. 

4. Requisite Precision of Survey. 
Modern primary surveys have shown th~t a precision to one metre in the." ab"':'lute" 

position of a first-order point distant 200 kilometres from the centra_l datum is att_alllat:,le. 
On a 1 / 20,000 map such a point would have an error less than the width of a pencil pomt. 
But an accuracy of this order in the countries we are considering could only be expected from 
the new arcs of meridian and parallel in France or from the better-class primary surveys in 
Germany. So far as France is concerned, this new triangulation covers a small area only 
of the country. In the old triangulation the third-order points are only comparable with 
the fifth-order of which we have spoken above-in other words, their " absolute " positions 
are certainly not known to an assured _accuracy of 20 metres. Even the relative positions 
of points not _very far apart are not known with an assurance of 10 metres, though the 
average relative displacement may be taken as not greater than 5 metres. Now a relative 
displacement of 10 metres between two stations even so far apart as 5 kilometres--or, say, 
three miles-may cause an error on the bearing of the line between them of seven minutes of 
a.rc--an amount quite inadmissible in laying out line for artillery. 

If third-order points are to be of full trigonometrical value to artillery their " absolute" 
errors should not exceed four or five metres ; one can then feel assured that their relative errors 
will be less. If, on the other hand, one is to shoot off the map, " absolute" errors of 20 

metres, implying relative errors of perhaps one-third of this amount, are permissible in the 
general topography (fifth-order points), since one can generally obtain points sufficiently far 
apart to nullify the resultant error of " line "-that is, bearing or direction-and a number 
of such points will give a good value in the mean. 

5. Actual Conditions on Western Front. 
Let us now, however, . descend from the ideal to the actual. Suppose that the country 

has been surveyed at two different dates, that the greater part of the survey is old that the 
old landmarks have in many cases di~app:ared or h~".e been destroyed by war, 'and that 
some of them have been reconstructed m different pos1ttons. Suppose, in addition, that the 
tw_o surveys have been conducted on different scales, with different origins and different 
azJJ?ut~, and that they have been referred to different spheroids and plotted on different 
proJectzons. Here we ~av~ the cond_itions which obtain in France to-day. Suppose, further, 
th~t. we cross th~ fronher. into Belgium. or Ge~any. Here again we meet new scales and 
ongms, fresh azzmuths, different_ spheroi?s, special systems of projection. 

The problem before the Alhed Armies was to co-ordinate 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 

b~t for the _whole. battle area, actual and possible. The partial treatment of the problOO: 
"as the radical mistake o~ the early stages of the war. In other words surve s even if 
t~ey _are perfectlr c~rrect i_n themselves within the limits of an Army fr~nt, ar~ ~ot suffi­
ci~nt , ~uch work mevitably mvolves a break between Armies, since the fundamental positions 
az•Dft1 s ~\ b;ses are never the same. These breaks involve discontinuities in fixin~ 
posi zon w ic ecome the source of no end of trouble in the subsequent conduct of the war. 
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Moreover it is so extremely difficult to effect changes during the progress of operations that 
mistakes once made cannot be rectified without upsetting past arrangements, leading to the 
greatest confusion. The inertia of a past mistake is almost insuperable. 

Again, the discrepancies due to a break between Armies are magnified by any general 
movement forward or backward of the line and the consequent pushing forward or back of 
the local surveys. These surveys then become more and more out of touch with the 
national trig. systems-in other words, with the maps of the country on which subsequent 
fighting takes place. 

Another kind of break has already been mentioned-that which occurs at frontiers, 
such as between France and Belgium. Breaks of this kind should be studied before the 
war. This implies a collection of essential documents and a thorough understanding of the 
differences in initial latitudes, longitudes and azimuths, the discrepancies between bases and 
the spheroidal constants-in short, the general 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 absolute accuracy (not the accuracy of a single stretch of front), 
to keep the whole work as far as possible in sympathy with 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 with the national surveys of all the 
countries involved. . 

If, as in the case of the century-old survey of France, the accuracy of the national work 
is of an inferior order, the problem becomes immensely complicated. It would, however, 
have been vastly simplified had we begun in 1914 a triangulation based on the new meridian 
of France, whose accuracy is unquestionable, and which had been already connected with 
both Belgium and Germany. But there is no use in attempting such work unless it is 
generally controlled hy one whom past experience has trained in the same general field; 
divided and 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 has spent his life in dealing with these complicated problems, and 
\\ho can devote all his time to the subject. Such problems are always liable to arise, and it 
is for this reason that a know ledge of geodesy is so important, and that it is essential to 
have a geodesist on the Survey Staff, both in 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 of the fundamental points of the national triangulations. 
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 system. (Imtial latitude, longitude and azimuth.) 
(e) Spheroid of Reference. . 
(f) Nature of Projection and origin of rectangular co-ordmates. 
(g) Connection with neighbouring national surveys. 
(h) Systems of levelling: . . .. 
(i) Generally, those relat~ons wh1c~ \\ere of 1mport'!"ce as contr!Dutors, direct or 

indirect, towards the observational efficiency of our Armies. 
Although the ideal was so far unattai~able. the prelimi!1ary remarks _in this intro_duction 

will enable us to bear in mind the conditions towards which we should have stnven to 
secure as great a co-ordination as possible of the very diverse, sometimes very good, often 
very bad, material at our disposal. 

SECTION II.-BELGIUM. 

I. Bases and Triangulation of Belgium. 
The primary triangulation of Belgium w~s execu:e~ betwee!' r85~ and 1873. Being 

later in the surveying field than France and Great Bntam! Belgmm_gamed by more mo?:rn 
improvements in instruments and methods and the growing necessity for gre.ater precmon 
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Directed by Nerenburger, Houzeau, Simons, Le Maire, Diedenhoven, Ferrier, Hennequ~n, 
the triangulation was dependent on two well-measuTed base_s-Lomm~l and O~tend, with 
Beverloo as a base of verification. There are eighty-four pn'?ary stat~ons, !or~m!! a net of 
219 triangles; the mean square error of an observed angle 1s ± 0.89 , which md1cates that 
the triangulation is on a par with good recent wor~. 

The measurement of the secondary and tertiary net was completed in 1888, and the 
results of the whole work are set out in three published volumes. 

2. Connection between Belgium and France. 
The primary survey of Belgium is connected with the new triangulation of France at the 

four points, Kemme!, Hondschoote, Cassel, and Dunkirk. It was also tied to the principal 
triangulation of Great Britain by the cross-channel measures made by Anglo-French and Bel­
gian co-operation in 1861-2. The results of these measures proved that there was an excellent 
concordance between the English and Belgian bases ; and that both are in very good agreement 
with the base of the new French triangulation; if fifty-eight be added to the seventh place of 
logarithms of distance so as to bring t~e En!!lish and Belgian standard~ in_to _ harmoni: with 
the International Metre. The connection with France, except along this hm1ted port10n ot 
frontier in Flanders was weak, consisting only of points common to the old triangulation of 
France which, as w~ shall ·see, was very far trom being up to the standard of modern 
demand. Moreover, such points as were common occurred in groups with long intervals 
between them. It may be added here that tl•e French Admiralty had tied their coastal triangu­
lation with Belgium as far as Bruges. Between Kemme! and the sea, then, there was an 
intimate and strong liaison between the surveys of Belgium and France ; along the rest of the 
frontier the weak linkage on the French side was at any rate defensible as evidence of pacific 
design. 

3. Spheroid, Projection and Origin of Co-ordinates. 
The spheroid of reference for latitudes, longitudes and azimuths 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 
France.* The Belgians were logical in using the same spheroid for their system of rectan­
gular co-ordinates. They adopted the Bonne projection, using as initial meridian the longi­
tude of the old Observatory of Brussels, about 2° 01 1 58.75" = 2• 2588.74" east of Pari_s 
- 4° 221 12.7 11 east of Greenwich. The initial parallel was that of 56• = 50° 241 of north 
latitude. The meridian actually adopted by us as initial for the computation of points in 
France was 2• 2588. 7" E. of Paris. 

The Belgian rectangular co-ordinates were at first computed from the geographical 
by an approximate conversion in the field, and later by means of tables and formulre for double 
interpolation. The results were sufficiently exact for mapping, but a curvilinear system 
cannot thus be transformed to a rectilinear without loss of precision; and, in fact, errors of 
one or two metres resulted. Subsequently the rigorous formulre for direct conversion were 
employed. 

4. Quality of Survey. 
Though the Belgian survey ,~as of very general excellence, the third-order points were of 

much lower accuracy than the primary. There were some actual errors and naturally the 
survey is in certain places considerably out of date. Nevertheless had the war been confined 
to B_elgium, the pr?blems <=;>nfro?ting the su~veyor would have been greatly simplified. The 
Service T?J?ographiq?e de I Armee ~elge dunng the course of the operations corrected some 
of the _positi?ns of p01~ts on t!'e ~e]g13.n front_ and amended other errors of transcription in 
the_ Repertot~e- des P~tnts G_eode~tques _(pubhshe? by the French Service Geographique), from 
which the Bnlls? service denve~ its pos11lons dunng the later middle period of the war. We 
shall have occas10n to refer again to these valuable Repertoires. Towards the end of the war 
the co-ordinates, geographical and rectangular, were supplied to us directly by the Com' 
mandant of the S.T.A. 

* See note 3. 
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SECTION III.-FRANCE. 

l. Old and New Bases and New Meridian of Paris. 
France p~ovided problems of much greater complexity. The new triangulation of 

France (see Diagram 1), covered a small porllon only of the country. Commenced in 1870 as 
a re-measurement of the old arc of Delambre, known as the meridian of Dunkirk anJ extend­
ing_ from the Spanish frontier through Paris to the Straits of Dover, it was n~t completed 
unlll 1892. It ~as s~pport~d on three bases, of which that of Perpignan was the only one 
which could be 1denllfied with the old. The new measure of its 11. 7 kms. showed that the 
old length was too short by 29 ems. only, i.e., one in 40,000. The old main base at Melun 
was not recoverable, but comparisons 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 barely 12 ems., i.e., one in 100,000. * The third new 
base was measured at Wormhout, north of Cassel. 

The new meridian of Paris comprises 1,9 triangles, whose maximum error of closure is 
8.8", i.e., less than three seconds sexagesimal; the mean square error of an observed angle is 
0.56". These facts prove that the primary work was of the highest class. 

2. New Triangulation of France. 
From 1899 onwards other chains were measured, the new work being at first known as the 

Cadastral Triangulation. In 1907 the survey was re-organised, the chief end in view being 
the production of a new map in colours on the scale of 1 :50,000; wherefore the new work 
became known as the "Triangulation of the 50,000." The stations of the first order formed 
chains of meridian and parallel, which in 1914 included the following arcs: (a) the new 
Parallel of Paris (1899-1902), 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 not been completed 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 Comple­
mentary, which, together with points of the 2nd and 3rd order, is eventually to fill the 
rectangular spaces between the chains. The triangulation was at first carried out by Depart­
ments of France, but from 1907 the work was done by sheets of the 1 :50,000 map-a 
method 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 Departments of the Somme, of the Seine and Marne, and of the . Vosges, 
together with portions of the Pas de Calais, the Seine, the Haute Marne, the Haute Saone 
and the Doubs. When the front line became stabilised, in the British Army area there were 
available the triangulations of the Somme and the Pas de Calais, while the French Army 
was interested in addition in the triangulation of the Vosges. 

3. Area covered by New Triangulation. 
In 1914 the new triangulation accordingly covered a sm_all part only of. Fran~e, and, 

with the exception of the Somme surveys, was, broadly speakmg, of comparallvely httle use 
to the Allied forces. It is true that the meridian arc of Paris followed for a good way the 
front line and the stations were all more or less utilized at some period or other, except perhaps 
one or t;o which had been destroyed comparatively early in the war; but in gener~l they 
were too far apart and too far back to be of immediate valu_e with th_e means at our. disposal. 
It was not until the summer of 1918, when the Third and Fifth Armies had bee~ dnven back 
and found themselves in the midst of this new triangulation, that it was possible t'? make 
practical use of it, and to make arrangements for "breaking down" th~ prunary cham: . 

For surveys in the back areas the triangulation of the Pas de Calais was finally ul!hsed 
to the fullest extent. 

4. Description of New Stations. 
The primary stations of the new triangulation 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. The second 

* See note 1. 
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and third order points are spires, chimneys or small brick pillars; already commonly the 
latter have been wantonly destroyed by the farmers. on whose land they were placed,. but 
tortunately our surveyors were in most cases ~ble to ~1scover at )east. th_e concrete foundahons. 

\Ve shall have more to say of the new tnangulat1on; _meantime 1t 1s necessary to make a 
passing reference to the triangulation of the French Admiralty. 

5. Triangulation of the French Admiralty. 
The work of the Admiralty was naturally coastal and comprised a ~omposite tri~ngula­

tion of varying value. On the North Sea littoral it made use of the Belgian tnangulahon for 
the fixation of Bruges, Hooglede, Kemme! and N1euport; then ~f the 1861-2 Anglo-French 
triangulation to connect with Mont Lambert and Harlettes, stat10ns of the Pas de Calais; 
then of the new triangulation of France as far south as Huppy an~ H_ornoy; then of the 
old parallel of Arniens along the coast to Dieppe. For the_ last section 1t employed the old 
measures of the angles, bringing the lines into sympathy with the azlllluth 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 Calais triangulation, and this point was chosen as the origin of 
the projection. 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 as a system zn plano and the rectangular co-ordrnates computed 
accordingly. To transform to the Bonne or the Lambert system it became_ therefore 1:1ecessary 
to compute the sides of the tnangles, to work up the geographical co-ordmates startmg from 
La Canche and then convert the geographical to the Bonne and Lambert co-ordinates. To 
determine the latter correctly it will be seen that it was essential to know the particular chain 
of triangles which bad been originally adopted, the general list of co-ordinates itself giving 
no clue to this chain. The Admiralty triangulation was obviously of value for back-area 
surveys, for which purpose full use ,vas 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 Department of the Nord, 

the 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 the 
Meridian of Dunkirk in 1792. This famous arc was carried by Mechain southwards 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, whence a trigonometrical connection had been established 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 Survey to Saxaford in the Shetlands, the Anglo-French 
connection being greatly improved in 1861-2. 

Some of our officers will appreciate one of the difficulties Delambre had to face in 
northern France; in certain places he found local hostility so great that he had to give· 
popular lectures 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 . 

. '!he French section of, the arc "'.as published in 1806-10 un_der the title Base -du Systeme 
M etrtque. The arc compnsed 9.~ tnangles, II per cent. of which had closing errors of over 
311 • The mean square error of a measured angle was ± 1.08 11 ; the quality of the 
measurement was therefore superior to that of many national surveys executed half a century 
later. Perhaps the most doubtful element in the meridional triangulation was the azimuth. 
Ob~ervations were made at Wa!ten, Paris, :Sourge_s,. Carcassone and Montjouy, an extra­
ordmary number of measures berng taken for referrmg a selected station to the morning and 
evening sun. At Paris there we•e 396 observations, and we have seen that the old azimuth 
here differs from the new by two seconds sexagesimal only. But at Bourges 120 miles south 
of Paris, _where 180 observations were made, the discrepancy between the observed and com­
puted .a~lllluth amounted_ to 39.4".* ks regards the _latitudes, the discrepancy between 
Mecham s values at Montiouy and Barcelona was the s11h1ect of considerable criticism; on the 
other hand, that of Dunkuk, reohserved by Mudge at Delambre's suggestion, was confirmed. 

* See note 2. 
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These discrepancies were somewhat disheartening to Delambre, who had put into the work 
all his great fond at knowledge, skill and effort. Modern observation has, however, amply 
supported Delambre so far at least as the northern portion of the arc between I' aris an<l 
Dunkirk is concerned. Between Paris and Bourges, however, the extraordinary political diffi­
culties he encountered appeared to have reflected themselves in his results. It is necessary to 
consider only the final northern line to prove how comparatively small were the errors of the 
northern portion of the old meridian arc. We append here the results of the five measures 
which have been made of this line at various dates. 

CASSEL CHURCH TO DUNKIRK I'AVILION. 

COMPARISON OF MEASURES. 

Triangulation. Distance. Azimuth. 
Log. metres. 0 

Old French 4.438 6784 163 18 40.74 
Belgian 6819* 38.0 
English, 1861 6824* 50.90 
French, 1862 6791* 
New French 4.438 6862 163 18 50.45 

* These logarithms have been increased by 58 to bring the Belgian and English bases into 
harmony ,vith the International Metre. 

These results indicate that the scale of the old French survey in this region is less than 
the new French by 1 / 60,000--a change in the same sense and of much the same or<ler as 
found at Paris and in the south. Incidentally they also indicate a very fair agreement between 
the Belgian, the British and the new French bases. As regards the azimuth, we find a close 
agreement between the old French and the Belgian 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 
azimuthal error of Delambre's arc had accumulated t~ some 12 seconds sexagesimal between 
Paris and Dunkirk-an. amount which cannot he considered condemnatory, even from a modern 
point of view. The agreement between the British and new French azimuths is very satis­
factory. 

Though we have given here the results of one line only, all the conclusions are abund­
antly supported 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, 28% of which had closing errors of over 3"; the m.s.e. of a 
measured angle, moreover, was± 1.66 11 • These measures were executed between 1811 and 
1831 by Ingenieurs-geographes, under Brousseaud, Bonne·, and others. Between these chains 
the country was covered with a triangulation, known as that of the First Order Comple­
mentary completed in 1845. Finally, the 2nd and 3rd order points, surveyed according to 
sheets of the 1180,000 map, were all fixed hy 1855. These latter points, as our Armies have 
good reason to know, were not always positioned with sufficient accuracy even 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 remarks. The differences in the bases ha,·e 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 geographical co-ordinates here, with their differences, are as fol­
lows, longitude being reckoned positive westwards from Paris Observatory :-

New 
Old 
New-Old 

Latitude. 
54• 27 36. 18" 

2742.55 
-6.37 

Longitude. 
-J 0106.93" 

0106.81 
-'0.12 

Azimuth of St. Martin du 
Tertre. 

119g 8721.86. 
8728.3 
-6.44 
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It was necessary in the first place to consider whether the old should be reduced to the new 
or ,the new to the old. . Having to face the fact t~at so httle of the c;ountry '."as cove~ed by the 
new triangulation, to save labour the French decided to reduce the !'ew tnangulatl~ to the 
same origin and spheroid as the ~Id. Hen?', to com·ert the new latitudes and l~g1tudes to 
the old the differences above, with opposite signs, must be added to the new latitudes and 
longitudes to _allow for the change of origin. Hut again : the ;11ew 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 the old spheroid, Andrae's 
Danish formula, were employed for the conversion. A table constructed therefrom gave 
the corrections, including therein the change of origin given abo,•e. There remain the ques­
tions of the corrections due to change of scale, consequent on the differences between the old 
and new bases, and to the change of azimuth at the origin. The effect of these last two 
changes could also have been computed by differential formula,, and tables constructed to 
correspond; but, rather than work in this way, it would ha,·e been really simpler to have re­
computed 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 table con­
taining the resultant effect of all the changes. What the French actually 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 triangulations is possible. On the other hand, if a sufficient 
number of common primary points ·occurred in each_ area, it would have been possible to 
arrive at regional corrections showing, in addition to the relative errors of the two triangula­
tions, the effect of neglecting the change of scale and the change of azimuth. It was the 
intention of the French that this should be done; but, actually, the provosal was generally 
·unworkable. For while regional corrections could have been obtained in the Somme area, in 
other regions the common primary stations of the old and the new 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 certainly have nullified the value of the com­
parison. 

In practice, therefore,. we were unwillingly compelled to forego the changes of scale and 
azimuth and the relative errors- of the two triangulations, correct for the changes of origin 
and spheroid only, and reject the possibility of finding a regional correction. This scheme 
wo~ked better than perhaps one would have expected; we have seen that the change of scale, 
as _Judged by the Melun base, was only 1 : roo, ooo and the change of azimuth at the origin, 
bemg only 2 sexagesimal seconds, would not have made any important difference 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 o•.os only, and it is curious that at the same 
frontier the change of scale, as indicated by the Melun base, would have affected the longi­
tude to very nearly the same absolute extent, namely, 8 feet. 
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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 not previously mentioned. 

Geographical Lambert 

Station and Order Trian-
Co-ordinates. Co-ordinates. 

of Point. Sheet. 
gulation. 

W-E I Latitude. Longitude. S-N· 

metres. rnetres. 
f French New 55•,8298."9 + og10880." 2 109806.5 397212.0 

BoNNIERES Church 
spire ( 1st Order lArras, S.W. Newrevd. 8.95 0.20 6.5 2.0 
Old, ISt Order 
Campy. New). {Lambert Old 55,8298.6 +0,0879.7 109809.7 397210.8 

7f, N.E. New-Old + 0-35 +0.50 -3.2 + 1.2 
---

{French New 55,7970.6 -0,2195.7 129261.8 392538.0 

SAULTV Church Arras, S.E. do. revd. 0.65 5.68 1.6 7.9 

spire ( 1 st Order). 
{Lambert Old 55, 7970.2 - 0,2196.2 129264.6 392533.8 

7g, N.W. New-Old +0.45 +0.52 -3.0 +4.1 
--- ----

{French New 55,5888.7 +0,0132.25 112861.7 372815.2 

TALMAS Church Amiens, S.W. do. revd. 8.707 2.25 61.5 4.9 

(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 55,47 14·9 +0,0823.6 107 566.2 361425.4 

LoNGPRE LES Amiens, S.W. do. revd. 4.90 3.606 5.9 24.9 
AMIENS Church 
(3rd Order). {Lambert Old 55,4715.9 +0,0826.1 107550.7 361486.6 

Sf, S.E. New Old -1.00 -2.49 + 5.2 -61.7 
---

f French New 55,4329.9 +0,0382.3 110176.3 358006.9 

lAmiens, S.W. do. revd. 2.94 2.33 5.9 6.5 
AMIENS Cathedral 

spire (3rd Order). 
{Lambert Old 55,4392.8 +0,0382.2 110177.0 358005.8 

9f, N.E. New-Old +0.14 +0.13 -I.I +0.7 
---

JFrench New 55,2342.4 -0,0699.0 115693.7 337047.8 

lMontdidier, N.E. do. revd. 2.41 9.03 3.8 6.9 
SOURDON Church 

(1st Order}. {Lambert Old 55,2342.1 -0,0699.0 u5693.4 337044.5 

,of, N.E. New-Old +0.31 I +o.o 3 +0.4 +2.4 
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These may be considered as very fair examp!es of the discrepancies ~et,yeen,.the ol,~ 
and the new triangulations. The latitudes and longitudes f?llo"'.mg the desCnJ?llon N_ew 
were, with the corresponding Lambert co-ordinates, those i:iven m the French hst~- It will be 
seen that the former were given in general to the first dec~al only of the_ centesimal second, 
so that an error in the co-ordinates of half-a-metre was possible, and sometimes occurred. The 
whole of the latitudes and, longitudes were, therefore, recomputed anew by our Depot Bat­
talian and these appear in the rows indicated as "New revised." It is with the latter, 
therefore, that we compare the values given ~or th~ old tri~gulation. . . 

It will be noticed that there are manv mconsistenc1es m the figures. These m certam 
cases are not very serious ; they are due to~ a certain extent to error in t~e original meth_od of 
computation, and to a small extent arise from the fact. that the old lat~tudes an_d longitudes 
are not 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 very possibly was straight in Delambre's 
period. But the discrepancies in the cas_e of_ the third-order points, Talmas and Longpre 
les Amiens are much too great to be explained m other than four ways. It may be that they 
are due to (a) errors in the old triangulation; ( b) mistakes in transcription; (c) errors in calcu­
lation; (d) reconstruction of the churches. With the new triangulation to test them, there is 
no doubt as to the seriousness of the discrepancies; and it is obvious that any new work 
based on either or both of these points would have been disastrously incorrect. Consider now 
the difficulty of detecting such errors in those wide regions of France not covered by the new 
triangulation and the danger of working from such points, more particularly in those areas 
where the correct fixation of observation posts, microphone bases and battery positions was all­
important. 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 them_ 
It will not then surprise the reader that observers were warned not to depend on any single 
point of the old triangulation or even on two such points. It was their duty to observe as 
many as reasonably possible and reject the assuredly doubtful results. This is not so simple 
as one mfght imagine, for many points were on the rather broad borderland between the suffi­
ciently correct and the excessively incorrect, and it was not by any means always easy to­
differentiate between them. The unquestionably incorrect point gave much less trouble, and 
once found could be rejected with equanimity. 

10. The French Bonne Projection. 
The system of co-ordinates at lir_st in use was, in France as in Belgium, based on the pro­

jection of Bonne, known also as the projection du Depot de la Guerre, the original projection· 
of the Carte de France. The origin in France was the crossing of the 45th Parallel (50• of 
north latitude) and the meridian of Paris. They were calculated by interpolation from 
tables drawn up by Du Plessis. Now, i? ihe first place, Du Plessis altered the ellipsoid of 
the Carte de France. He took the meridian quadrant at 10,000,000 metres instead of the 
10,000,724 metres of the Carte de France, thereby changing the scale bv r in 14,000, i.e., 
50 to 60 metres in the whole length of France. Puissant gave correctional formula, but ihey 
were never applied.* In the second place,' it is not possible to transform by fo;mula, for· 
double interpolation from a geographical (spherical) system, that is, say, from latitudes and· 
longitudes, to a plane rectangular system, without introducing quite appreciable errors unless· 
the fundamental tables are drawn up with arguments having smaller. intervals than o~e-tenth 
of a grade. The national disinclination to drudgery nowhere showed itself more than here -
and it is open to question if much labour was really saved. The same doubtful procedure wa; 
later followed by the Belgians. 

11. Conversion to the Belgian Bonne Projection. 
Since the British maps were extensions of the Belgium I/ 40 000 sheets. 

it became necessary to refer the French points to the origin of the Belgian Bon~e (vide ante{ 
T~ese calculati?n~ were at first carried ou_t in t~e field, and later by the Ordnance Survev: 
using a t~ble sumlar to that of ~u Plessis, which: of course. _w_as quite sufficiently accurate· 
for mappmg purposes. When, m the course of hme, the Bntish Field Survey Battalions 
were properly organised, the calculation of Bonne oo-ordinates was conducted rigorously . 
but it m1;1st be un~;rstood that this eventual progress took two years to develop, and the early 
workers m the British field found themselves everywhere faced with grievous difficulties. 

• See Note 3. 
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12. Military Projections. The Lambert Projection . 
. The F_rench w~re not satisfi_ed with their old Bonne projection, because an equivalent 

proJechon 1s _no~ smtable for art~llery purposes. From the point of view of plottable error 
!here 1s not, 1t 1s true, en~u~h d1ff~rence between on~ projection and other (provided that one 
1s not _too f~r f~om_ the o_ngm) to mtroduce a?"y senous practical difficulty; but an ortho­
morph1c projection _,s desirable for the fo\lowmg ~easons: Firstly, it preserves shape, and, 
consequently, bearing; and, _secondly, the_ co-ordmates_ of an orthomorphic system adapt 
themselves better to working m the fi~ld, smce the _beanng computed from orthomorphic co­
ordmates, treated as a plane system, 1s almost prec1selv that of the map grid · in other words 
it is simply_ the azimuth (i.e., the true bearing from truenorth), ± the mean !~ea! convergen~ 
of the mend1ans. It ,s true that an orthomorphic projection in preserving bearing increases 
the e:'aggeration of distance; but by the adoption of two standard parallels the amount of 
the hneal error can be reduoed by about one half. The balance lies, therefore, with some 
form of orthomorphic projection, be it latitudinal, longitudinal or circumferential. 

In an orthomorphic system bearings are true round a point. This postulates that the 
lines carrying the bearings are very short; if the bearing of a line A-B of some considerable 
length is computed from the co-ordinates, 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 extremity. But it is so near! y so that the discrepancy 
is negligible from an artillery commander's point of view; and it is vastly more nearly so than 
in an equivalent projection like the Bonne. 

Of the numerous orthomorphic systems, the French, looking towards Germany, naturally 
chose the Conical Orthomorphic, identified more particularly wuth J. H. Lambert (1728-77), 
an Alsatian refugee who found his life-work in Berlin and whose Contributions to the Practice 
of Mathematics were published in 1772. The central ·parallel of the new system is that of 
55•=49°301 of latitude, and the initial meridian as taken 6• east of Paris Observatory. There 
was no advantage in taking the origin so far east beyond the fact that it reduced the con­
vergence of meridians to zero somewhere near the meridian of Strasburg, which in certain 
eventualities might have 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 , :2037, thereby rendering 
the scale true on the parallels of 53• and 57• approximately. Finally, to avoid negative 
co-ordinates 500 kilometres were added to the eastings and 300 kms. to the northings. The 
inconsistency was once more maintained of computing the co-ordinates on the Du Plessis 
Spheroid while the geographical oo-ordinates remained on the Carte de France spheroid. 
Tables similar to those of Du Plessis were computed for the Lambert projection ; they were 
never used by our Armies, the co-ordinates being rigorously calculated throughout. 

The adoption of the Conical Orthomorphic projection, with two standard paTallels, 
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. Co-ordination of French and Belgian 
Triangulations. 

Towards the end of the war, surveys were in progress on ~e Br!tish front having for 
their object the extension of the new triangulation so as to render 1t available along our whole 
front. Had the war continued stationary any longer, these sun•eys would have greatly 
strengthened our knowledge of position. . 

Towards the end of the war also, when the pro.spe~t of an ad".ance along the Belgian 
frontier became more obvious, it became of correspondmgly_ greater 1mpo~ance to re-examme 
the nature of the increasing discrepancy between the longhtudes of Belgmm and tho~ of the 
old survey of France as we moved_e?-5twards .. 1?ere apl?eared to be ?o hope of ca~rymg new 
surveys forward with sufficient rap1d1ty to ma1'!t'.'1n effective conta:t with ?ur advancmg forces. 
The only possible means of improving the pos1\1ons of the old t1:ai:igulatton was to make u~e 
of the new parallel of Paris for the recomputahon of the old mend1an of Sedan. To ex]>lam 
the method some preliminary remarks are necessary· 

14. Discrepancies between France and Belgium. 
• The French had prepared useful "Repertoires " of the trigonometrical stati?ns in France 
and Belgium, arranged according to sheets of the French 1 : 80,000 and the Belgian .' : 40,001 
map. It may here be remarked that an alphabetical arrangement ~ould have _been 1'!' genera 
simpler and better adapted to general requirements. The Repertoire for Belgian pomts gave 
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"corrections" to reduce Belgian longitudes to French; we spe_ak of longitude_s only, for_ the 
chang-e of Jatihtde was nearly constant at about 1. 7''. The longutu~mal corrections were g,.ven 
according to sheets of the Belgian map. In Di~gra?I 2 these corrections are shown as a stepped 
line marked ·'BelITian Repertoire." An exammat1on by us of all the pomts common to 
Belgium and Fraice showed that the curve marked "Common Points," of which not by any 
means all are shown on the diagram, more truly represented the change of longotude ~rom 
point to point-a change which at Bouillon amounted to about 20 metres. Beyond ~omllon 
there was no means of comparison except through the roundabout method of employmg the 
German triangulation as a connectina link, which we shall consider later. 

rt is ob,~ous that the use of th; stepped line of the Belgian Repertoire would have led 
to serious inconveniences. Thus between Peruwelz and Bouillon the change· of sheet would 
have produced an abrupt jump of about 8 metres in eas~ing from one Belgian map to anot":er­
To com·ert the Belgian points to the Lambert system 1t therefore; appeare~ that the_ B7lguan 
lonairndes should he chanaed accordina to the values of the long1tudmal difference md1cated 
by ;he cunre marked "Co~mmon Pain~," provided that the object was, a.s in our work, to 
brina the Belgian points into sympathy wtith the older French values. 

~The change, however, between Kemme! and Bouillon amounted to about 20 metres, and 
the discrepancy was more likely to be due to error in the old French rather than in th~ later 
Belgian triangulation; we have seen that the mean square error of a measured angle m the 
primary troangulallion in Belgium was± 0.89", whereas in the main body of the old French 
primary triangulation it was± r .66 11 . It therefore appeared advisable if possible to correct 
the old French triangulation before attempting to force the Belgian triangulation into false 
sympathy with its doubtful values. 

15. Method of Reduction of Discrepancies. 
The only poosible means of carrying out this design lay in bringing the old meridian of 

Sedan, containing Bouillon as a termiinal point, into sympathy with the new triangulation of 
France along the Parallel 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 utilizing the new length and azimuth of a junction line and the new positions 
of its extreffiJities, referred to the Carte de France ellipsoid, and then recomputing 
the triangles, US4I1g 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, had neglected the change 
of scale and the change of azimuth at the common orignn on the Pantheon. As far as the 
scale was concerned, recomputation northwards from the new Parallel of Paris to Bouhllon 
would have made very little change in the longitude of the latter; 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 longitud~s are reckoned positive!,· westwards, in order to convert Belgian longitudes to 
old French, Diagram 2 shows that at Cassel we must deduct 2,'2588.6" and at Bouillon 
2,2'585.6':- This pro-:es that be!ween Cassel and Bouillon the longitudinal width of the old 
Fre~ch tnangulatton 1s 3 centesllllal seconds less than that of the Belgian. The difference of 
long1tude between the two points being 2 ,'7 5, the difference could be accounted for on the 
su~position that the French longitudinal scale was too small by about the order of 1 / 10,000; 
which so far as it goes is an indication in the same sense as the difference between the old and 
new French bases. 

. All the condition~, except perhaps the nearly constant latitudinal difference, seem to 
pomt to a scale error m the same sense. Thus, on the former Franco-German frontier near 
Donon .an~ Bressoir, 4°50_' or about 5•4 east of Paris, the new French longitude, reduced by 
table, tnd)Cated that rans W!S 20°001 10.17" east of the German origin in the island of 
Fer~?•_!'h1_!e the old tnang1;lat10n g~ve 20°001 10.80" for the same longitude. The difference, 
o.63 - 2 , represents a d1ff~rence m scale of 1/27,000, the old French arc being again too 
'"!all. As a rough assumpt,?n we are theref?re justified in supposing that between one­
third and two-fifths of the discrepancy at Bomllon-that is, from seven to eight metres-is 
due to the deJ'.e<;t of scale of the old triangulation. Is this supported by the recomputation 
of the old mend1an of Sedan of which we have previously spoken? 

16. Res~lt on French Longitude of Recomputation of old Meridian of Sedan. 
Am" In Diagram 3 there is shown this meridinal arc of Sedan together with the Parallel of 

l~n~. Basstt and Longeville form the line between the Parallel of Paris and the 
Mendian of ~edan. Now, unfortunately, as had so frequently happened in other cases the old 
and new stat10ns at Bassu, though not greatly different, "ere apparently not the s~e. To 
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determine a 1_1ew value for t~~ old position of Bassu, there was therefore no way of avoiding 
a_ recomputat10n of. the pos1hons of common stations furthe{ south. Here again the old 
ddlic~lty presented. itself; Chasse~icourt was found to have changed its position. Fortunately 
Monhers, St. Antome and Sempms were found sound. Thus the old positions of Chasseri­
court and Bassu were computed in the new terms, and thence the old arc was recomputed 
step_ by step north~ards to Bouillon. The result was to increase the French longitude of 
Bomllon by about eight metres, almost the same as the result of the rough scale compensation 
reached above. 

1 7. Adjustment of Parallel of Amiens. 
The ?Id paralfel of Amiens was now treated in the same way, the new positions of the 

former points at ~11lers Breto~eux, Liho!'s and Noirtrou being worked up before further 
progres~ was possible. The pomts o~ this parallel ~ere then adjusted to the new position 
cf Bomllon and became standard points for correcting the co-ordinates of the lower order 
points in their vicinity. The corrections to these latter were found by weighting inversely 
to their distances from the standard points the corrections to at least two and commonly foor 
of the standard points around them. 

These computations were in progress at the end of the war, but owing to the rapidity of 
the German collapse were not put into general use. 

The new position of Bouillon gave a new curve marked on Diagram • as the " Curve 
finally adopted," for transforming the Belgian points to bring them into harmony with the 
French longitudes. 

18. Surveys of Eastern France and Belgium Connected Through Germany. 
The link through Germany between the Belgian and the French triangulations was 

much too long to permit of any real conclusions to be drawn from it. Nevertheless in 
itself it is interesting as showing that, though roundabout, it at least exhibits no startling 
discrepancies. At Ubagsberg (on the Belgian-Dutch Frontier) and Jalhay we find that 
German longitudes may be reduced to Belgian by deducting 22°021 09.23 11 . At the former 
Franco-German Frontier, about a degree further east than the Belgo-German, we saw that 
German longitude might be reduced to old French by deducting 20°001 10.8011 . The differ­
ence between these two is 2°021 58.43 11 = 2g2,587.8", so that 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 we have seen that the normal geodetic 
difference of longitude Paris-Brussels has been taken at 2•2,588.7''. But very little weight 
can be attached to such a result,, though it is interesting to record that apparently the 
French Service Geographique de l'Armee had arrived by some means unknown at much the 
same conclusion. 

19. German Surveys in France. 
Before leaving France some references must be made to the German Surveys there. 

The German Survey Sections worked according to the areas occupied by their Armies, so 
that the survey of one Army area was at first independent of others: Each Army had thus 
an origin of its own; there were origins south of Paris, in Paris itself. at Rheims,. Laon and 
l.ille, together with others on the French portion of the front. No information was g;ven 
on the maps as to the origins nor the nature of the projection. ].ut it was possible to form 
a strong presumption with regard to these. Thus in 1916 it was kno,rn that the projection 
was almost certainly Cassini, and that the Lille origin was in a position not five feet distant 
from the truth. The question of the projection .was confirmed by captured documents con­
taining pages from Jordan and other German writers. Similarly it was believed early that 
the Germans were using the Carte de France figure, since it was known that they were very 
puzzled over the discrepancies between their positions and the French due to the Frenc~ 
errors in scale. This was shown by a captured map (1 / 10,000 Epehy) which had on 1t 
French and German positions relative to Paris, with various remarks in the margin. The 
capture of a paper showing the cutting lines of the Paris and Lille grids confirmed the ques­
tion 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 Rheims grids met. The difficulty in wor~ing in su?h an area was t? a 
certain extent faced by the preparation of a sp~cia! map showing a cons1derab_le overlapping 
of the grids, but nevertheless the German arhllenst can scarcely have adm1red the crazv 
patchwork. 
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f · d O having this variety of trigonometrical grids, the 
Apart from the con us10n raus_e y in not havin one uniform system of map 

Gem1ans must ha:·e f?tmd grav~. d1~~dv:~:=~~nld evi<lently f)e described in several different 
rrferenrr. as a I""t i1 an over .jP 3 There is reason to believe that towards the end of the 
way\~~0 ·:~~g :~~ :e~t :re~i:r;r~d~1;:i~g) the Paris grid for purp?ses of ref~rence over the 
:~:le o't their~ fro~t. b~t the evidence on this point is n?t conclusive. ~f th_~s _was th~ case 
the,· would have had one reference grid for the fr~mt-hne srstem ~Pans 011gm), while at 
the· same time thev would have had a numbe_r of tngonometncal gn~~ for puq~oses of c~l-

1 t' Of these trio grids one only (Pans) would have agreed ,Hth the reference gnd, 
~~htie10: all other case~· the computers would hav_e had the_ incon:'enience of having a refer-
ence grid which was quite independent of the tngonometncal gnd. . 

It is believed that the position at the close of the war was as follows in the northern 

area.:-

Twe Reference Grids. 
Froflt-line system, with origin in Pans. 
L. of C. system, with origin near Antwerp. 

Four Trig. Grids. 
t. Origin near Antwerp. 
2. Origin near Lille. 
3. Origin near Paris. 
4. Origin near Rheims. 

The Laon grid at one time in use had bee_n discard_ed. . . 
Some documents showing the . methods of conversion of co-ordinates from one gncl 

,vstem to another were informative, but more interesting were lists of the co-ordinates them­
;~lves showing the values of the different Armies on their respective grids. These values 
,,·ere ~sually contradictory inter se, the discrepancies being of the order of 5 _to 15 metres, 
though quite a few exceeded the latter figure. In many cas_es they were obviously the ?ld 
French positions worked into the German systems. These hsts, then, so far from lending 
much assistance to us for determining position within the German lines, in many areas 
merely added to the confusion; at the same time it must be confessed that, had they been 
captured earlier in the war, their value would have been enormously enhanced. No doubt 
on several occasions they had escaped notice amidst the general rubbish of the battlefield. 
These lists at any rate proved conclusively that the Germans on the front line had no 
better knowledge of position than the Allies, and that for surveys in their back areas they 
were much less informed--conclusions fairly obvious previous to the capture of the con­
firmatory documents. In brief, they had failed even more than ourselves to appreciate the 
supreme value of high-class surveys in modern warfare. 

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 had almost .everywhere constructed proper beacons. Had 
the positions of these, relative to points in our lines, been known with sufficient accuracy 
(heir value to the enemy's artillery and Survey Section_s would have been vastly greater than 
it actually was. Nevertheless they were of very considerable value to the Germans and it 
was_ not un~il our surveyors and battery comm':~ders had actually seen them that th~y fully 
realised theu ad~antages. In some _few l_ocahties t~ey were replaced by the tall timber­
bra~e_d towers which h:ive been used in various countries for national surveys, particularly on 
prames and great plams. The_ Germans probably used these as much for determining bear­
mg as for more purely surveymg purposes. Had the German retreat been slower their 
beacons would have been of much more value to their forces. 

SECTION IV.-GER:\IAXY. 

1. Triangulation in Prussia and the Rhine Provinces. 
The prospect of :in advanc_e into German_Y, which became clearer in the autumn of 1918., 

le? to th~ correspondmg n_ecess1ty for becommg fully acquainted with the condition of the 
tr~angulallon of Ge"!'a':1y m gen_eral and of. the Rhine Provinces in particular. Regarding 
tins, abundant descriptive material was available ; description and actual figures are not 
however, one and the same. '· 
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The primary triangulation of Prussia, including the Rhenish Provinces, was available 
;n 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 he found in the British 
Museum and not in the War Office itself, at any rate went to indicate that war with Germany 
was not reckoned as an immediate probability. The British Museum possessed all the eleven 
volumes of the Hauptdreiecke. which included the primary stations of Prussia, and in addi­
tion about an equal number of Zwischenpunkte, with data for some points of lower 01ders. 
It also possessed twenty of the twenty-four volumes of the Abrisse, Koordinalen und Hohen 
of the Prussian Landesaufnahme. We were subsequently able to obtain Vol. XXI. The 
remainder were not generally published. The twenty-four volumes of the Abrisse contain 
the whole of the information necessary for a practical trigonometrical knmvled~e of Prussia 
and the Rhine Provinces. 

For the Rhine Provinces there was, in addition, the triangulation of the Geodetic In­
stitute of Prussia. This triangulation, which included a few secondary points, extends from 
.Bracken, near Magdeburg, westwards to the Dutch Frontier at Roermond and Ubagsberg 
and southwards to Rothfluh and Lagern in Switzerland. 

Besides these triangulations there were to be found a few references to other work and 
b, points of the triangulations themselves. Volume XXI. of the Abrisse gave all the points 
in an area east of Coblentz. The Army of th~ Rhine has since been in a position to supple­
ment 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 some others not hitherto mentioned. The following table shows 
that, with the exception of the old surveys in Bavaria, Baden and Hesse, the primary 
Lriangulation of the area considered, involving the greater part of Germany, is of a high 
order of accuracy. With the triangulations in Baden, 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. 

Prussia, East, Bessel's Arc 
North, Baeyer's Coast Trig. 
Landesaufnahme, Period I. 

,, Geodetit Institute 
II. 

Nassau, Oderheimer 
Hesse, Schleiermacher & Eckhardt 
Baden, Tulla, Klose & Rheiner .. . 
Wurtemburg, Bohnenberger .. . 

,, Baur, Schader and Hammer 
Bavaria, Soldner, v. Orff and v. Bauernfeind 

Schwerd ... 

I Number !Mean Square 
Date. 1 of Error of 

, Triangles. Angle. 

l;~::-1 29 + 0·69 
I 1837-46 148 - ·56 

1839-75 367 ·54 
1875-99 205 ·37 
1860-82 137 ·77 
1853-63 15 ·78 

I 1808-40 15 I""" 
I 1816-50 86 1·59 
I 1818-30 6 ·87 

1872-91 6 ·47 
1804-54 339 q8 
1800-21 4 .74 

1,357 ~1·09 

3. Projections in Germany. 
The Allied Forces were barely interested in the proj_ection systems of Germany, except 

for a few points for which we ha~ rectang;ular co-or?m~tes only. The system of '.he 
Landesaufnahme is a double projection, the idea of which 1~ due to Gauss. Ga~ss sho" erl 
how points on the spheroid might be projected orthomorpb1cally on the sphere, fr_om _the 
•phere they are then projected on a plane by the now well-known formulre of the Cylm_dnc~l 
Orthomorphic, known also as the Gauss Conformal projectio':· The dou~le proiection . is 
not worth the trouble-certainly barely worth all the mathematics that ~chre1ber _spent on its 
elucidation. In the change from the spheroid to the sphere the error is very shght even at 
fairly long distances from the origin; practically all the error occurs, as one would expect, 
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. h from the sphere to the plane. The projection is meridional, ~nd therefo~e 
1Jl the c a_nge . includin the Rhine. At Metz, for example, the !meal er~or JS 

m?st 
0un!f!~it ::Jci~~~1~~ show its~lf on a map. The projection is therefore so unsmtable 

1 · 28 • . 1 th t it has had to be supplanted by local systems referred to local for the country m genera a G · · · F 
· · d here no doubt we see the explanation of the numerous erman orrg1r:is m ranee. 

ongms'i:.l 5 ste~s are in' general Cassini, but we have the Gauss Conformal 1n Hanno1:er 
~Js~he Coniral Orthomorphic in Mecklenburg, while Anhalt boasts of a Transverse Cylm­
drical Orthornorphic projection. 

4. Co-ordination of French and German Triangulations. 
The geographical co-ordinates, when obtainable, w~re used in all c~ses f~r t~e purpose 

of transforming from the German to the Lambert Conical _Orthomorp~rc l(roiectror_i of the 
new French map. The Germans had adj_usted the connections of therr tnang~latron both 
with France and Belgium; consequently rt was easy to cor_npare common pomts. T~ere 
were four points in common with the new Parall~l ?f Pans. When t_hese Fren~ pomts 
,•·ere reduced to the old origin and the old spheroid m the manner previously descnbed the 
following differences were obtained :- · 

Latitude: German-French= + 1.43" 
Longitude: = + 20° 001 10.17 11 

The large longitudinal difference arises trom the fact th~t the Germa'.'s reck'?n tl~eir longi­
tudes from some position in or near the island of Ferro m the Cananes, whrch rs conven­
tionally considered by them to be 31° west of Rauenburg, the origin of the Prussian system. 
The French formerly had taken Ferro 20° west of Paris; the origin is now, of course, of 
mere historic interest, having been adopted medirevally to divide the eastern and western 
hemispheres. 

Since the old French survev included the Meridian of Strasburg in Alsace-Lorraine, • 
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 ( 1871) 
Franco-German frontier (near Donon and Bressoir) the differences were :-

Latitude: German-French+ 1.25• 
Longitude : + 200 001 10.8011 

As the conversion of the new triangulahon of France to an obsolete spheroid could be con­
sidered as only a temporary measure, necessitated by the exigencies of war, and as the 
German points in Alsace-Lorraine will some day be incl.uded 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 discrep_ancy between the old and the 
new converted French values is not very serious. As a result there is no change on the 
French map as one crosses the frontier. The French themselves suggested "about 
20° 001 rr 11 ," and were quite willing to adopt· our values. The Americans, following an 
older French note, adopted an even 20°. 

The German geographical co-ordinates are projected on the Bessel spheroid ; had we 
neglected the change of scale and azimuth, it would not have been difficult to haYe drawn 
up a table for conversion from the 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 on the Carte de France, while the 
Lam?~rt rect_angulars a~e on the Du Plessis spheroid, and that the whole adjustment is so 
provrs10nal, 1_t was considered that 'Yorks of· supererogation were hardly consistent with war­
fare; ·accordmgly, Bessel geograph1cals were accepted as they stood and converted to the 
French system by means of the figures given in the second place above. 

5. Co-ordination of Belgian and German Triangulations. 
The comparison between German and Belgian geographicals gave the following results : 

Latitude: German-Belgian+ 1.71" 
Longitude: ,, ,; + 220 021 09.23• 
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It has _already been shown that the longitudinal difference is in very fair agreement with the 
geodetic difference to be expected at the Belgo-German frontier between Paris Observatory 
and the old Brussels origin. As for the latitude we find :-

Latitude : French-Belgian = + 0.46 11 = + 1.4'' 

Since on the Franco-Belgian frontier we saw that old French latitudes were constantly greater 
than Belgian by :f- 1.7 11 , we have here ano~her excellent agreement. Indeed, these figures 
~ot o~ly Jen?. weight to the old French latitudes, but to the Belgian and German triangula­
tions m additi~n. Had the latter ~een reduced to the Carte de France spheroid, it would 
have been possible to make comparisons of much more value. But even as it is the other 
agreements are so good that the longitudinal difference between old France and Belgium in 
the neighbourhood of Bouillon seems the more surprising. 

SECTION V.-WORK IN THE FIELD. 

1. The First Surveys. 
The first surveys in the field were carried out by the Ranging and Survey Section. As 

already explained in Part I., 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 time 
accepted as sufficiently accurate. The area dealt with lay between Wormhoudt and Bethune. 
It was not foreseen at that date how greatly the area to be surveyed would increase, nor was 
it possible to anticipate the many complications that would arise owing to artillery needs and 
the discordances both within the French surveys and in their junction with others. Much 
of the know ledge that should have been in our possession from the outset was on! y gained by 
encountering these difficulties. 

Information on which to base the first survey was demanded from the Service 
Geographique and · from the War Office. The former supplied geographical co-ordinates, 
which included various errors of position or transcription. The latter gave infoimation as 
to the figure employed on the Belgian Survey (of which ours was to be an extension), 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 co-ordinates 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 inde­

pendent control. It was then that divergencies of method began, the eff~ct of which, though 
not immediately apparent, 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, being dissatisfied with results_ as 
they found them, recomputed all points in their areas, with differences of method accordmg 
to their several ideas. 

The result of these divergent and independent methods was that there were disc?rdances 
at the junction and between all the Armies (as, for example, 7 metres between First and 
Second) · that whenever an Army changed its area all values had to be recomputed ; and 
that the;e was endless unnecessary work in trying to make a plane rectangulat system fit 
either a sphere or a Bonne projection. 

Though it gradually became apparent that many difficu_lties were_ arising as. survey work 
extended, there was no one on the staff at G.H.Q. who had either the time or the exp~rt kn?w­
ledge to deal with these questions as a whole, and e'.cercise a con!rol on the mathematical side. 
It was not until the last year of the war that a tramed geodesist . was add~d to the staff 
through the medium of the Depot Battalion. Had he been available earher many of the 
troubles that arose would have been avoided. 
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3. Lessons of Experience. 
The lessons to be drawn from the above experience are evidently that the stud_y of the 

geodetic problems of a country form a necessary part of the preparation for wa_r .. Such a 
study should be carried on in peace time for all_ theatres where modem warfare is hkel;r or 
possible, so that all data and necessary rnformallon should be r_eady to hand whe~ required. 
The Geographical Section of the General Staff should be ready with accurate geodellc mforma­
tion on the outbreak of war, and in addition to this, the Survey staff in the field should 
include a competent geodesist with a small staff to deal with all geodeti'? question~ as affected 
by local conditions and need~, and . to advise on and co~trol _ mathemallcal questions, and to 
initiate such survey work as is reqmred by the general s1tuallon 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 quoted. It was necessary for the preliminary calculations to know 
the position of the Belgian origin, its longitude from Paris, and the Belgian and French 
figure of the earth. Accurat7 information on th_ese points _wa_s not f'?rthcoming, simply 
because it had never been realised that such essenllally geodel!c mformallon could have any 
possible military value. Had the information been available at once, it would have saved a 
large amount of labour and time in the field. 

Again, with regard to the utilisation of the new triangulation of France (see II.3) a 
competent geodesist on the staff at G. H.Q. would have realised the necessity for pushing up a 
first class survey from hehind from the earliest possible moment. It should be mentioned 
that it was suggested by Colonel C. F. Close, Director General of the Ordnance Survey, that a 
primary chain of triangulation should be observed along the front. The suggestion was con.· 
sidered, but though it was thought desirable it was not he!d to be essential, and as it would 
have involved the employment of arlditional personnel it was decided (erroneously as later 
experience proved) not to carry it out. There is little reason to doubt that had a geodesist been 
on the staff at the time, able to devote all his time to the consideration of the complicated 
questions involved, the matter would have been viewed in a different light. 

Note 1.-The Old Bases in France. 
. it w~s considered by Del"fi!bre that the base of Melun reproduced itself through the 

~nangulat1on on t_h~ base of Perp1gnan to an accuracy of about one-third of a metre. When, 
uow~ver, the mend1~n of Fontambleau was subsequently measured, it was seen that the con­
necllon bet,~een Pans an? Bourges "'.as not so good as had been expected from the old arc. 
The connecllon vza Fontarnbleau considerably reduced the discordance between the Melun and 
_llord_eaux. ~ases, but on the other ha!"d that between Melun and Perpignan was greatly 
mcrea~ed , m fact, the length of Perpignan computed from Melun through the meridian of 
F ontarnbleau was f_ound to be_ r.8 metr_es greater than its length as measured on the ground. 
Discordances of this nature, if not this amount, are of common occurrence in the general 
surveys of countries. 

Note 2.-The Old Azimuths in France. 
A[ter recomputatio!'s the discordances between the astronomically · observed and 

geodellcally computed azimuths of the old meridian of France were found to be as follows:-

Point 
Station. observed. Az. obse1ved. Az. computed. o~c 0 II II II Dunkirk Watten 25 19 36.3 Pantheon 42.r + 5.8 Belle-Assise 274 47 54.0 54.0 Bourges Dun-le-Roi ,329 10 41.3 73.6 Carcassonne -32.3 Nore 201 18 58.0 97.8 -39.8 

The 1eality of a rapid growth f d' d b · 
facts adduced b c b f O isco~ ance et~een Pans and Bourges is supported by the 

northern portion ~f ti::r":~eei::~n~~~:~~y ;,,h~~~eh:::n ~~:"be~~densed in Note 1. The 
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Note 3.-Spheroids of Reference. • 
The old standard of length in France before the Revolution was the Toise of Peru, which 

according to convention contained 864 " Paris lines." The Metre, declared by the Decree of 
1791 to be the 10-millionth part of the meridian quadrant, was provisionally assumed to have 
a length of 443.44 Paris lines. The meridian of Dunkirk was measured primarily with a view 
to 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 
Paris lines. An etalon constructed in platinum as nearly as possible equal to this length, 
which was described as the " true and definitive " measure of the metre, became known as 
the Metre of the Archives. It was supposed to have a length at o° Centrigrade, which bore to 
the length of the Toise of Peru at 13° Reaum ur ( = 16¼° C.) the ratio 443,296 : 864. In 
terms of the Metre of the Archives accordingly the meridian quadrant was 10,000,000 metres 
in length. The Commission in deciding on this measure had assumed the ellipticity to be 
I :334. 

Delambre himself subsequently discovered some small errors, both in his own calcula­
.tions and in those of Bouguer and Lacondamine on the Peruvian Arc. The revision resulted 
in a length for the metre at o° C. of 443,328 Paris lines. The etalon having already been 
constructed, Delambre had to say that the meridian quadrant contained 10,000,724 metres of 
the archives. 

A Roya' Commission in 1820 decided that an elliptidty of 1 : 308.64, derived again from 
the measures in France and Peru, should be adopted for the spheroid on which the new 
map of France was 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 and 10-million 
metres for the quadrant; but Puissant, rightly clinging to an ellipticity of , : 308.64, modified 
the Du Plessis spheroid according) y. With this emendation, the spheroid became known as 
the Du Plessis Spheroid Reconstituted. 

While the spheroid of the Carte de France was used for all purposes in Belgium, in 
France it was used. for the geographical co-0rdinates only; the rectangular co-0rdinates 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 Reference. 

~-

Carte de France 

Logarithms 

Du Plessis Reconstituted 

Logarithms 

Bessel 

Logarithms 

Clarke ( 1880) 

Logarithms 

I :Major Semi-axis 1· 

metres. 

6,376,985 

6·8046 15395 

6,376,523·3 

6•8045 83951 

6,377,397· 15 

6·8046 43464 

6,378,249·2 

6·8047 01484 

Reciprocal of 
Ellipticity. 

308·64 

n105 4779 

308· 64 

7"5105 4779 

299· 153 

7"52p 0691 

293·465 

7'53.24 4369 

GENERATORS OF TANGENT CONE. 

b' I or (1-e') 
a' I 

0·9935 3045 

9·9971 8u85 

0·9935 3045 

9·9971 8u85 

0·9933 2563 

9·9970 9164 

0·9931 9650 

9·9970 3518 

Meridian 
Quadrant 
metres. 

10,000,724 

10,ooQ,OOO 

10,000,856 

10,001,869 

Bonne Projection - Lat. 56• ............. .. R, 5,285,661·44 metres. 

= 5,453,601·7 Lambert ,, - Lat. ss• .............. . 



APPENDIX II. 

LEVELS. 

1. Importance of Subject. 
The uestion of accurate heights and contours became of increasing importance a~ the 

war progr~ssed and accurate methods came more into vogue. Large scale maps for Arhllery 
use lost half their value if the contours did not sho,y heights and !\round forms _accurately;_ 
and with the development of observation for rangmg, and espec1.ally of rangmg on a1~­
bursts this point was accentuated. The queshon was also of great lDlportance to the Engi­
neers,' whose work included accurate levelling for drainage and inundation purposes, and had 
frequentlv to be based on, or checked by, the local bench m~rks. . 

The' basis of the hcights and contours on the maps _bemg the levellmg systems of the. 
country, this led to an investigation of these systems, and 1t was found that the_re were several 
existing, which differed from each other and all of wh1c_h w_ere not equally ~ehable. 

The available information was collected and embodied m a form convenient for refere~ce 
in "Notes on Levels in Northern France and Belgium,'.' which may be referre~ to for details. 
It will be sufficient here to recapitulate shortly the different level systems m the area of 
operations. 

2. Levelling Systems in France and Belgium. 
France. 

Nivellement General (Systeme Lallemand). A modern system of the first order, extend-
ing all over France. . . 

N,vellement General (Systeme Bourdaloue). An older system, with errors whICh vary 
according to the locality, and which in Northern France gives heights nearly a metre too great. 
It also extends all over France. 

Belgium. 
Ntvellement General de Precision. A first order system, but consisting only of a few main 

lines of levels. 
Nivellement General du Royaume de la Belgique (also called "Depot de la Guerre" or 

":f::tat Major" system). A system which extends all over the country, and on which the 
topographical maps are based. It is believed to be good, but as it has no bench marks it cannot 
be classed as a precise system. 

Ponts et Chaussees. Said 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 

different datum points, which must be studied before the levels can be utilised and com­
pared. Besides these systems there are various supplementary bench marks and systems · 
while tide rise is referred to a different datum for apparently everv French port. ' 

It is evident then that before levelling systems and records o( the country could be used 
for_ accurate work ~n intimate study was required, to enable comparisons to be made, errors 
eshmated, the relation between sea and land heights established, etc. This study had to be 
extended to the maps of the country to determine the value of the levels and contours shown 
thereon. 

The method by which ma~s of _forward areas, which could not be surveyed on the ground, 
were contoured has been descnbed m Part I., Chapter 1. As mentioned there, the lines of 
levels of the French systems, though valuable as a control, afforded little help in determining 
ground forms, as they are confined almost entirely to roads, canals and railways. 
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APPENDIX III. 

MAP REFERENCES. 

1. Early History. 

The need for some means of ~escribing the positions of points simply and accurately 
first arose dunng the battle of the Aisne, and the maps then in use (r/80,000 and reproduc 
trons of the ;11ew r / 50,_ooo) were m a few cases overprinted for this purpose with small 
squares covering ~ port10n of the sheet.. The product10n of r / 20,000 maps (enlarged from 
r /80,000) was bemg taken up at that llme,_ and it was deci~ed_ to print on them a regular 
system of. squares. The meth~d of descnbmg posit10ns withm a square by co-ordinates 
measured m tenth_ parts _of a side was suggested by _Brig:-Gen. Fanshawe, R.A.; it was 
adopted and came mto universal use. The system of designallon of squares was that with which 
we are_now generally familiar, namely, to describe a large square or rectangle of 5,ooo to 6,ooo 
yard side by a letter; a r,ooo 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 Artillen. All the 
-Officers consulted were insistent on the need for squares measured in yards. It was not suffi­
ciently realised that the square is a means of location, not of measurement, and that its size 
is therefore immaterial. The r,ooo yard square was adopted, however, with the result that 
the grid did not fit the sheets, whose dimensions were in metres. 

2. Relation between Map Reference and Survey Co-ordinates. 
The use of rectangular co-ordinates began at the same time that the practice was adopted 

of identifying points by " map reference," that is, by some method of measurement, instead 
<>f by topographical description. The two are not necessarily the same. 

Rectangular co-ordinates are us.ed for the abS-Olutely precise defiruition of position of points, 
,uch as trigonometrical stations or artillery positnons or targets. It is necessary to be able to 
calculate distance and bearing between such points, and they are therefore fixed by their 
rectangular oo-<>rdiinates measured east and north* from a common origin. 

Map reference is some system whereby the position of a point may be described simply 
and quickly with sufficient accma~y for the purpose of a report, of communication between 
aeroplane and battery, or of similar requirements. It does not necessarily prov:ide the in­
formation whereby distance and bearing may be calculated either exactly or approximately, and 
it is not necessary that it should do so, though it is convenient. Further it is not necessary 
that the reference system should be on the same basis as the co-0rdinate system. 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 was quite independent of the 
smvey co-ordinate system, and it is believed that the same was the case Wlith 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 of survey co-0rdinates, and not independent of it, 
is that the conversion from one form of description to another has constantly t-0 be 
done. For example, a target is reported from the trenches to a ~attery Commander by its 
"map position"; the Battery Commander may wish to comput_e his range,_ ~tc., and to do_ so 
he must convert the map position to survey co-ordmates. Agam, the pos_ition of a ~ann_g 
packet is given by a F.S.B. by i~s co-<>r?inates; th~ Battery Commander wJShes to m~nt10n ,t 
in a report, or give an N.C.O. mstruct10ns about it, and he must convert the co-ordmates to 
map position. 

* Co.ordinates may, .of course, be measured in any d!rection, bu~ ~t. is usual. in military 
systems to place the origin well to the south-west, to avoid any poss1b1lity of havmg negative 
~ordinates, i.e., .co-ordinates measured west or south. 
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If the reference system is quite independent of the survey co-ordinates, this conversion_ is 
a comparativelv laborious matter; the position must be put down on ~he map, and the descnp­
~ion on the other system measured. This involv~~ time, worry, and mcreased chance of error. 
This is what had always to be done with the Bnttsh system, and ma'!y office,rs must have ha_d 
ample experience of tl1e resulting disadvantages. On the other h;and 1£ th_e reference system ~s 
based directlv on the survey system, so that the map reference is a moclificahon or a?brev1-
;1tion of th,e description by survev 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 reference system (by which is meant the system used 

bv us on the Western Front) are:-

(a) That it is based on the sheet. . .. 
(b) That the location depends 01;' subd,~tsion of squares (or rectangles). 
(c) That a grid based on yards 1s apphed to metnc sheets. 

(a) Sheet Basis. 
(a) Takini the sheet as the basis of the reference ~ystem is not nec_essarily a disadvantage. 

It has some conveniences. The sheet conveys a defimte i1dea of locality, and the knowledge 
that a point is sihiated in Sheet 28A gives you a clear idea at once of _its approximate position. 

On the other hand nt is better not to be too much bound by the· idea of the sheet. A 
re,rular series of sheets is a convenience, but only a convenience. Operations take place in 
ar~as which have no definite relation to sheets. For this reason it is often necessary to make 
up special sheets, to suit the area concemed. In such a special sheet the arrangement of the 
squares is upset and it becomes evident that it is better to connect squares in one's mind wli.th 
areas only, and have them independent of sheets. 

This point is referred to again in para. 5 (d). 

(b) Location by Sub-Division. 

(b) The method of locating by sub-divli.sion of squares is of considerable importance. 
Bv this expression is meant the location of a point first wli.thin a large square, then within a 
smaller square in that large square, and finally in a sub-division of that small square. Thus 
we speak of a point as being in A.25b, narrowing the location with each successive letter or 
figure <lenoting a square. -

Now this method is based on a principle which is totally different from that of co­
ordinates measured from a common origin, and this means that our method of map reference 
could never be made to agree with the survey co-ordinate system. There is no sort of relation 
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 notMng whatever to do with the size of square adopted. 
Had_ we used kilome~re· squares, and adhered to the same method of locating by sub-division, 
pre=ly the same difficulty would have occurred. 

_The fin'!1 l?cation of a point is of course effected in the British system by measuring co­
ordmates w,thm the smallest square; but that does not affect the princ,ple de&eribed 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 a~opted, which was that of the Belgian series. If a grid of 1 ,ooo yd. squares 
be_ draw!' s?.""eti:ically on a I/ 40:000 sheet (measuring 32 x 20 km.), i.e., with its central 
pomt comc1dmg with the central pomt of the sheet, it will be found to project almost exactly 
500 yds. on the east and west edges, andabout61 yds .. on the north and south. By dropping 
one ro~ of 500 yds. squares on eas~ and west, we can make the grid coinolde on these edges; 
and this 1s what was done. It will be seen on examination of a 1 / 40,000 sheet that only 
one-half of the 1,000 yd. squares on the western and eastern edges appears, 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 h?wev_er the g,iid_ pr?jects over th_e sheet edge by some 61 yds. 

This misfit or proiection of the gnd is a serious disadvantage. It is always puzzling to 
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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 disad_va~tage it will be noted is due to the size of square adopted, together with the 
fact that the gnd 1s based on the sheet; and has nothing to do with the principle of reference 
described in (b). 

4. French System. 
The essential features of the French reference system are that :-

(a) It is based on a grid which ex.tends continuously over the whole area of opera-
tions, and · 

(b) The reference is an abbreviated form of the survey co-ordinates. 

It is thus independent of sheets, and the transition from trig. co-ordinates to map 
reference, or vice versa, is simple and easy. 

The French used figures (abbreviated co-ordinates) for their map references. Thus a 
point was denoted always by four figures, as ,,z87. This involved an assumption as to 
the area in question (which could only be denoted by giving the full co-ordinates). 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 believed that this never happened. But 
when the French system was adopted by the Allies for use throughout the Western Front it 
was agreed to denote ro-kilometre squares by a letter, so that the French four-figure refer­
ence became A 3287. This small addition was a precaution against errors which the prac­
tical experience of the French had possibly shown to be unnecessary. However, it was 
generally agreed to be sound, and the French themselves raised no objection. With this 
letter added, the only confusion that could arise would be with a point of similar co-ordinates 
at least 50 kilometres away-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 units of measurement are used throughout, because these were 
actually used, and the decimal division is necessary. But it should be understood that it is 
not in any way essential that kilometre squares should be used in this system. One thousand 
yard squares would do just as well, and if co-ordinates are measured in yards the squares 
must be in yards. The point of the system is that whatever units-metres, yards or feet­
are used for the rectangular co-ordinates, the dimensions of the grid squares (for map refer­
ence) must be some multiple of roof the same unit. Actually r,ooo is the most convenient 
size. 

DESCRIPTION. 
(al Grid. 

(a) The area of operations is covered with a continuous network of lines forming squares 
of one kilometre (1,000 metres) side. This network is called the" grid." The lines are drawn 
parallel to "grid " north and east, and the most westerly and southerly are drawn through 
the origin of the rectangular co-ordinates, so that each line is a certain number of kilometres 
east or north of that origin. 

lb) Designation. 

(b) Starting from the origin, every tenth grid line is emphasized. These tenth lines 
form squares of re-kilometre sid~, and each of these is given a letter. In a squ~r~ of 50-
kilometre side there are 25 10-kilometre squares denoted by 25 letters, A-Z, om1ttmg I. 

Each kilometre square is given a two-figure number, which represents the co-ordinates 
of its S.W. corner in kilometres, measured from the S. W. corner of the large-lettered square. 

Thus squares are known as follows :-

Large (10-kilometre) squares by a letter-A. 
Small (1-kilometre) squares by a number-19. 

M 
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meed on the map Along the margin of the map arc 
These letters and nu_mbers are pr h d -~tance in kilometres of each grid line east or 

printed also nill?bers which repr~s~nt the t~is number in full, while the intervening lines 
north of the ongm. Every tent_ me ':J" ) 
are numbered one to nine (see Figs. I an 2 . 
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(c) Description of a Point. 
(c) The position of a point is described bv its co-ordinates in the large lettered square. 

Fig. 3. 

p 

19 

Suppose the co-ordinates of a point P in square 19 to be 3, 4, measured in the usual 
way by taking so many tenths of the side east and north. Since a tenth of a kilometre 
side is 100 metres, this means that P is 300 metres east and 400 metres north ?f the S-VI:'· 
corner of square 19. Now the number 19 means that the S.W. corner of thlS square IS 
1 kilometre east and 9 kilometres north of the S.W. corner of the big square. Therefore 
the co-ordinates of P in the big square are (in metres) 1,300 east and 9,400 north, and the 
map reference of point P is A 1,3 - 9,4. 

If we want to describe P more accurately we take hundredths of the square side instead 
of tenths, and use six-figure co-ordinates. 

Thus, supposing P to be 320 metres east and 430 metres north, its " pin-point" co­
ordinate are A 1,32 - 9,43. 

Four-figure co-ordinates describe a point to the nearest 100 metres and six-figure to 
the nearest 10 metres. 

N ote.-The difference between this system and the British should be noted. In the 
British you first describe the small square (by letter or number) and then give the co-



ordin~tes in the small square. In the French system the co-ordinates are given in the large 
(Jo-kilometre) square. The number of the small square is not mentioned, but it may be 
noted that it is al ways evident, as it is formed by the first figures in the east and north 
co-ordinates. Thus the point 1,3--g,4 must be in square 19. 

(d) Use of Square Letters. 
(d) The letter denoting a 10-kilometre square is adopted as a convenient abbreviation 

to show the position of the square and to save writing the full co-ordinates. Thus it will 
be seen from Fig. 1 that the square A illustrated lies between 150 and 160 east and 440 and 
450 north. Further, it means (and this is important for conversions) that every point in 
square A has co-ordinates which begin with 15 . . . and 44. . . . 

Square letters are repeated at every 50 kilometres. Thus the next square A, lying to the 
north, lies between co-ordinates 490 and 500 north (with the same easterly co-ordinates), 
and all points lying within this square have co-ordinates beginning with 15 ... .and 49 .... 

The letter should always be given if there is any risk of confusion with an adjoining 
oquare, and if there is any risk of doubt as to which lettered square is meant, the 1 / 40,000 
sheet should be given. 

Square numbers within a 10-kilometre square are all different, and no mistake can be 
made between them. 

It will be seen that in this system the square letters are not repeated on every sheet, 
as was the case with the· much smaller squares on the British system. A 1 / 40,000 sheet 
measuring 30 by 20 kilometres (the normal size) would include, say, squares A, B, C, F, 
G, H, the sheets adjoining it in the south would include squares L, M, N, Q, R, S, 
while that on the east would have squares D, E, A, J, K, F. The square letter thus 
fimply conveys the idea of a certain area, quite irrespective of the sheet on which it falls 
(see remarks on this subject in 3 (a)). 

(e) Map References. 

(e) The map reference of a point must always be given by not less than four figures. 
Thus while a square is known as 47, the point at the S.W. corner of the square is 4,0--7,0. 

It was decided by the Inter-Allied agreement that in reports a stop or comma should 
always be put after the figure denoting kilometres, and a line or dash between the east and 
north co-ordinates, so that references would be written in any of the following forms :-

1,3--g,4; 4.57-6.8.,; 3.21/5.42. 
This arrangel)lent is logical, as the co-ordinates are actually kilometric co-ordinates­

that is to say, co-ordinates expressed in kilometres and decimals of a kilometre. The pre­
caution is however, perhaps rather over-cautious when it is remembered that the first figure, 
and the first figure only, can represent kilometres. In other words, it is impossible when 
describing a point by co-ordinates within a 10-kilometre square for the kilometres to reach 
double figures. The method of writing is, however, very clear and might be adhered to. 

It was agreed that map references printed or written on maps should always be four­
figure, and written without comma or dash thus-3428. 

6. System Based on Survey Co-ordinates. 
The above description shows how map references are given. When exact co-ordinates 

are required for calculations the full figures must be given. Thus for the same point P the 
co-ordinates to the nearest metre might be :-

151,32., East; 449,432 North. 
It will be seen that this system of map reference is based directly on the survey co­

ordinates of the point in question. The same figures (with certain exceptions mentioned 
below) appear throughout, and the map reference is obtained by omitting figures that are 
unnecessary. . . 

This can be seen by the following example, .which shows the way m wh1c'1 figmes are 
gradually dropped as the description becomes less and less precise :-

East. North. 
Trig. Co-ordinates ... 
Map References :-

6-figure (pin-point) 
4-figure ... 
Kilometre square 

A 1,32 
A 1,3 
Ar, 

449,432 

9,43 
9,4 
9, 
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In certain cases the same figures do not appear throug_ho~t. For example, if a co­
ordinate is 449,999 the nearest figure to this for the abbreviation. is 450,000. Cases will 
occur also where the square quoted in the six-figure reference 1s different from that in· the 
four-figure. 

Examples of changes in figures and letters are given below :-

Rect. Co-ordinates. Map Reference. 

164,379 
167,998 
169,990 
159,998 

438,228 
442 ,991 

441,002 

439,982 

6-Figure. 
G 4,38~8,23 · 
B 8,00-2,99 
B 9,99-1,00 
G 0,00-9,98 

4-Figure. 
G 4,4-8,2 
B 8,0-3,0 
C 0,0--1,0 

B o,o--o,o 

Note the third and fourth examples. In the third the point lies so near to the eastern 
edge of square B that the four-~~r_e reference (whi~ ~ives t~e position to the nearest r_oo 
metres) must be given in the ad101mng square C. Sumlarly, m the fourth case, the pomt 
lies in the extreme north-east of square F. The six-figure reference must be given as if it 
iay on the western edge of square G, and the four-figure as if it were the extreme S. W. 
point of square B. 

7. Map Reference in tlie Future. 
The circumstances which led to the adoption of the French system and the advantages 

which it has over ours have been treated in some detail, as it is necessary for future guid­
ance to understand the reasons for the change. 

In any operations precise location m~y at some time or another become necessary. 
Whenever it is possible, therefore, the Alhed system of reference should be adopted from 
the outset. There will then be no subsequent changes and confusion. This, of course, pre­
supposes that ther_e is a trigonometrical system in !he area of operations and a scheme of 
rectangular co-ordmates. It should be the first busmess of the Survey Staff to see that such 
a system, if it does not already exist, is initiated on sound Jines. 

8. Improvised Methods. 
There will, however, be many cases in which such a system is not possible or is urmeces­

sary: . Small operations carried out on small scale maps do not require methods of great 
prec!Slon. In these cases it is always possible to devise a simple method of map reference 
by squares or rectangles and " tenth " co-ordinates-that is, so many tenths east and so 
many north measured from the S.W. comer. Such a method of reference is always simpler, 
quicker, and less liable to error than a topographical description. 

All that _is necessary_ is t~at the map should be covered with a system of squares or 
rectan&les which C";" be 1dent1fied by letters or numbers, and the reference for a point is 
then given by quotmg the square letter or number and the " tenth " co-ordinates in the 
square. Squares may already exist on the map. On most maps if there is not a system of 
squares there is a " grid " formed by meridians and parallels, and these are often near 
enough to the rectangular to serve the purpose. A case in point is the r / roo ooo map of 
France and Belgium. ' 

If there is no existing grid, one should be overprinted or drawn. 
If squares are denoted by marginal letters and numbers, as is often the case it is best 

to make the rule t~at the !"'~ber should be written first, thus : 9B. Then, if c~-ordinates 
are added to describe a pomt m the square, the figures of the co-ordinates are divided from 
the square ~umber by the_ square letter, and there is less chance of confusion. Thus, to 
aenote a pomt, 9B.43.28 IS better than B9.43.28. 



APPENDIX IV. 

COURSES OF INSTRUCTION. 

SECTION !.-SURVEY. 

1. General Survey. 
Object.-Instruction of additional officers and o.r. for survey work with Field Survey 

11attalions in the field. 
Duration.-6 weeks. 

SYLLABUS. 

Use and adjustment of instruments. 
Solution of a triangle; plane rectangular co-ordinates. 
Re-section, by trigonometrical, graphical and differential methods. 
Geographical co-ordinates; conversion into rectangular spheroidal and vice persd. 
Bonne Projection. 
Astronomical observations for time, latitude and azimuth. 
Simple adjustment of figures. 
Railway Survey. 
SUTVey of a Sound Ranging Base. 
Survey of a Battery position. 

Practical Work. 
The trig. survey of an area {rect. co-ords.). 
The survey of a battery position. 

a S.R. base. 
a railway curve. 

2. Sound Ranging Survey. 
Object.-To train at least one officer in each S.R. Section to survey microphone bases. 
Duration.-One month. 

SYLLABUS. 

First Ten Days. 
Use and adjustment of theodolite. 
Rectangular oo-ords. and solution of a triangle. 
Theodolite traverse. 
Reduction to centre. 
Computation of a simple triangulation. 
Trigonometrical re-section. 

Remainder of Course. 
Officers were divided into groups, and each group laid out at least 3 full-size S.R. bases. 

During this period lectures were given on differential and graphic re-section, azimuths, 
battery fixing, and also on other subjects connected with Survey work in general. 

The "Deflection angle" method was usually adopted for computing co-ords. of micro­
phones. 

Data. Deflection angle. 
Length and approx. bearing of long chord. 
Distance between micros. 
Approximate oo-ords of r micro. 

The microphones were then fixed approximately by triangulation and re-section, and 
·finally by short traverses. The usual checks were applied. Officers were also taught a rapid 
differential method of fixing. 



Duration.-17 day,. 

1st Day. 
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SECTION II.-SOUND RANGING. 

1. Officers' Course. 

SYLLABUS. 

MORNING. • • . d he I eh" d Lecture.-Afm of sound rangmg, its history an t resu ts a 1eve . 
Outline of method of working and statement of the fundamental proposition. 
Methods of plotting. 
Deduction of formula for asymptote method. 
Practical.-Plotting easy films for all. 

AFTERNOON, • 
Description and simple explanation of the instrument. 
Arrangement of base. A microphone emplacement is shown. 

2nd Day. 
MORNING. • d ff · f Lecture.-Necessity for eorrection. Standar~ sound velOC1ty an e ect on 1t o meteoro-
logical condit,ions. ]?eduction ?1" fo':llluhe for wmd and temper_ature correction. 

Practical.-Plottmg film with wind and t""1.perature correction. 

AFTERNOON. 
Practical.-Construction of correction tables from the .formula,. 

3rd Day. 
MORNING. 

Lecture.-Times of flight, plotting bursts by method of circles. Asymptote corrections. 
Practical.-Film illustrating the above. 

AFTERNOON. 
Lecture.-Order of accuracy. Effect of wind and temperature correction. 

4th Day. 
MORNING. 

Lecture .-General description of phenomenon of shell wave. Simple diagram illustrat­
ing the order of hearing the shell wave and gun wave. Geometrical construction for shell 
wave. 

Practical.--Construction of shell wave diagram for a special case and the determination 
of the type of film given by the example taken. 

AFTERNOON. 
Plotting examples of guns. 

5th Day. 
MORNING. 

Lecture .-Shell wave-gun wave intervals. Dependence on position of observer, range,. 
etc. Bertrand's graphs, their construction and use. 

Practical.-Plotting examples of guns. 

AFTERNOON. 

Plotting. 

6th Day. 
MORNING. 

Lectu~e.-Detailed description of instrument and microphone and diagram of wiring . 
. Pracllca_l.-Ope group. Erecti!'g and_ adjusting instrument. One group. Making ex­

periments with. microphone, measurmg resistance, etc. One group. Reading film. 

AFTERNOON. 

Proctical.-As above but with groups interchanged. 



7th Day. 
MORNING. 

Lecture.-German artillery and shells. 
Practical.-Erection of instrument, experiments with microphone and reading film. 

AFTERNOON. 

Practical.-As above. 

8th Day. 
MORNING. 

Lecture.-Ranging. Exp_la~tion of differential principle. Discussion of ellipse method 
and proof of formula. Orgamsatnon of a shoot. M.P.I. method and its advantages. 

Practical.-Examples of ranging film. 

AFTERNOON. 
Practical.-As above. 

9th Day. 
MoRNrnG. 

Lec/t,re.-Maps and drawing the plotting board. Brief description of 1/40,000 

sheet and system of grids and overlap. Plotting points on a board from their co-ordinates. 
Calculation of a point on the right bisector. Tangent method and sine plotter method. 
Gridding a standard board. 

Practical.-Drawing a Plotting Board 

AFTERNOON. 

Practical.-Drawing a Plotting Board. 

10th Day. 
MORNING. 

Lecture.-Corrections by a Wind Section. Explanation of need of a wind section. 
Method of working and deduction of effective wind and temperature from the records. 

Practical.-Working out Wind Section films. 

AFTERNOON. 
Practical.-Drawing a Plotting Board (continued). 

11th Day. 
MORNING. 

Lecture.-Types of break. Theoretical form, influence of container. Damping. Wind 
screening. Effect of meteorological conditions. . . 

Practical.-AII film reading. Finish up class films and start day's films 1f ready. 

AFTERNOON. 

Practical.-As above. 

12th Day. 
MORNING. 

Lecture.-Organisation of Section. Personnel, choice of headq~arters and base. Up­
keep of lines. Keeping of records and preparation of reports. Hostile ba_~tery maps. 

Practical.-Explain method of taclrling the day's fiims. Spee1 essential. Three groups 
start on the day's films. The remair1<:ler work on test and balancing board. 

AFTERNOON. 
Practical.--Continuation of above. 

13th Day. 
MORNING. 

Practical.-Da.y's films. Test and balancing board. 

AFTEPNOON. 
Practical.-As above. 
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14th Day. 
ALL DAY. 

Practical.-First groups should finish day's films. Work on lines, location and repair-
ing of faults. 

15th Day. 
General work on instrument, balancing b•,ard and line testing. 

16th Day. 
General revision. 

17th Day. 
Examination. 

2. Computers' Course. 
Duralion.-14 days. 
Syllabus similar to Officers' course, but more elementary, see Part II., Chap. 3, II., 15·. 

3. Mobile Course. 
Object.-To afford practice in the speedy and efficient installation of a Section on a 

new base. 
Duration.-8 days. 

General Scheme. 
The scheme was to drill the Section in :-

( 1) Selecting microphone positions and 0. P. 
(2) Wiring up these points to Headquarters. 
(3) Installation of apparatus at Headquarters. 
(4) Surveying microphone positions. 
(5) Preparation of the board. 
(6) Coming out of action and packing up. 

After the preliminary training (see below) was finished, the Sound-Ranging Section took 
over a complete set of stores. 

The O.C. Section was given the approximate position .of the 4½ x 35 second base which 
was to be laid out. He went over the ground the day before, selected the microphone 
positions and marked them on the map (not on the ground). A position for Headquarters 
was given. 

On the day of getting into action all the work was carried out by squads working under 
their N.C.O.'s. When all the microphones and the O.P.'s were through, and the instru­
ment working and the board ready, the section was reported ready for action. 

The O.C. School went over the whole installation with the O.C. Section and made his 
report, criticising the way in which the wor.k had been carried out. 

On the next day, the cable was reeled up, and the apparatus and all stores werepack~d 
and handed over to the O.C. School. 

The personnel usually available during the war was as follows :-
4 Officers (r O.C., r A.P.O., r Computing, r Instrument). 
r Q.M.S. 3 Photographers. 

10 F.O.'s. 2 Sound Ranging Operators. 
8 Linemen. r Carpenter. 
6 Computers. 1 Cook. 

3 ·Batmen. 

Transport.-1 Box-Car, 3 Cycles. 
4 A.S.C. 

SYLLABUS. 

The course was divided into four parts :­
( r) Preliminary training of personnel. 
(2) Preparation for getting into action 
(3) Getting into action. 
(4) Coming out of action. 
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(1) Preliminary Training. 
The preliminary training of personnel included courses of instruction for :­

(a) Linemen and Forward Observers, etc. (5 days). 
(b) Computers (6 days). 
(c) Sound Ranging Operators (Instrument Repairers), and Photographers (5 days\. 

(a) Llnemen, Forward Observers, 1pare Computers and Photographers (5 days). 

The Section was divided into four squads each with an N .C.O. in charge:-
One N.C.O. and three men. O.P. Party. 
One N.C.O. and seven men. 1st Line Party. 
One N.C.O. and seven men. 2nd Line Party. 
One N.C.O. and se,·en men. 3rd Line Party. 

First Day. 
MoRNING.-Practice in joints, pole-crossings, bury crossings. The men of the squad 

worked under their N.C.O., with supervision by an Officer. 
AFTERNOON.-Lecture to whole section on map-reading. 

Second Day. 
~ORNING.-Squads laid one mile of cable each, with pole crossings, buries, labels, etc. 

The time taken was checked. The work of each squad was criticised with regard to neatness 
and general efficiency of methods. 

AFTERNOON.-Map reading in the field by the N.C.O.'s. Instruction in setting a map, 
identifying objects, finding one's position on the map, and placing a picket at a special point. 

Overhaul of cable by men. 

Third Day. 
Map reading for whole section. Selection of routes. The men were given instruction 

in map reading in the field. They were given maps with certain points marked on them, antl 
told to find their way to these points and place pickets there. In going to these positions 
the men were told to pick the best routes for cable, to make a note of the number of cross­
ings, buries, etc., and an estimate of the amount of cable required. 

The pickets were recovered by other par ties who also noted the best routes as above 
and reported on position of the pickets. This afforded a good check on the work. 

Fourth Day. 
Each squad laid a mile of cable across country between two specified points. The N.C.O. 

chose the route he would follow. The work was criticised by an officer. 

Fifth Day. 
As above. 
Construction of microphone emplacements. 

(b) Computers (6 days). 
The two best computers were given a course of training in the . c_alculation of the 

co-ordinates of the microphones, given a map with their approximate positions marked, and 
in the drawing of the approximate grids on a standard board. . 

They were also instructed in the rapid construction of wind-tables and were given all 
numerical data necessary which could be worke,:l out without knowing the position of .the base. 

This was extended over 6 days. 

{c) Sound Ranging Operators (5 days). 
The Sound Ranging Operators and photographer were given the following training :-

Revision of Connections of Instruments. . 
The connections behind the board were traced out and any necessary diagrams were 

made. · d 
The connections for the test and balancing board were studied as fully as possible, an 

all terminals and leads were properly labelled. 
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A.diustmen__t of Instrument() t and photographers were trained to adjust the lens system 
The Sound-R_angmg pera ors . Th• Sound-Ranging Operators were taught how 

and the prisms qmckly and systematically. ly se;sitive and to alter the sensitivity if they were 
to test whether the harp strmgs were proper 
not. 

Testing of Lines. h h t · t t for the The Sound-Ranging Operators and photographers were ta~g t ow o give es s 
linemen en a ed in laying the line and how to test whether ~ny !me we~e through. . 

So fa~ fs time allowed the instrument repairers were mstructed m t~e faults which the 
instrument was most likely to develop, and how to overcome them. The hkely_pla~s f~r bad 
contacts to occur were also enumerated, and also the most usual causes for pmbmg m the 
automatic developer. 

(2) Preparation for Coming into Action (6th Day). 

General Programme. . . . 
Overhaul of stores for gettmg mto action. 
Test all cable. 
Test microphone grid, telephones, O.P. Key and Cells .. 
See to provision of spunyarn, stays, labels, stakes, pickets for microphone positions. 

emplacements, camouflage. 
Inspection of stores by O.C. Section. 

Details of TV ork. 
LABELLING OF TERMINALS. 

When the connections had all been properly traced out, the terminals were labelled c_are­
fully in such a way that it was ,;t once obvious which had to be connected together by wires. 
Jn the case of the Cambridge type of apparatus, the terminals aie already labelled. 

PREPARATION OF WIRES AND TERMINALS. 
(a) For the Recording Instrument and Microphone Current Leads. 

Wires of the right lengths for the various connections were cut. J .5 wire was used for 
the main recording instrument leads, and stout connecting tags were soldered on to the end of 
each wire. Each lead was plainly label1ed at each end, in order to indicate clearly the 
terminal to which it had to be connected. 

lb) From ·the Bridge Board. 
Six lengths of twisted flexible "ire were prepared for the leads from the six bridges to the 

six pairs of galvanometer terminals. To each were soldered an appropriate connecting tag, 
and each of the four ends of any one lead was labelled in the same way. The six leads 
properly prepared and labelled could then be bound together in a rope. This avoided the 
confusion produced by six separate lengths of wire, and it was the work of a very few minutes 
to make the connections from the bridge board to the galvanometer. 

(c) From the Microphone Lines to the Bridge Board. 
. It was found in p_ractice that confusion was produced if each microphone line was brought 
m separately by the hnemen concerned and connected to the bridge board. The course was 
therefore adopted of making a rope of 12 strands of S.II wire, the four ends of the two leads 
belonging to any one microphone being carefully and distinctly labelled as above. The rope 
can be connected by O'le of the Sound Ranging Operators to the test board and can he led 
outside the instrument room, where the linemen can make the necessary connections to the 
outside lines. 
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BENCH FOR INSTRUMENT . 

. The carpenter pre1,ared a bench for the instrument during the first six days of the course. 
This w_as made collapsible and_ was capable of being erected rapidly, but was also as rigid 
as possible. On the bench the mstrument was erected, the two parts placed properly in align­
~ent and the prisms adjusted. The carpenter then screwed down wooden stops along each 
side of the base board of t~e camera board and galvanometer board in such a way that if the 
table were erected and the mstrument boards were taken from their boxes and placed between 
the wooden stops on the table, the two parts would be in relatively correct positions. 

CHECKING SPARES, ETC. 

Before packing the instrument finally, the Sound Ranging Operators checked all neces-
sary spares, and any small articles likely to be forgotten, such as :­

(1) Mercury. 
(2) Prism Key, "tommies," and so on. 
(3) Spare contact springs or tuning fork. 
(4) Spare harps. 
(5) Spare lamps. 
(6) Platinum or Tungsten wire for harp repairing. 
(7) Spare microphone grids. 

(3) Getting into Action (7th day). 

r. The section went to the position chosen for Headquarters with all stores. 
2. The O.C. gave to each N.C.O. in charge of a line-party a map showing the micro­

phone positions which he had to wire up. 
The A.P. officer and N.C. officers arranged "departure points" at which wire was to be 

dumped. The parties commenced laying the wires. 
3. The O.C. then proceeded to various microphone positions which he had roughly fixed 

the day before and fixed them as a~urately as possi~le by detail. from_ the map. 
4. The N.C.O. in charge was given a map showmg the area m which the O.P. had to be. 

He chose a suitable position and his party wired it up. 
5. The apparatus was erected by the instrument repairers. 
6. From the data given t!_,em by the O.C. Section. the computers calculated the micro 

phone pos1t10ns and drew the plotting board. 
The lines were cut at odd moments during the day to represent the effects of shell fire, 

and were repaired as on service. 

(4) Coming Out of Action (8th Day). 

All cable was reeled in and stores properly packed and returned. 

Note.-Courses for S.R. Operators and Forward Observers were adapted to individuat 
requirements. See Pt. II., Chap. 3, Section II., 15. 

SECTION III.-CROSS OBSERVATION. 

1. Preliminary Course. 
Object.-Training in Cross Observation, especially of gun flashes. 
Duration.-Three weeks. 

Theoretical. 

Outlines of organisation. 
(1) FIELD 

SYLLABUS. 

SURVEY COMPANY. 
Examine:­

Maps. 

Practical. 

Battery Boards. 
Battery Lists. 
Summaries. 

(2) OBSERVATION SECTION. 

Its work and importance of keenness, vigilance and honesty of observation. 



(3) OBSERVATION, 

(a) Angle. 
(b) The circle. 
. (c) Its graduation. . 
( d) Zero point (hence R. 0. and zero 

line, etc.). 
(e) Bearing. 
(f) How to pick up new country. 

Practise stop-watch intervals, etc. 
Compass. 
Director . 
Micrometer. 
Large diagrams of scales and micrometer. 
Estimation of angles and clock code. 

(4) INSTRUMENTS IN USE. 
Director drill and work in School survey 

posts and flash range. 
(a) General principles .. 
(b) Details of construcllon. 
(c) Care and manipulation. 
( d) Graticules. 
(e) Lighting Set. 

(5) MAPS, 
Examine maps. 
Plot rays and intersections. 

-(a) Conventional signs. 
(b) A base. 
(d) Fixing new points by intersection. 
(e) North points. 
{f) The grid system. 
(g) Contours and dead ground. 

(a) Watches and synchronization. 
(b) Timing of flashes. 
(c) Recording of times. 
(d) Stop-watch intervals. 

(6) TIMES. 
Synchronize watches. 
Practice stop-watch intervals, etc. 

(7) GERMAN GUNS AND SHELLS. 
·(a) Gun, howitzer and mortar. Examine Shell and Fuze books and actual 
(b) Different calibres and velocities. shells and fuzes. 
-(c) Types of shell and fuzes 

(8) FLASHES AND PUFFS. 
·(a) Classification of flashes. 
(b) Smoke puffs. 
(c) Dummy flashes and puffs. 

Practice on flashes and puffs in 
Group. 

School 

(9) FIXING BATTERIES AND CONCENTRATION. 
(a) Synchronization of times. Flash range and School Survey Posts 
(b) Synchronization of observations. 
'(c) Bearing and time interval. 
(d) Velocity of sound. 

2. Advanced Course. 
Objeci.-Further training of N.C.O. and men who had gained experience at the front, 

to fit them for advancement. 
Duration.-Three weeks. 

SYLLABUS. 
Theoretical. Practical. 

(r) MAPS. 
(a) The framework of trigonometrical Interpolation with box sextant or director 

points and how they are fixed. and graphic solution (voluntary extra in-
(b) Co-ordinates and grids. struction in trigonometrical solution): 
(c) Compilation and reproduction of Conversion of co-ordinates to map square re-

maps and the errors to be ex- ferences. 
peeled. Construction of panoramas, sections and 

·(d) Conventional signs and scales. dead ground charts. 
(e) Contours and bench marks, fixed 

heights, angle of sight. 
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(a) 
(•) 

Instruments in use by us and 
French. 

OBSERVATION. 

the Care of instruments and how to get the best 
results with them. 

(b) 
('c) 

(d) 

The box sextant. 
Importance of accuracy of observa­

tion. 
Relation of angular to linear dis­

tance. 
(e) Classification of intersections. 
(f) Single rays and time intervals. 

Methods of overcoming defects in the in­
struments. 

(3) OTHER UNITS ENGAGED IN BATTERY LOCATION 

(a) Sound Ranging. Co-operation with thes~ Units and verifica 
(b) Aeroplanes. tion of their results. 
(c) Balloons. 
(d) Information centres. 

(4) RANGING OuR OwN GUNs. 
(a) Construction and use of graphs. Prepare graphs and give corrections. 
(b) Ranging on shrapnel bursts. 
(c) Form of report. 

(5) THE SURVEY POST. 
(a) Responsibilities, discipline, smart­

ness, etc. 
(b) Instruction of post, personnel and 

maintenance of interest. 
(c) Honesty of obse"rvation. 
( d) Construction, camouflage, and con­

cealment of_ post. 
(e) Reports from Post to Group (tele­

phonic, and, if called for, written). 
(f) Description of landscape to a new­

comer. 
(6) Tm,; 

(a) Synchronisation of observations, 
history of its development and 
alternative methods. 

(b) The Group board, hostile battery 
charts and registers. 

(c) Traces of intersections. 
( d) Telephones, switchboards and keys 

" Flash and Buzzing " ; construc­
tion and connections. 

(e) Telephones, construction and con­
nections. 

Take charge of construction and running of 
Post. 

Arrangement and orderly maintenance of 
Post. 

Reports of visibility. 

GROUP. 

Practice working Group H.Q., Plot and in­
dex active hostile batteries and make 
tracings of intersections. 

3, Computers' Course. 
Object.-To provide in the H.Q. of each Observation Group a computer ~ho will be 

able to deal with the computations necessary to rapid surveys and ranging. The idea was to 
train one of the Survey Post Observers, and so save officers' time; not to inaugurate a new 
post, as it was not anticipated that the computing work would occupy a man's whole time. 

Duration.-Two weeks. 

SYLLABUS. 

(I) Bearings and measurements of angles. 
(2) Trigonometrical ratios and their relationship to one another. 
(3) Solution of triangles. 
(4) Logarithms. 
(5) Co-ordinates and grid system, including French grids. 



(6) Computations of bearings and distances. 
(7) Cutting lines. . . . . 
(8) Preparation of map boards, plottmg trig. pomts and drawing arcs. 
(9) Computation of intersections. 

(to) Interpolation. . . . 
(.u) Preparation and use of grid fo_r artillery shoot. . 
( 12) Heights and distances, corrections and curvature and refraction. 
(13) Bearing traverses. 

4. Signalling Course. 
Object.-To teach officers the proper methods of repairs, maintenance, making connec­

tions, etc. (Note.-The references in the syllabus to sound-ranging apparatus are with the 
object of enabling Observation Group Officers to assist in the installation of a S.R. Section.) 

Duration.-F'our weeks. 

SYLLABUS, 

Tlzeory. 
(r) D.111. and Trench telephones. 
(2) General principles of external con­

nections, metallic and earth cir­
cuits. 

(3) Ladder lines. 
(4) Morse Code. 
(5) Patrolling lines. 
{6) Breaks and repairs, tests of lines 

for conductivity and insulation. 
(7) Switchboard and keys, flash and 

buzzing. 
(8) The Exchange, 

Practice. 
Practice sending messages on model group. 
Practice with tapping key, flag and signal­

ling lamp. 
Practice jointing common and special sound­

ranging wires. 
Testing lines for conductivity and insulation. 
Construction and maintenance of air lines 

and buried cables for low resistance lines. 
Manipulation of exchanges. 
Connecting up and working of special 

switchboard " Flash and Buzzing " and 
keys, " Flash and Buzzing." 

Fitting of " Tucker " microphone. 

Men's Course.-A similar but more elementary course was held for N.C.O. 'sand men. 
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APPENDIX V. 

MAGNETIC BEARINGS. 

I. The Compass. 
~he magnetic compass has always b_een a useful military instrument and was largely 

used m the war. It can be a valuable. mstrument m p~ol?er. hands, while it can be very 
dangerous when used by those who are ignorant of its hmitahons. All officers are trained 
t~ use the compass, but J?erhaps sufficient emphasis is not laid by instructors on the precau­
t10ns to be taken. Certamly, as far as the expenence of the Field Survey Battalions went 
tnere appeared to be great ignorance of the subject as much among the regular as among th; 
temporary offic~rs. An ~xa_mple, perhaps an extreme ~ne, is that of the artillery officer who 
was found laymg out his !me from a compass placed mside the bore of his gun. The steel 
helmet also proved a great trap to the unwary . 

. The F!eld Survey Battalions came _into contact with the compass mainly through the 
artillery, with whom a great part of their work lay. For the artillery accurate methods of 
using the compass are essential, and instruction on this subject was given. Many compasses 
were, however, examined also for the infantry. 

2. Compass Testing. 
When the line became stationary after the opening phases of the war large scale maps 

appeared on which accurate work could be done, and the errors of individual compasses 
began to be noticed. 

In December, 1914, and January, 1915, many compasses were tested by the First 
Ranging Section, R.E. These compasses belonged for the most part to Battery Com­
manders. 

In February, 1915, a printed circular from Maps, G.H.Q., drew attention to the 
possibility of having compasses tested and many more were examined both at Headquarters 
-of the 8th Divisional Artillery .(where the First Ranging Section had its office) and later at 
Marie Cappelle, the Headquarters of the First Ranging and Survey Section. 

In many cases it was found that the point of suspension had been damaged, and a con­
siderable number were quite valueless. 

On the formation of the Topographical Sections the practice of examining compasses 
dropped out for a time, because of the great press of work and the smallness of the staff. 
When both Corps Topographical Sections and the Observation Groups. were formed, how­
ever, the practice was reverted to, and in some cases special compass testing stations were 
formed where large numbers of compasses were examined. 

3. Bearings from Grid North. 
Apart from compass errors, an additional source of uncertainty was introduced by the 

adherence to the old principle of reporting bearings from true north. In France it became 
an established practice to report bearings from Grid North from about r917, but apparently 
some schools of training in England continued to lay down the principle of reporting bear­
mgs from true north until a late date. 

To adopt this principle on a rectangular series of maps is equivalent to inserting an 
additional plotting either in estimating the bearing or in plotting it afterwards. 

In early map 'editions the three north points-tr?e, grid and magnetic-were all shown 
in the margin of the large scale maps. It was decided later, however, to show only the 
two which matter-the grid and the magnetic. 

4. Magnetic Survey. 
Very little accurate knowledge existed before the war as to the magnetic vanation in 

N .E. France. Perhaps the best source of information was contained in the chart illustrat­
ing the "Reseau Magnetique de la France " (Monsieur Moureaux). Moreover the_ rate _of 
secular change was under-estimated. The result was that the value for the magnetic vana­
tion on our maps was too high by some 30 minutes, and the shape of the curves was not 
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good. Lieut.-Col. Keeling, of the 3rd Field ~urvey Bat~alion was the first to point this 
out, basing his argument 11pon the results obtained by testing a large number of compasses 
in the VI. Corps in May,· 1918. His estimate of the error of our figures was borne out to 
sume extent by the curves shown in the French Manual for their " Officiers Orienteurs." 

At Lieut.-Col. Keeling's suggestion a magnetometer was borrowed from Kew, and the· 
magnetic survey of the 3rd Army area fully endorsed his statements. A magnetic survey 
of the whole of our area was therefore carried out in July and August. 

Observations were made at eighty-eight stations with Kew magnetometer No. 140. The· 
usual methods were followed, the magnetometer being set up, with the aid of a theodolite, 
on a line of known bearing, usually between two trigonometrical points. The stations were 
selected as far away as possible .. from railways and other disturbing influences. The correc­
tion for tortion was always less than one minute, and was neglected. The convergence for 
each station was determined and the variation from true north thus obtained. 

The corrections for diurnal inequali~ies and the reduction of the readings to 1st January, 
1918, were made at Kew Observatory m the usual way. 

~faps available in the War Office (The .Magnetic Survey of 1918, Printing Co. R.E. 
W.O.B. / 2769) show the observation stations, the magnetic variation (from true no'rth) 0 ~ 

1 / 1 ! , 8 at each station, and the lines of equal magnetic variation for the area on that date. 
T~e yariation from grid i:1orth was published to the troops, but as a permanent record 

the vanat,on from true north 1s, as above stated·, shown on the map. 

(NoTE.-In the above the word "variation" is used in accordance with military 
practice to express the difference between magnetic and true or grid north.) 
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APPENDIX VI. 

SCREEN CALIBRATION. 

1. Early Experiments in England. 
Early in 1917 Lt.-Col._ Marton, of the Overseas Artillery School (Salisbury Plain) sug­

g~sted that the Bull recording apJ)aratus used by the Experimental Sound-Ranging Section 
m_1ght be emJ)loyed for measuring muzzle velocity; the usual method of firing through 
wire screens bemg adopted, but with the Bull apparatus in place of the Boulanger chrono­
graph. 

Lieut. Tucker, then O.C. Experimental Section, carried out the idea, and modified the 
apparat_us for the purpose. The modification consisted chiefly in embodying a train of gear 
:"heels m order to run the film_at a_much higher speed, and so measure the very small time 
intervals necessary for the obiect m v,ew. It was found that intervals as small as 1/25,000 
second could be measured without great difficulty, but at first 1/10,000 second was con­
sid_ered sufficient. '.:he Bull apparatus lent itself well for the purpose, as a large number of 
stnngs can be used m the galvanometer, and the method of transm;tting the time signal from 
the screen to the record is simple and extremely accurate. 

2. Initiation of Work in France. 
The results of these experiments appeared to offer distinct possibilities for calibration in 

the field, and they were communicated to the M.G.R.A., G.H.Q., France. The Ordnance 
Committee, who had been consulted, expressed the opinion that no value could be expected 
from the determination of muzzle• velocity in the field, because the M.V. of a worn gun was 
no exact criterion of the performance of the shell, owing mainly to unsteadiness of flight. In 
other words, they considered that so many other factors influenced the range that the measure­
ment of M.V. would serve 110 useful purpose. 

The M.G.R.A. however disagreed with this opinion, and Armies were. notified that, 
while no special sections were to be formed, screens might be erected and sound ranging 
apparatus used for the purpose, if considered desirable locally. 

Brig.-General Kirwan, who had previously been Commandant of the Artillery School, 
Salisbury Plain, was a believer in the system, and took the· matter up on his return to France 
as G.O.C.R.A. XV. Corps. As a consequence D Sound Ranging Section, under the com­
mand of Capt. Chapman, R.E., was placed at his disposal in June, 1917, and was installed 
near the coast at Coxyde Bains. Lieut. Tucker came out from England and explained his 
methods. In, July D Section was taken over by the 4th F.S.C., on the arrival of that unit 
with the Fourth Army H.Q. 

Calibration by measurement of M.V. had in the meantime been commenced tentatively 
in other areas, as for example by S Section near Gouzeaucourt Wood; but without sati.sfac­
tory results, owing to ignorance of certain factors which were later determined by Capt. 
Chapman. 

3. Calibration Section on Belgian Coast. 
Up to the date on which D Section was taken over by the_ 4th F. S._B., calibration had 

been carried out by firing through screens only, the guns so c~hbrat1;d be)n_g sent back to_ t?e 
line. The Battery Commanders were presumably asked to g-1ve their opm1ons on the uhhty 
of the work after a suitable interval. This procedure, though it would doubtless have 
ultimately collected a body of opinion either for or against the method, could hardly be 
expected to furnish any precise data as to H~ value; it was therefore suggested. by the O.C. 
4th F.S.B. that by installing three ?bservati.on posts along the c?ast and observmg the fall of 
the shot in the sea, it would be possible to make an exact com'?anson between, th<; M, V. deter­
mined by the screen method, and that deduced from observahon of the range m the usual 

way. · d' 1 · · h d I ho These posts were consequently estabhshed (after some 1fficu hes wtt regar to. a ur, 
which were solved bv the help of Lt.-Col B. A. B. Butler. R.F.A.), and the complete mstalla­
tion was working saiisfactorily by the beginnfog of August. The. fall o~ each shot was observed 
from the· three posts and plotted on a r/5,000 board at the finng pomt. The M.V. worked 

N 
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out from the obsen·ed range was tabulated for comparison with the M. V. measured by firing 
through the screens. . . . . . . . 

At about this date, D Secnon bemg reqmred for its leg1?ma(e work of location, the 
necessary personnel for calibration was provided by the formanon m t~e Army of ~o. ,22 
Observation Group, which continued the work under Capt. Chapman with the unofficial title 
nl the " Calibration Section.'' 

4. Research by Capt. Chapman. 
A detachment from Meteor 4th Army was attached to the Calibration Section ,in order to 

give a continuous and accurate record of wind, barometer, air temperature and sea 
level throughout the day. The methods adopted by this deta<;hmenf enable1 the mean_w)nd 
and air temperature to be accurately determined for any traiectory. Usmg the ex,stmg 
range tables, the M.V. which would theoretically pr_oduce the range actually found by obser­
vation was determined, and this figure compaied with the M. V. actually developed by the 
piece as ascertained by the screens. 

It was then found that considerable discrepancies existed between the actual M. V. and 
the M.V. so deduced from observation, and these discrepancies were subsequently traced to 
·a variation in the difference between the actual angle of projection and the quadrant elevation 
·as given by a clinometer, for dlfferent individual pieces. 

The range table for any given gun or howitzer is based on a certain definite jump, and 
individual pieces were found to give jumps varying very considerably from this figure. The 
procedure was therefore adopted of measuring for each gun calibrated the droop plus jump, 
this being the actual angle between the line of the clinometer plane before firing and the line 
of departure of the shell. Due allowance having been made for the difference between this 
angle and the jump given in the range table, excellent agreement was found between the M.V. 
deduced from observation as already explained and M.V. obtained by means of the screens. 

A constant difference was however sometintes obtained. For example the 18-pr. gun 
gave a constant difference of 12 F/S between screen and observed results, the scyeen result 
being the greater; while the 4.5-in. howitzer gave a difference of about 14 F/S with 5th 
charge, in this case the· result from observation being the greater. 

Such differences could be due to :--

(i) A constant difference in the M. V. registered by the Boulanger chronograph 
and the Bull apparatus. 

(ii) Any difference in the projectile used in the practice on which the range 
table was based, and that used in the experiments at Coxyde. 

(iii) Any error in the determination of the meteorological conditions during the 
above practice. 

As, however, it remained a constant difference, it was allowed for in the result given to 
the Battery Commander, and in no way affected the accuracy of subsequent firing based on 
the figures given and using the existing range table. 

During the time these experiments were being carried out calibration results were given 
to batteries from observation alone, so that the section was performing useful routine work 
at the same time as it was obtaining the necessary information for working with screens alone. 

The experiments proved that the opinion of the Ordnance Committee was incorrect, and 
-that the unsteadiness factor was, at medium and short ranges, negligible, even with guns 
worn to the condemning lintit. It was found, however, that the unsteadiness of the shell with 
worn guns made the method unreliable at extreme ranges. The smoothness (or newness) of 
shell and fuse was shown to have a considerable effect, and variations in the behaviour of 
different lots of shell and charge were observed. 

It was considered that in all probability the variation in the ballistic co-efficient at long 
and extreme ranges could be expressed as a function of the loss of M.V. or wear, or both, 
but, unfortunately, just as this stage (December, 1917) was reached the range on the coast 
had to be closed down owing to the area being taken over by the French. 

~n exhaustive report on the above work, in the stage which it had then reached, was 
submitted by Capt. Chapman in October, 1917. Dealing with so large a number of results it 
proved conclusively t_he value of screen calibration. Capt. Chapman's careful and thoro~gh 
arrani,ements, and h!s masterly analysis of results, were thus responsible for a rapid advance 
both m method and m the confidence of the Artillery during the summer of 1917, 
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5. Calibration Section at Tilques. 
On the move of the Fourth Army to the Ypres front the Calibration Section was estab­

lished at Tilques, near St. ~mer. Here it no longe_r had the advantage of observation in 
the fall. of the ro;unds, and its wor~ thereaft~r consisted of calibration by measurement of !'f · V .. wit~ corrections based on previous expenence, and various practical improvements and 
mvest1gat10ns. 

The progress fr?m this stage _may be cons!dered under the following heads :-
(a) Increasmg the capacity of a sect10n so as to enable the calibration of guns to be 

undertaken on a large scale. 
(b) Investigation of other factors which could affect the accuracy of results. 
(c) Improvement of the apparatus and investigation of its limits of accuracy. 

Considering these points in detail :-
(a) As soon as the range was moved to Tilques three guns were fired simultaneously 

through thr':" ~ets of screens, and on _this proving a practical method, guns were fired in 
salvoes of six m ~he s~e way, enabh_ng a battery of guns to be calibrated at one time, 
thus enormously mcreasmg the capacity of the range. This method was adopted in the 
calibration ranges subsequently formed. 

(b) The most important factor which can affect the results of screen calibration is the 
existing variation between different charge lots, and in order to overcome this difficulty as 
much as possible in a practical way, a series of 12 rounds was fired for each gun of the 
battery with cartridges of 12 distinct lot numbers. The same 12 lots were fired for each 
gun. This ensured (1) an exact relative calibration of each gun in the battery, and (2) 
that the M.V. recorded as the mean of a series represented the mean performance of the 
gun. 

This procedure also led to valuable information being obtained showing the relation 
between different charges and propellants, previous figures being unreliable in this 1espect 
owing to the uncertainty of the value of the ammunition used. All the calibration 
sections accumulated a great deal of valuable data on this point. 

The next question was possible variation in jump. Experiments at Coxyde and 
Tilques showed that the effects of va1ying elevation, platform and propellant on jump 
are negligible, and are in no way sufficient to detract from the value of results given to 
batteries. This conclusion has been quite recent! y confirmed, as regards the effect of 
varying elevation on jump, by extensive trials carried out at Chapperton Down Artillery 
School with 18-pounder guns, which have also shown that the projectile used has no 
appreciable effect. 

(c) While the above investigations were in progress in France experiments were 
carried out at the Experimental Sound Ranging and Calibration Section on Salisbury 
Plain, which led to a considerable increase in the accuracy and reliability of the instru­
ment, and at the same time showed conclusively its value for the work which it was called 
upon to perform. 

6. Formation of Other Sections. 
By the end of 1917 there was little doubt as to the practical value of calibration by the 

screen method, but the shortage of men made it very difficult to obtain personnel to form 
sections in other Armies. Enough was, however, borrowed to start sections in the First and 
Third Armies. The latter had not got properly into action when the German offensive resulted 
in the Joss of the proposed range. It was installed soon after on a new site, and 1?oth this and 
the First Army Section got to work with much success. Large numbers of b~ttenes were sent 
to these Sections to be calibrated, and Battery Commanders frequently testified to the great 
value of the results obtained. 

7. Further Experiment. 
Screen calibration had hitherto been confined to 60-pr. guns, 6-in. and 4.5-in. ho~itz~rs, 

and 18-pr. guns, and had proved of practical utility only up to_ med!um ranges. Invest1gatmn 
was still required of the unsteadiness factor, with a view to cahbratmg for long ranges, and, of 
the application of the method to heavy guns and howitzers. The former ,yas the more im­
portant problem, and to deal with it Capt. Chapman was sent to _the Expenmental _S.R. ~d 
Calibration Section on Salisbury Plain. Owing, however, to van?'!•. delays and d,fficult,~s, 
practically no progress was made in this direction before hostilities ceased, after which 
experimental work stopped. 
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Some interesting experiments on Salisbury Plain in which the National Physical Labora­
tory took part (August, 1918) showed that scr~ns were not really necessaiy, but that micro­
phones might be used instead. The shell passmg ov~r these not only allowed of ~ measure­
ment of time taken between microphones, but of ~he J,ump of the gun. As a pr~ct1cal draw­
back however this method will allow of the cahbrat1on of only one gun at a time, whereas 
with' screens the guns of a battery can be calibrated all together, firing in salvoes, ~ach gun 
through its own sc,een. It was also sh?wn that the ~easurement of muzzle velocity alone 
could be cairied out successfully by finng through coils. 

Jn connection with the question of calibration of heavy guns, the." Joly" apparatus pro­
duced by the French for this purpose may be mentioned. The apparatus is light and portable, 
and the system easy and accurate to work. It has, howevei, two great drawbacks, in that it 
depends upon the shell wave and cannot therefore be applied to any shell whose velocity is 
less than that of sound in air, and that it does not enable one to measure the jump. These 
drawbacks are important, and the Joly apparatus does not seem to be worth taklng up 
seriously. 

8. Present Position. 
The position of Screen Calibration at th~ close of hostilities was thus as follows :­
Provided that wind; temperature, etc., are known, it has been proved that the range a 

gun will attain at medium or short ranges with a certain lot of ammunition is a direct func­
tion of the M.V. obtained by calibration with that ammunition. It has been shown that the 
unsteadiness factor does not complicate the issue at such medium or short ranges. 

The perfect registering instrument has not been evolved, but it is clear that a string gal­
vanometer is an excellent, if not the best, solution for ranges where guns can be calibrated in 
bulk. 

A really good apparatus for calibrating heavy guns and howitzers in the field has not yet 
been evolved. 

Calibration in the line by observation of the fall of _the rounds must play an important 
role for heavy and siege batteries, because there is at present no other method of doing it. It 
may under careful management be valuable and moderately accurate, but the following infor­
mation is most important and is seldom obtained as correctly as it might be. 

1. True range, obtained by survey of gun position and of fall of rounds. 
2. True angle of sight, obtained by survey of height of gun and of burst, and not 

from contours. 
3. Accurate meteorological corrections. 

On the other hand, when screen calibration is employed, a knowledge of range, angle 
of sight and meteorological corrections is unnecessary, as the muzzle velocity is measured 
directly and not deduced from the fall of the rounds. 

In the case of calibration by the fall of the rounds, the probable error deduced from 
results obtained in the line may be taken as about 9 feet per second, if all the necestary data 
are carefully and accurately measured. If these data are not accurately known the error may 
be much greater. 

The probable error of a muzzle velocity obtained by screen calibration on the other hand 
is about 3 feet per second. 

Screen calibration is therefore far more accurate and reliable than the best calibration in 
the line _by observ~tion of. fi~e can be, not only because of the accuracy of measurement, but 
because 1t automatically ehmmates errors of survey and of meteorological data. 

In _orde~ to be of value, calibration both by o~servation and by the screen method must be 
done with mixed charge lots. It has been found m the case of a field gun that outside varia­
tions from th~ mean M.V. determined wit,h mixed charge lots may amount to a;s much as 35 feet 
p~r second either way. Rounds fired with one charge lot only may therefore give a M.V. 
widely different from the true mean. 
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APPENDIX VII. 

PANORAMAS AND STEREOSCOPIC PHOTOGRAPHS. 

1. Classes of panorama. 
Panoram3:5 are made for different i;i~rpos~s, and differ in their treatment accordingly. 

Br~dly_speakmg, pan':'ramas may_ be dmded mt<>the following categories, though this classi­
ficallon is not necessarily exhaustive. 

(a) Rapid sketches for use in mobile warfare, for first reports on positions etc. 
(b) Panoramas to give a clear general idea of the landscape and natur~ of the 

country and tactical features, for the information of commanders. 
. (c) Panoramas for the exact identification of position of targets or points of military 
unportance. 
The " rapid sket~ " pan?ra.n:ia hardly came within the province of the Survey units, 

whose work lay more m the duecllon of exact representation and measurement. Cases did 
occur· when the pho(ograph, quickly developed in the field, might answer for this purpose; 
but, generally speakmg, such a panorama woul<l be done by hand, and this pre-supposes 
artistic skill and considerable practise to ensure its value. Further reference will not be made 
here to this type of panorama. 

Panoramas under the headings (b) and (c) form the main subject of this appendix. Most 
panoramas made during the war ( and the bulk were produced by, or under the auspices of the 
Field Survey Battalions) fell under head (c) and were prepared accordingly. These pano­
ramas were consequently as a rule used for the purpose of head (b), but they contained 
certain additions (such as measurement of angles, etc.), which were not, strictly speaking, 
necessary for (b). 

Further, the question whether a panorama should be photographic or hand drawn 
depended to a great extent on whether it was intended for (b) or (c). This point will be dealt 
with in discussing the relative values of photographic and drawn panoramas. In the mean­
time it may be stated that as a general rule the same panoramas did duty for both classes 
{b) and (c). 

2. Relative value of photographic and hand-drawn Panorama. 
To be of military value, panoramas should possess the following characteristics. 

(a) They should eliminate all "artistic" and "atinospheric" effect, accuracy and 
freedom from ambiguity being the chief requirements. 

(b) They should be clearer than the original landscape, and should as a rule accen­
tuate features of military importance. 

(c) They should omit unnecessary and adventitious detail, especially in the fore­
ground. 

(d) They should represent the facts, not the author's interpretation of them. 

With these points ip mind it is possible to consider the relative value of the photographic 
.and the hand-drawn panorama. 

In the first place it is evident that the photographic p1U1orama cannot fulfil all !hese con­
ditions. The photograph produces, with certain limitations, an accurate representallo~ of the 
landscape under the conditions existing at the moment. ~t can.not, however, exer~ise any 
selection it cannot accentuate important features, nor can it omit unnecessary de~ail. In 
·certain ~ases the photographic panorama is entire! y satisfactory, as, for example, i~ country 
with artificial detail, or in areas with clearly marked topographical feat1;1res. It fails, h?W· 
ever in areas that are covered by woods and hedges, and it does not bnng up topographical 
feat~res in broken country ; and it also fails to convey adequate! y the correct sense of 

distance. l · h" h "t 
The great advantage of the hand-drawn panorama is the power of ~e ection w ic i 

allows. Important points can be emphasized and unimportant su_bdued or ignored. Features 
of tactical importance which are inconspicuous in the general v_iew or _when seen from one 
point only can be brought out. The relative distance of vanous pomts can be correctly 
represented. 
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T_here is, ho~ever, one res~~ct/:,..;;~!~h tt\':d-d~~:":~~o~!i:~ere1:.~~;~:.a~:e 1:~t 
rama IS for certam purposes a a?:n~ther m'an and however carefully and accurately it may 
,rape ~'n se:ti;hf~itg~..:,~:t"{~ forgotten. Fu;ther, although the power of s~lection is for 
::7andra u; ses a great advantage, it is also an advantage t'? have a repr~sentation that sho~s 
f ·tlt )1 poas far as optical limitations allow, every detail, whether 1mportant _or not, m 
t~~ 1...::.dr~ape. Details that at one time. seem unimportant may at another, owmg to new 
information or other reasons, prove to be ,mportant. . f d 

For these reasons a commander who has a panorama ~efore h1m for !he purpose o stu y 
or consultation will, as a rule, prefer a photogra\'h, or will at any rate hke to have a photo-
graph at hand to supplement the hand-drawn picture. . 

Other points affecting the question of relative va(ues are th~t ~he p~otograp~ic panorama 
is quicker to produce in the first instance, and reqmres no artis_tI_c skill; but its reproduc­
tion in quantity is difficult, and it provides a bad surface for wr!tmg notes. The reproduc­
tion in quantity of the hand-drawn picture, on the other hand, 1s easy, and the paper used 
is suitable for drawing or writing. 

To recapitulate, the advantages of the photographic panorama are :-

The first production is quicker. 
No artistic skill is required. 
It omits no details. 

Those of the hand-drawn panorama are :-

Selection is possible. . . 
In certain circumstances a truer representation of the landscape can be given. 
Reproduction is easy. 
Surface is good for writing. 

It is thus evident that it is impossible to say that the photographic panorama is better 
than the drawn, or vice versa. Each is better suited to certain purposes, and should when 
possible be employed accordingly. 

Actually it is inevitable that the photographic panorama should to a great extent re­
place the drawing, as was the case in the war, if only for the reason that photographers are 
always available, while skilled panoramic draughtsmen are not. There is also, however, the 
reason that those who have to use them will always prefer panoramas produced by a 
mechanical method as being less liable to false representation. 

It should, however, not be forgotten that the drawn panorama continues to have a real 
value and is sometimes the only kind possible. 

3. Photographic Panoramas. 
Photographic panoramas were taken during the war with 5 in. by 4 in. "Panros" 

cameras, mounted on special stands with graduated arcs and pointers. Experiments in the 
subject had been carried out before the war, and one of these cameras was taken into the 
field with the Headquarters of the Printing Company. Later each Topographical Section 
was supplied with one. 

In order to take the distant ,;letail with sufficient clearness the panoramic camera was 
fitted with a telephoto lens giving three focal lengths, 30 in., 18 in. and u in., the length 
being varied according to the subject and the quality of the light. As in all telephoto work, 
it was necessary to use a colour screen and panchromatic plates. 

. The final prints were 10 in. by 8 in., being enlargements from the original 5 in. by 
4 m. plates. 

The following criticisms may be made on the apparatus used :-

. \ a) The camera body was not sufficiently rigid. The front should not be held in 
position by metal stays, but by wooden flaps. A design for such an arrangement was 
got out by Cpl. Rawbone, of the 3rd F.S.B., in 1917, and sent to England. This 
type of body would also lend itself better to camouflage than the other . 

. (b) The focal-plane shutter was too complicated, and frequently got out of order. 
A s,mpler form of shutter would be more suitable. 
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. (c) The. method of mounting on the stand. was too complicated and not easy to­
mampulate m an awkward trench. The stand itself was satisfactory. 
. (d) The camera used ,yas an ordinary hand camera with certain adaptations. It 
1s probable that a more smtable type of camera could be found or designed for the 
special purpose of taking panoramas. 

In spite of _these criticisms, however, the excellent results obtained in panoramic 
photography durmg the war show that there cannot have been any serious defects either in 
the instruments or in the methods employed. 

A special periscopic type of camera (designed by Major Wilbraham) was made and 
proved very useful in exposed positions. ' 

It was found that panoramas were more convenient to use if mounted and folded con­
certina fashion and not rolled. The following additions add greatly to their value, and 
are essential if the panorama is to be of real use in identifying points in the· landscape :-

{ 1) A note stating the exact point (co-ordinates or map reference) frem which it 
was taken, the direction and extent of the field of view, length on the photograph corre­
sponding to an angle of one degree in the horizontal plane, and the date on which it 
was taken. 

(2) A portion of the map showing graphically the point and angle of view. 
(3) The name and map reference ·of all important points should be written with 

arrows indicating the exact position. 
(4) A horizontal scale of degrees should be drawn along the bottom of the panorama 

showing grid bearings. Failing this, which time does not always permit, the grid bear­
ing of one, or, better, two or three, prominent points should be given. This, with the 
length of the degree mentioned in (I), will enable the bearings of other points to be 
measured. 

A convenient addition also is the German method of showing a distance scale. A fore­
shortened sketch of the map is reproduced above the panorama, marked with equally-spaced 
horizontal lines representing kilometres of distance from the observer. The salient points 
in the panorama and main features, such as woods, are sketched in, and their distance and 
depth can thus be seen at a glance. The scale of distance is varied to suit different depths 
of view, and is quite conventional and without perspective. 

4. Hand-Drawn Panoramas. 
Hand-drawn panoramas were found useful in the following cases :-

( 1) To represent country which, for the reasons given in paragraph 2, could not 
be satisfactorily shown by a photograph. 

(2) In cases where it was important to emphasize ~ertain details.. . 
(3) To supplement photographic panoramas, as 1t was found unposs1ble to take 

photographs from every suitable point along the front. 
(4) For a rapid sketch of a situation. 

The educative value of a hand-drawn panorama should be remembered in this connec-
tion. There is no better way of learning the country than by drawing it. . . 

It may also be mentioned that a p~oto~raph ~an be used as a. ve'.y convement ba_s,s for 
drawing a panorama. It is possible to mk Ill outlines and emphasize important details and 
~ubsequently to bleach the photograph away. . ,, 

A useful method of drawing a panorama is given in the "Manual of Map Readmg, 
but in France the plan was adopted of prepa~ing a special. " grid '.' for the purpose. The 
grid consisted of vertical _lines represent.mg bearmgs and honzontal Imes representmg degrees 
of elevation and_ depression. Such gnds could be prepared by hand, but they ,yere also 
printed by the A.P. and S.S.) was published, givmg hints on met~ods and dr~wmg, and 
exaggerate the vertical scale to one and a qu~rter or one and a-half tunes the honzontal, and 
not to represent it correctly as recommende,l m the Manual. 

A useful note on hand-drawn panoramas (Notes on Panoramas, Ic/12614, Ju!y, 1918, 
printed by the A.P. and S.S.) was published, giving hints on methods and drawmg, anJ 
examples. 
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5. Panoramas from Observation Posts. 
Panoramas made by the Field Survey Battalions were_ generally either (1) from their 

own Survey Posts, or (2) from the O.P.'s of Heavy Artillery. In case (1) they fulfilled 
the following purposes. 

(a) They ensured that the man who made them had the_ b~st knowledge possible 
of the country he observed. By no othe means could such mhmate knowledge of an 
area of countrv be obtained as by sketching. . . 

(b) They· formed a record which served as a gmde to any new observers who might 
occupy the post. . . 

(c) They provided a picture of the _datum pomts which should be fixed, and of the 
areas in which calibration could be earned out. . . . 

(d) They formed a valuable adjunct to the map m the preparatmn of any tacllcal 
scheme. . 

(e) They formed a permanent record on which new hoshle works could be noted 
from time to time. 

(f) They were useful to complete the reconnaissance of back line posts which might 
be wanted later. 

In case (2), (b), (c) and (e) applied equally well, the question of forming a record as a 
guide to new observers applying :vith p_articular force. . 

A special box should be provided, m every 0. P. from which a panorama ha_s been ta~e~, 
with a copy of that panorama in it, and the Observer on duty should be responsible that it 1s 
not removed. 

6. Panoramas from Balloons. 
The taking of panoramas from balloons was developed in the German Army with con­

siderable success. There are certain obvious difficulties which must have taken some ingenuity 
to overcome, and it is not clear exactly what the German methods were. A good deal of 
mapping information might be obtained in. this way, and annotated panoramas would be very 
useful for balloon observers. 

7. Use of Panoramas. 
The value of a good panorama properly annotated is undoubted, and was fully realised 

in the war by those who appreciated them. It cannot be denied, however, that they were not 
used .properly by all to whom they were issued. They were not sufficiently used for studying 
the country with a map. They were not sufficiently used as records for targets, or for in­
structing new observers when taking over an Observation Post. They were too often col­
lected as souvenirs. 

The value of a panorama photo for mapping purposes is not very great. They have 
been used with considerable success in some cases for contouring-angles of depression and 
elevation being marked on them for the purpose. A certain amount of information was 
obtained from them by the identification cif objects visible in air photos, but such questions 
were, as a rule, much more satisfactorily settled by a visit to the O. P. with a theodolite. 

8. Reproduction and Distribution. 
The reproduction of photographic panoramas offered certain difficulties. Producing the 

ordinary photographic print in quantity is a slow process, and formed a heavy strain on 
the resources of the Field Survey Battalions. The Army Printing and Stationery Service 
were better equipped for this purpose, and when reproduction was handed over to that 
J?epartment it '.vas carried out in a thoroughly satisfactory manner; but it remained of neces­
sity a slow business in comparison with lithographic or similar methods. Reproduction by 
the half-tone process, which would seem the obvious method, was found unsatisfactory as the 
finer detail, often of great importance, was usually lost. ' 

The rep_roducti_on of the_ hand-drawn panorama was an easy and rapid process, as it was 
~one b}'. ordmary l.1thograph1c methods. Any quantity required could be printed in a short 
time, with colour, 1f necessary. 

The problem of distribution is similar to that of maps. Steps should be taken to ensure 
that the actual units in the lines receive their proper issue. 
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Every battery should be provided with copies of the panoramas from its own O.P.'s, or 
from commanding points near by, from which the country over which it has to shoot is 
visible. 

9. Stereoscopic Photographs. 
The question of taking stereoscopic views from the trenches was taken up in the early 

days of the war with some assiduity, mainly by Major Wilbraham, while O.C. Printing Com­
pany. He used two cameras, mounted on a baseboard, about .3 feet apart. A number of 
photographs were taken ip. this way, with excellent stereoscopic effect, but the difficulties 
were considerable, and, generally speaking, the danger and the labour involved were out of 
proportion to the results gained. To be of any use it was necessary to take the photo from a. 
certain elevation. This meant the use of a mast, either telescopic or raised by a counter 
weight. A good deal of preparation was required, which in narrow, overcrowded and muddy · 
trenches was not a simple matter; the camera had to be raised and lowered rapidly, and in­
variably drew fire; while the view taken was limited, and it was not always possible to ensure 
that it was exactly in the direction desired. 

The occasions when such photographs could produce results of military value, and such 
as to justify the labour and risk, were. necessarily few; and the taking of stereoscopic photo­
.graphs w.as dropped after the early attempts .. 



186 

APPENDIX VIII. 

FOREIGN SURVEY ORGANISATION AND METHODS. 

In this Appendix a brief account is given of the Survey Organisation of _the An_ierican, 
Belgian, French, and German Armies in the war, for the purpose of companson with our 
own, with special notes on "!ethods, where these call for remar~. 

The account is arranged m each case (except that of the Belgian Army) under the follow-
ing heads:-

General Organisation. 
Reproduction and Map Supply. 
Survey and Mapping. 
Flash and Sound Observation. 
Notes. 

More detailed information is available if required in the Geographical Section, War 
Office, in the form of reports by our own or foreign officers, and foreign pamphlets, circulars, 
orders, etc. 

SECTION 1.-AMERICAN ARMY. 

1. General Organisation. 
G.H.Q.-The organisation corresponding to our "Maps, G.H.Q." was similar to ours, 

being a branch of the General Staff, Intelligence. Relations with the Chief Engineer were 
closer than in the British Army; reinforcements and most stores came through him, and the 
chain of executive authority led completely up to him, though in practice the G.2.C. officers 
acted for him. 

The Staff was as follows :-

General Staff. 
G.2.C. (Colonel). 
Lt.-Colonel. Technical Assistant (Flash and Sound). 
Lt.-Colonel. Cartography. 
Major. Administration. 
Captain. Supply. 

Attached from the Base Survey and Printing [lattalion. 
4 Lieutenants. x Drawing. 

2 Printing. 
x Map Supply. 

AI!M1;.-It should be mentioned that the numqers quoted below are in all cases those of 
the estabhshments, and not the actual numbers available. Many units never arrived, and 
the actual numbers were always much below those given. 

The organisation consisted of a Staff-Officer (G.2.C.), a Survey and Printing Battalion 
and a Sound and Flash Ranging Battalion. ' 
. . The Sta~ Officer had no assistants on the General Staff. His duty was general super­

v1s1on of techmcal work and liaison with the various branches of the Staff. 

Survey and Printing Battalion. 
H.Q.--0.C. and 3 officers (Adjutant, Supply, Transport), 3 Companies, each of 6 

officers and 250 other ranks. 
Nominal total-22 officers, 750 other ranks, 

S. and F. Ranging Battalion_ 

ffi H.Q.d--0.C. and 3 officers (Adjutant, Supply, Transport), 5 Companies each of 1 g 
o cers an 2 50 other ranks. ' 
Armi,his was the maximum strength, and was based on one Company per Corps in a full-sized 



CoRPS.-I Captain or Lieutenant and 23 other ranks were carried in Corps H.Q. und 
G.2.C. for map purposes. , er 

D1v1s10N.-4 Draughtsmen, in G.2. for map purposes . 

. ~ASE.-At_the Advanced Base (Langres, about 40 km. from G.H.Q.) a Survey and 
Printing Battahon was located, and this provided the personnel for the Base Printing 
Plant, and also for the Computing, Drawing, and Relief Map Departments. There was also 
a Stores Depot here. 

The ~taff was a Lt.-Colonel Director, wit~ ten assistants of varying rank, in charge of 
the fol\owing Departments: ~artography, Rthef Maps, Surveys, Instruction, Litho, Photo, 
Engraving, Drawing, Computmg, and Map Supply. 

2. Reproduction and Map Supply. 
(a) Reproduction, 

The Base Printing Plant corresponded to a combination of our Overseas Branch of the 
Ordn_ance Surv~y and the Base Estab!ishment of_ th_e Army hinting and Stationery Service,; 
t~at is to s_ay, it was ~he office in which bulk printmg and reproduction, both letterpress and 
lithographic, was earned on for the whole Army. The reproduction arrangements were most 
complete. 

For !etterpress printing there were several linotype and monotype composing machines 
and machme presses. 

Fo~ lithogr~phic work (or zincograp~ic, for_ st<:mes were hardly, if at all, used), there was 
a large installahon of machines, all of direct prmting rotary type. These included two large 
stationary .and ten smaller portable machines, of American make, and four large and one small 
Mann machine. The larger machines (British and American) were quad-demy, or approxi­
mately that size; the smaller about double-demy, the exact printing surface of the American 
portable machines being 34 ins. x 22½ ins. As these rotary machines could turn out about 
2,500 -runs an hour, it will be seen that the printing capacity was very large. 

The reproduction arrangements included a Penrose Camera, big enough for their largest 
size of plate; a complete outfit for wet and dry plate work, and for the Vandyke process. 
The last-named process has been slightly modified by the Americans, and they claim to have 
improved it. An electric photostat copier was also installed. Electrical power was used 
throughout, and was derived from a battery of eight petrol-electric units, each capable 0f 
producing 25 kilowatts, and about half of which were enough for normal requirements. 
There was thus a reserve of about 100 per cent of power. 

G.H.Q.-A small reproduction plant was kept at G.H.Q., consisting of hand letter­
press and litho machines and a Dore! outfit. 

ARMY.-The reproduction outfit for an Army consisted of a treadle press printing 
machine, a Dore! apparatus, a large stationary rotary machine, a portable machine used dis­
mounted, and a mobile lithographic plant, which included a Vandyke outfit. No provision 
was made for Helio work with an Army. 

The mobile printing plant consisted of five lorries; one containing a portable machine, 
one an electric generator, with arc lamps and printing frame, one a Vandyke apparatus, 
one a proving press, etc., and one stores. 

The portable machine was a direct printing rotary of special design, '!'a~e by the Hall 
Printing Company, New Jersey. Its chief feature was that the number.of inking rollers had 
been reduced and a lot of the top hamper removed, so that the m~chme _was very comp~ct 
and possible to work in a confined space. T~e machine could h: dnven _either by belt dnve 
from the lorry engine or by motor, the P?Wer !n the latter ;ase bemg_ obtamed from the power 
lorry. These machines could be used either m the Jome~ or dismounted . as s_tahonary 
machines. This mobile printing plant wa~ very well designed and most mgemous and 

practical. · k' ds ( I 
CORPS AND D1v1s10Ns.-A variety of duplicators were used of the ordmary m c ay, 

wax stencil, etc.). 

(b) Map Supply. 
(b) The Survey Staff Officer of the Army (G.2.C.), and not the Surv_ey_ Battalions .. was 

responsible for map· supply to troops. His responsibility was nominally. hmited t? _d_ehvery 
to Corps; but actually it was found that distributions had to be made direct to Dmsions to 

' 
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ensure that troops received their due. The Americans found, as we did, that there was a dis­
tinct tendency for all stAffs through whom maps passed to retain a number for their own use, 
or as a reserve. 

3. Survey and Mapping. 
Little mention is required of survey methods in general, as these were on accepted and 

well-known lines. 
The mathematical side, as might be expected, was in most competent hands. Both French 

and British methods were thoroughly investigated, and adapted to their own requirements. A 
full description, with some tables, of the Lambert Projection was :Qrepared by the "Coast 
and Geodetic Survey," and copies are available at the G.S.G.S. 

American topographical methods are remarkable chiefly for their system of plane­
tabling, which differs from ours. It is based on careful stadia traversing, interpolation being 
the exception rather than the rule as with us. A plane-table " party " consists of four men 
{a superintendent, a booker, and two rodmen). Progress is rapid, and considerable 
accuracy in heights is claimed. The system is described and discussed in Part I. in the 
Section dealing with Survey. A school for instruction in compilation and drawing from air 
photos was established, beipg based on British and French methods. 

4. Sound and Flash Observation, 
(a) Organisation. 

Sound and Flash Observation were organised together in the. American Army, and will 
be so described. 

Each Company of a Sound and Flash-Ranging Battalion consisted of 18 officers and 
: 50 men, and this was intended to serve a Corps. 

Each Company was to provide, 
,m a quiet front, 

Two S.R. Sections of about 6 officers and 55 other ranks; 
Two F .R. Sections of about 3 officers and 70 other ranks; 

ou an active front. 

Two S.R. Sections of about 7 officers and So other ranks · 
One F .R. Section of about 4 officers and 90 other ranks. 

. The above organisation pre-supposes a considerable amount of common training and 
mterchangeability. 

(b) Equipment. 

The Sound-Ranginj; equipment w_as practically the same as the British, most if not all 
of the apparatus used m the war havmg been obtained from us. 

The J:Iash (?bse,rvati?n optical instruments were French (the Longue-vue monoculaire 
and t_he Bmoculaire a Pnsme). The French equivalent to a Flash and Buzzer board was 
used m mo~t cases, though a British board was tried, and an .American pattern was in course 
of production. 

No ~f?rmation is availabl: as to_ the transport provided, but a report states that the 
amount ongmally allowed was msufficient, and never more than half of that was available. 

(<) Stores, 

~:.~:::hA:~fi'Ji:~;l~~;::~E~it 1s::i~ a:;:!:I~;;!i:;~r~ta:~~:~~::i1!l~i;rr:a;::~ 

kept,A!;S\ri;1,;n~!o~~e;f ·p~~tibf~. Ranging Battalion a reserve of technical equipm~~t was 

avail~l;,he Company H.Q. there was a small reserve of material, and of spare men if 

{d) Training, 

The School near Langres was in charg f · ' 
{one in Flash and two in Sound Obse t' e) o da captam, with .three subaltern assistants 
assistants. Forty men were allowed fo';aO:?n 1fn sevednte:n other ranks_ as instructors and 

1sce aneous uttes such as fatigues, cooking, etc. 

, 



Instruction was carried out mainly by units for the purpose of tra1mng in Flash and 
Sound Observation. Courses lasted about a month, the first portion being individual in­
struction and the last week being devoted to training as a Section. Courses overlapped to 
some extent to give men an intelligent understanding of duties of other Sections. 

An average of about 130 men a month were passed through, but numbers varied from 
40 to 280. 

In addition to the above a large number of officers, mainly Artillery, were given short 
courses of instruction and lectures. 

It is worth m~~ti_on that a branch of the School was formed to train cooks, to provide 
for the great subd1v1S1on of Sound and Flash units. Men found unsuitable for technical 
work were taken for this. 

5. Notes. 
The American organisation, having started so long after our own, was able to take ad­

vantage of both British and French experience, and was to a great extent modelled on both. 
The organisation was, however, in force for such a short time that it hardly stood the test 
of practical experience, and it is not therefore to be expected that many lessons can be 
learnt from it. At the same time there are several points of interest to note. 

Like ourselves, the Americans found that inclusion of the direction of Survey work in 
the Intelligence Branch of the General Staff had certain disadvantages. A close know­
ledge of the projected movements of our own troops and timely warning of our own plans is 
most important if map preparation and map supply are to be carried out efficiently. This 
knowledge is not directly the concern of the Intelligence Branch, and despite all arrange­
ments they found, as we did, that the necessary information is only to be obtained by re­
peated personal enquiry and effort. 

The reproduction arrangements call for no remark. They were in advance of our own. 
Their topographical methods differ from ours and are not necessarily better, though 

their system of plane-tabling should certainly be studied. The subject has been fully dis­
cussed and the relative merits of the British and American systems compared in Part I., and 
need not, therefore, be further dealt with here. 

The organisation for Sound and Flash Ranging, whereby either Sound or Flash Sections 
could be formed from the same unit, and to some extent from the same men, is stated in 
Lieut.-Col. Trowbridge's report to have proved not wholly satisfactory. This is somewhat 
cuntrary to our experience, the tendency of which is to combine the two services in one unit. 
At the same time it is not considered that the American organisation was sound, as the ad­
ministration was too much centralised. 

In the policy laid down for the American location units it was ordered that " while 
administered and located by officers of the Engineer Corps,'' they '' are under the imme­
diate orders of the Artillery Information Officer ... in all that pertains to the tactical 
use and employment of such Sections." In practise the administration, technical super­
vision, etc., was carried out entirely by the Chief of the Topographical Section at G.H.Q.­
G.2.C. This was only to be expected. 

(NoTE.-For further details see reports by American officers and by Lieut.-Col. Winter­
botham.) 

SECTION II.-BELGIAN ARMY. 

The Belgian organisation was on a s~all scale; t~eir met~ods. followed generally on the 
lines of the French and there are no pomts of special techmcal mterest to note. 

Survey was co~trolled by the Section Topographique de l'Armee, situated near the 
Army H.Q. The whole Army front being in_ Belgium, the maps of their own national survey 
were available and little survey was done m the field. 

There we~e three Sections de reperage aux lueurs (S.R.L.) or "Flash Observation 
Sections " and three Sections de reperage par _le son (S.R.S.), and these were grouped into 
one "S~rvice de reperage d'artillerie" (S.R.A.), "'.hose du~y was laid down _as being the 
location, hy observation of flash and sound, of hostile batteries, and of the pomts of ascent 
of enemv balloons. 

Div\sional observation posts, if not actually part of the same service, worked in close 
liaison with it. 

All locations and information connected therewith were reported to and co-ordinated by 
the Information Officer (Officier de renseignements) at the Corps Artillery H.Q. There was 
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" arentlv no central control higher than the Corps (~all~d in the B_elgi":" Army ". Division 
a~tmee ''), as no mention is made of any such authority in the Belgian circular laying down 
instructions for the S.R.A. d D' · · 1 h d 

Ranging was carried out by h?th S.R.L. ~nd S.R.S., but Corps an 1v1s1ons a so a 
their own ranging groups and camed out ranging on shrapnel. . 

(NoTE.-lt will be observed that the Belgian S.R.A. had not the same meaning as the 
French S.R.A.) 

SECTION UL-FRENCH ARMY. 

1. General Organisation. 
THE SERVICE GEOGRAPHIQUE.-The Survey organisation in the French Army was largely 

influenced by the proximity of Paris and the Service Geographiql!e. There was at French 
G.Q G., no organisation corresponding to our Maps G.H.Q., and all- th~ work done _for the 
British Army by the latter was carried out for the French by the Service Geograph1que de 
l'Armee in Paris. There was, however, a representative of the Service Geographique at 
G.Q.G. . . 

The Service Geographique corresponds to our Geogr~ph1cal Sectton ?f t~e General ~taff 
at the War Office. It is however, a much larger establishment, and with its reproduction, 
printing and computing 'branches, did work that was done for the British Army by the 
Ordnance Survey and War Office. . . 

The Service Geographique therefore combrned the functions of our War Office, Ordnance 
Survev, and Maps G.H.Q. 

The Director-General of the Service Geographique exercised technical control over all the 
Survey units of the Army, and over the Sound Ranging Sections and Observation Groups. 
He carried out all promotions and transfers ; decided technical equipment and was responsible 
for its supply; detailed Groups and Section complete; inspected their work; and inspected 
and approved of sites, Sound Ranging bases, etc. 

ARMY.-With each Army H.Q. was a Groupe de Canevas de Tir (G.C.T.A.). It was 
attached to the General Staff, and placed directly under the orders of the Chef d'Etat-Major. 
It corresponded to our Field Survey Battalion (H.Q. Section). 

The strength of a G.C.T.A. was about 9 officers and 70 technical other ranks, with clerks, 
storemen, drivers, orderlies, etc., in addition. There seemed to be no fixed establishment; 
the above figures are those actually with the 2nd French Army in 1916. 

The G.C.T.A. was responsible for duties similar to those of our Field Survey Battalions, 
name! y, survey work generally, both for map and artillery purposes, map construction, print­
ing (to a limited extent) and supply, technical direction of Corps and Divisional. Topo­
Sections, and instruction in technical methods. 

The G.C.T.A. did not, however, fix the French battery positions, this work being done by 
the Officiers Orienteurs. These were selected Artillery Officers, who were trained either by 
the G.C.T. or at the special school for the purpose. There was one Officier Orienteur with 
each " Group " of Artillery. 

The G.C. T.A. supplied ar~illery boards with grid only; the rest of the work was done 
under the direction of the Officiers Orienteurs. 

At each Army H.Q. there was also a Service de Renseignements d'Artillerie.de l'Arrnee 
(S.R.A.A.), which dealt with the results of the Obs. Groups and S.R. Sections. This will 
be referred to under the head of Flash and Sound Organisation. The S.R.A. fixed appro,,i­
mate positions for enemy batteries; the G.C.T. fixed the exact positions. 

Mention ~ho~ld be m3:de of t_he Se<;tion Topographique, though this was not part c,f the 
Survey Organisation. This Section existed at Army H.Q. for the purpose of issuing pre­
war maps (Cartes d'Etat-Major) and of doing map colouring, mounting, and drawing for the 
General Staff. It was an indoor office only. 

Co~Ps.-At \he Corps H.Q. was a Section Topographique de Corps d'Arrnee (S.T.C.A.). 
It consisted nominally of one officer and four other ranks but this number was always 
exceeded in practice. ' 

_The chief duty ?f the S.T.C.A. was the production of correction copies (Rectificatifs) of 
portions of Plans D1recteu.rs showing the approximate position and nature of new works, to 
enable offic~r~ )o keep their maps up to date. Information for this purpose was obtained 
from the D1V1s1onal _Topo. Sect10ns (S.T.D.I.) and the Divisional Intelligence Officers. 

The exact locat10n of trenches was done by the G.C.T.A., but it was for the S.T.C.A. 
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to report ~hen a n:w. trench was dug a':'d to send a rough plan showing it approximate! 
and to notify ". An~hon" and ask for 1t to be photographed. y' 

. These rechficatifs were usually done on the " pate" (composition) duplicator, and 
aimed at speed rather than accuracy. About 60 copies were as a rule printed . showing in 
different colours allied and hostile trenches and new work, and they were iss~ed down to 
Company Commanders concerned. 

The S. T.C.A. kept a small reserve (100-200 copies) of Plans Directeurs. 
They also took panorama photographs, prepared and printed plans and maps for Corps 

Staff, and kept a fil_e of all maps, dr~w-~gs, photos, etc., which concerned the Corps . 
. . D1v1s1?N.-W1th an Infantry D1V1s1on was a Topographical Section (S.T.D.I.), con­

s1s_tmg no_mmally of one officer an~ four other ranks (topographers and draughtsmen). Their 
chief duties were the survey, by au-photos and work on the ground of French trenches and 
the provision of information for the Rectificatifs. ' ' 

(a) Reproduction. 
2. Reproduction and Map Supply. 

(a) It is unnecessary to describe the reproduction plant at the Service Geographique as 
it requires no special comment. The installation is, as already stated, larger than that at'our 
War Office, but much smaller than that at the Ordnance Survey. 

It is not known if the reproduction plant at all Army H.Q. was the same, but it is 
probable that it was not. That at the G.C.T.A. 2e. Armee was probably fairly representa­
tive. It consisted of two large lithographic presses, two sets of " Dore! " apparatus, and 
two treadle letterpress printing machines. An outfit for Vandyke, or a similar process, was 
carried, but no helio work was done at Army H .Q. 

A Corps Topo. Section in the same Army carried a hand lithographic press, demy-size, 
and another very light one about brief size, a cyclostyle duplicator and a composition 
duplicator. For panorama work a small periscopic camera, arranged to take vertical or 
horizontal panoramas, was kept. 

The Divisional Topo. Sections had a variety of equipment. Some had hand litho­
graphic presses, others duplicators of various patterns. 

A point of particular interest is, however, the F1ench Printing Trains, of which it is 
believed that four in all were constructed. These were trains of about sixteen wagons of 
ordinary type and one special wagon. The latter contained a large flat-bed litho. machine. 
The remaining wagons were fitted as offices for drawing, process work, proving, electric 
power and living rooms. The whole formed a completely self-contained drawing and re­
production office which could start work immediately on arrival at its destination. The 
advantages of this system have already been discussed in Part I., Chapter 2, Section IV. 

fbl Map Supply. 

(b) The chief points to note about the French map supply are the issue of 1/ 5,000 
maps, the smaller scale of issue, and the mode of supply by the Service des Couriers. 

In position warfare the French issued a 1 / 5,000 map. On account of the small area 
C'overed by maps of this large scale a much larger number are required. Hence the French 
actually issued as a rule more maps than we did, though, the scale of issue being smaller, 
fewer people got maps. . . 

Thus, taking a front covered by one of our I/ 20,000 and two of our 1 / 10,000, a Bnhsh 
Division would get 723 of the former and 300 each of the latter (total 1,323), a French 
Division would receive 100 of 1 / 20,000, 200 of 1 / 10,000, and 2,000 of 1 / 5,000 (total 2,300). 

French Plans Directeurs were much larger than ours, and units usually received one 
map of each scale only. Hence they required much s~aller editi':'ns. It was unusual ~or 
editions of more than 3,000 copies of any map to be printed. Thts may be compared with 
our normal order of 20,000 for each 1 / 20,000 sheet and 6-8,ooo for 1 / 10,000 sheets. The 
British figures included Reinforcement Reserve, not always used. 

These small editions could be obtained very quickly from Paris. 
With regard to actual supply to troops, the G.C.T.A. were in the happy position of be1!1g 

relieved of all responsibility for transport. All maps were delivered to umts. by _the " Service 
des Couriers." Vehicles plied between Army and Corps, and Corps and D1v1s1o~s, at fixed 
hours in the same way as our D.R.L.S., and all maps were sent by them. Specially urgent 
orders were sent by special D.R., or by car ordered by the General Staff. 



3. Survey and Mapping. 
There are no special points to note about French Survey methods, which followed 

generally recognised lines. 

4. Sound and Flash Observation. 

(al Organisation. 
(a) The Sound and Fla~h units were Sections de Renseignements par le Son (S.R.S.) and 

Sections de R. par Observation Terrestre (S.R.O.T.). . 
The establishment of the S.KS. varied a good deal d'!rmg the war, but towards the end 

there were two types of Section with the followmg approximate numbers :-

Section Mobile.-2 officers, 1 W.O., 47 other ranks, including drivers, 1 touring car, 
1 box-car, 2 lorries and a trailer, and bicycles. 

Section Fixee.-2 officers, 1 W.O., 41 other 1anks; no transport except bicycles. 

There were about twice as many stationary Sections as mobile. The former were obviously 
useless during any movement without outside help. 

The S.R.O.T. were of three types. The numbers given are those found in practice, not 
necessarily those of the establishment. . . . . 

S.R.O.T. Territoriale.-3 officers (mcludmg the AdJutant), 7 5 other ranks, a light car 
and a box car, and 4 bicycles. Intended for use on a stable front, and to provide 4 observa­
tion and 3 ranging posts. 

s.R.0.T. Territoriale Telemetrique.-4 officers, 92 other ranks, and the same transport. 
Intended for same work as the "Territoriale," but provided for "Telemetrique" posts. 

S.R.0.T. Mobile.-3 officers, 85 other ranks; a light car, box-car, 3 lorries, 2 trailers, 
10 bicycles. Intended for active fronts, and for observation only (not ranging). 

The above organisation was admitted to be defective. It was impossible to redistribute 
Sections for battles, and Territorial Sections had to be used on active fronts. Limitations 
of transport, however, and an unsuitable class of men (they were nearly all B.2) prevented 
the Territorial Sections being used with effect on active fronts, unless helped with transport 
supplied by the Army Artillery. 

The Mobile Sections were seldom up to establishment, especially in transport. 
The Telemetrique posts mentioned above were for ranging long-range H.V. guns. Only 

two posts were used and no check was obtained. They used very accurate and somewhat 
impracticable instruments. Good results were obtained on quiet fronts, but not, as a rule, 
elsewhere. 

The Sound and Flash units were under a dual control. The G.C.T.A., representing 
the Service Geographique, was their superior in matters of technical methods, supply of 
technical equipment, and interior economy, while the Service de Renseignements d'Artillerie 
(S.R.A.) collected and analysed their results, and ordered their movements. 

The S.R.A. consisted, both at Army and_Corps H.Q., of 2 officers and 2 0r 3 clerks; 
it performed the functions of our Compilation Section, but was a purely Artillery organisa­
tion. 

The S.R.A.C. (Corps) compiled all results from Sound and Flash Units, from Aviation 
and Balloons, and from Divisional Artillery. This branch gave approximate co-ordinates 
to batteries considered active, and supplied to the 2e. Bureau (Intelligence) of the Corps a 
list of the day's fixings and identifications. These results were reported to the S.R.A.A. 
(Army) who compiled them, and examined for Battery positions beyond Corps Areas · besides 
receiving information from 2e. Bureau (prisoners, agents, etc.). The G.C.T.A. fix;d exact 
co-ordinates of batteries. Finally, the Active Hostile Battery List was prepared by the 
S.R.A.A. 

It will be seen that the procedure corresponded to ours, in that the active batteries were 
determined by the Artillery, and the positions of all batteries and emplacements was deter­
mined by the Survey Organisation. 

A somewhat noticeable point was that all positions of S.R.O.T. and S.R.S. had finally 
to be approved by the Service Geographique, a special officer being sent for this purpose. The 
S.R.A.A. selected the approximate positions, subject to the above approval. The survey of 
the positions was done by the G.C.'J'.A. 



(b) Equipment. 

(b) The S.R.O.T. were equipped with the optical instruments already mentioned ir. 
P_art II., namely, the longue-vue monoculaire and the binoculaire a prisme. The former it 
wil} be reme~bered, was adopted by us. It was a good optical instrument, but had an 'in­
ferior mounting. 

A popular instrument _in wide _use was a pi':'oted arm (with" arc) carrying an ordinary pair 
of field glasses and a lummous ahdade. Bearmgs could be read to 30 minutes. It was 
simple and rapid in use, but did not pretend to be accurate. 

_The work of the Section was co-ordinated by means of a small exchange showing lights, 
as with us, but no buzzers were used. 

The standard equipment adopted by the French Army for Sound-Ranging was the 
T.M., which has been referred to in the Technical history of Sound ·Ranging, in Pt. II. 
Briefly, the relative merits of the British and French standard systems are that the former 
gives a finer and hetter record, while the latter is more economical. The French, however 
never reached an absolute standardisation, and to the end of the war there were a small 
number of Sections at work using, respectively, the Bull, the Cotton-Weiss, and the Dufour 
systems. The latter was considered by our experts to be nearly as good as the Bull-Tucker 
apparatus. 

(c) Store1. 

(c) All technical stores were supplied by the Service Geographique through the G.C.T.A. 

(d) Trainlnll, 

(d) There was a Sound-Ranging school a St. Cloud. For Flash Observation there was 
a school at Mont Valerian, near Paris; another for ranging and topography on the Artillery 
Range near Chalons, and a school at G.H.Q. 

Methods were, on the whole, similar to our own. 

5. Notes. 
In commenting on the differences between the British and French survey organisation 

and methods the fact should be recorded that in many cases the French were ahead of us in 
ideas, which we adopted from them and adapted to our own requirements. Instances of 
such cases are Artillery Boards, the " Flash " exchange for Observation Groups (but with­
out buzzer), and the science of Sound ·Ranging. 

In one particular and remarkable case we appear _to have been ahead of the French, 
and that was in the use of their own cadastral maps and bench marks. 

In questions of survey, reproduction, and map supply there is not much which requires 
special comment. It is certainly matter for remark that the French could conduct successful 
military operations with a much smaller scale of issue of maps than we had, and that those 
maps were on paper, and never backed with linen; but it is unlikely that this fact would 
induce greater economy in our methods. The French system of supply by a special transport 
service is also noteworthy. It is far more economical than our system; but it is doubtful if 
any regular service of transport would be established in our service of sufficient capacity to 
cope with our map supply in times of stress. This is undoubtedly the chief disadvantage of 
supply by a regular outside service; the supply must be made to fit the capacity of the service 
rather than the needs of the troops. 

In our service there was good reason for the fact that the R.E. did all the survey work, 
including much that should properly have been done bv the R.A., the reason being that the 
R. E. had had previous training in survey methods and the Artillery had none. But it is 
curious to find that the French had an almost similar division of duties between the G.C.T.A. 
and the Artillery, because survey in the French Army is much more close!v connected. w:ith 
the Artillery than it has been in our service. Most of the officers of the Service G~graph1que, 
for example, are Artillery officers. It is then curious to find that the G.C.T.A. d~d all _surve_y 
work for S.R.O.T. and S.R.S., and that these Sections were not self-contamed m this 
respect. . , ·11 

On the other hand, the French have developed an excellent system ~ithm ~heir Art, ery 
for fixing their own batteries, giving line, etc., by means of their Offi_c1ers Onenteur~, who 
were Artillery officers trained in survey methods. This made their Arhllery self-contained as 
far as their own battery positions, etc .. were concerned. 

0 



For batterv survey the French used traver~es much more than we did, running them as 
I along the battery positions. It was claimed that the legs of the traverse were an easy 

~:t~~ of defining bearings for the artillery. It is con9idered, however, that o~r i~ter­
polated "bearing picket" was generally more useful, more accurate, and less costly 1n time. 

In ohsen•ation of enemy guns the French had a_ much mor~ clearly defined system of 
Artillerv Intelligence than ourselves. We started _Arllllery Intelligence officers, but so far as 
Battery· fixing-the prime object of Artillery Intelhg_ence-was co11cerned, our Counter Battery 
sen-ice (mamh· an executive branch) took over their work. The S.R.A., on the other hand, 
was purely an Artillery Intelligence service. 

As far as results from Sound Ranging and Flash Spotting went, it is considered that our 
organisation and methods were superi?r, an? that_ we obtained a great~r number of ac~urate 
locations. It is believed that our service paid a good deal more attention to the question of 
mobilitv and in the final phase of the war obtained more results. 

R~ging of the fire of their own batterie? was practis_ed by the S.R.O. T. Pe_rcussion 
ranging methods were similar to our o~vn. Air-burst. rangmg was done almost entirely by 
the Trajectory method and (because this method entails command of the Battery from the 
S.R.O.T.) was less Popular with the Artillery than with the S.R.O.T. Very little calibra­
tion was done. 

NoTE.-For further information see-'-
Reports by Lt.-Col. Winte:botham, L!.-Cnl. MacLeod, Lt.-C:ol. Twiss, Major Bragg, 

Major Hemming, and Lt. Davidson, on visits to the French Armies. 
Instruction sur !'organisation et le fonctionnement des G.C.T.A., etc. (Service Geo­

graphique). 

SECTION IV.-GERMAN ARMY. 

1. General Organisation. 
The German Survey organisation consisted of Survey units and Artillery Survey units, 

which were quite independent, though thev worked in close liaison for certain purposes. 
The Director of Military Survey at G. H. Q. was the official head of the Survey units, 

and was responsible for their technical work, personnel, and equipment. It is not known if 
he also exercised technical supervision of the Artillery Survey units. 

ARMY.-At the H.Q. of each Army was a Survey Staff Officer, and usually one, but 
occasionally two, Survey Detachments (Vermessungs Abteilungen). 

The Vermessungs Abteilung corresponded to the H.Q. Section of our Field Survey Bat­
talion. It had a map-printing section attached, and was responsible for trigonometrical and 
topographical work, the preparation of artillery maps and boards, and the supply and issue 
of maps. A number of "printing trains" were also in existence, and each V. Abteilung is 
stated to have had one. 

The strength of a Vermessungs Abteilung was about 19 officers and 90 other ranks; total, 
about rro. 

_C?RPS AND D1v1s10N.-At the H.Q. of ach was a Topographical Section (Kartenstelle), 
cons1stmg of an officer or survey official and a staff of qualified draughtsmen. These sections 
were branches of the· Army Vermessungs-Abteilung. There was a G.S.O. for maps at each 
Corps H.Q. 

The Verme5:5ungs Abteilung put at the disposal of each G.O.C. Foot Artillery, 1 trig. 
and 2 topographical office_rs, to fix batter~ positions. Artillery Boards were, as a rule, pre­
pared by the Verm. Abte1lung, but occas10nally by the Mess Trupp. (See sub-section 4.) 

The German Geological Service was apparently included under the head of Survey and 
each Verm. Abteilung included a Geological Detachment. ' 

At the Ari:ny !f .Q. there was also a Cartographical Section, which formed no part of the 
~urvey Or_gamsahon, but corresponded to the French Section Topographique, and existed 
Stmp\y to issue General Staff maps and to do unskilled cartographic work for the Staff of 
the Army. 

(a) Reproduction. 
2. Reproduction and Map Supply. 

. (a) The Karten Fe)d~ruckerei, or Map Printing Section, attached to the Verm. Ab­
teilu~g, had a po~er-prmtmg pl~nt_, but 1:ot of standardised type. In addition, certain 
Arnues, and possibly all. had pnntmg trams. The personnel of this consisted of an officer 
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and about 45 men. The press car~ied printed apparently up to 80 x 8o cm., using zinc plates 
only. Maps were drawn on tracmg paper and apparently transferred to the zinc by 
analogous to the Dorel. a process 

Corps Topo. Sections were provided, wherever possible, with a lithographic power press. 

(b) Map Supply. 

(b) The basic German map was the 1/25,000 (corresponding to our 1/2o,ooo). The 
larger scales used (usually enlargements of the 1/25,000) were 1/10,000, 1; 5,000, issued 
largely to Infantry, and 1/2,000, for Trench Mortars. Smaller scales were the 1; 50 000 
and the General Staff maps, l / 80,000 and 1 / 100,000. Editions of 20,000 to 24,000 :Vere 
prmted of the 1/25,000 and 1/5,000 scales. 

Corrections to existing editions were issued large! y in the form of correction slips to be 
gummed on. ' 

A very large proportion of captured German maps were either enlargements of the 
!"rench_ 1 /80,000 or reproductions of British or French maps. On the whole their maps both 
m quality and sty le, were poor. ' 

3. Survey and Mapping. 
The only point of particular interest that was discovered in connection with German 

Survey methods was the use of the vertical light ray for fixing positions rapidly. A rocket 
was discharged vertically from a special apparatus, at the point to be fixed, and was inter­
sected from posts to the rear. The method offers possibilities, and experiments have been 
made with it by our service. 

The surveying of posts of L.M.T. and S.M.T. is included in the duties of the Verm. 
Abt., _but instructions for this work are given in the Manual for Artillerie Mess Trupps, and 
there 1s no doubt that some, at any rate, of this duty was undertaken by the L.M.T. and 
S.M.T. themselves. 

4. Sound and Flash Observation. 
(a) Organisation. 

(a)· The location of hostile batteries was carried out by Artillery units. Originally these 
were concerned with Flash Observation only, and were called Artillerie Messtrupps, which 
units were a development of the original Mess Plan Abteilungen, or Artillery Board 
Detachments. When sound ranging developed, the Schall-Messtrupps (Sound Ranging Sec­
tions) were directed to work with the Artillerie-Messtrupps, and finally the title Artillerie­
Messtrupps appears to have been applied to the directing staff of a Licht-Messtrupp (L.M.T. 
or Flash Observation Group) and a Schall-Messtrupp (S.M.T.) working together, a~d proba~ly 
also to the whole combination. The whole was not apparently combined as a smgle umt, 
because a proposal that they should be so combined, under the title of '' Art. Beob~chtungs­
abteilung" (or Art. Observation Detachment), is found in the report on the experiences of 
1918 dated 8/6/18. 

The location units belonged to the Artillery, and were allotted by Armies as required_ to 
Corps and Divisions. They were detailed to a sector, and did not move when the forma!lon 
for which they were working was relieved. One L.M.T. and one S.M.T. was usually allotted 
to each Divisional sector. 

A L.M.T. consisted of four or five officers and about 100 men, and though originally in­
tended to man four or five flash-spotting posts, by the latest instruction it was orde_red. to 
maintain on an active front eight or ten, to allow of casualties and lack of synchromsat10n. 
It included a ranging staff or " Schiessplan." 

A S.M.T. was of about the same strength, and manned from four to six posts. 
The information obtained bv these units was compiled by the H.Q. (Mess Zentrale) of 

the Artillerie-Messtrupp, and passed to the Artillery. Results were also sent to the \ler­
messungs Abteilung for accurate plotting on the map. 

It may be noted that although there appears to be no specific mention (in captured doc!l­
ments) that observation balloons were included in, or under the technical control of, the Art1l­
lerie-Messtrupp, yet there is a section in the Manual for Artillerie-~esstrupps (December _qth) 
laying down methods of battery location by balloons, and there 1s a report ?Y th~ Ar!lllery 
Survey School, Wahn, on experiments in taking rays from ball_oons. It 1s evident that 
balloons were used in collaboration with L.M.T. as extra observa!lon posts. 
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lb) Equipment. · ·1 · t ent 
(b) The posts of a Licht-Messtrupp were equipped wii:; a director, or s~;i aret'::s r~/ th~ 

a stereo-telescope, stop-watch, chronometer,. telephone out t, psano~:·te~~· e w~s a great 

;bove ~e ~t~~~~ei:!s th1et ~o;tbi!::if!~n!i:::~~:!.:~0 gY~ses set at the _e~ds of pivot':d 

a:t\t~:n these are in °the horizontal position th_e telesco}~ can be_ u-:t w{t~~~:~:~::~ 
effect . when in the vertical it can be used . as a periscope. · or use lll e i 
it wa; provided with illumination and grat1cules. . d . h 

At the H.Q. of a L.M.T. there was a teleJ?hone e~change _and a _plottmg boar , ne1t er 
being of special design, and_ an elaborate plottmg eqmpment, mcludmg a pantagraph, 3-ft. 
diagonal and other scales, slide rule, etc. , , h d (d 

German Sound Ranging was done almost entirely by the "human observe_r met ~ e-
scribed in Part II.). The equipment was therefore slillple. At each observ':'1g pas~ it co~­
~isted of a stop-watch (l/ 50 sec.), a buzzer telephone apparatus, a map board with_ hosttle arttl­
ler ositions and at some posts an anemometer and thermometer. At the Sectmn H.Q. the 
~p~ting w~s done from the time intervals reported by the observers. Orthophones were 
also used, and although admitted to be a rough mstrument, were appare~tl)'. valued m~>re than 
by ourselves or the French, no doubt on account of the general mfer~onty o_f thei_r sound 
ranging. The new automatic system introduced at the end of the war 1s mentmned m para-

graph 5· · h ·t· f Balloons used a form of sextant, and at the moment of observation t e exact pos1 10n o 
the balloon was fixed by theodolite measurement by a ground observer. 

(c) Stores. 
(c) Optical and mathematical instruments were not iss~ed by the Verm. Abteilung, but 

by the Section I.D. of the General Staff, who probably received them from the Ordnance. 

(d) Training. 
(d) There was a large school of instruction_ for both }'.lash and Sound Observation at 

Wahn, near Cologne. A point was made of practice for mobile warfare. Lecturers from the 
school visited all theatres of war. 

5. Notes. 
The chief criticism that may be made on German Survey during the war is that, although 

they appear to have foreseen the application of survey to military operations rather more 
than ourselves, they were certainly not in advance of us or of the French in their methods, 
and in many respects were behind. 

Their cartography was distinctly poor, and it is astonishing to see to what a late date they 
were content to use photographic enlargements of smaii scale maps, a method which we decided 
in 1914 to be useless. Their method of map reference was not good, and what is far more 
important, it varied from one Army to another, and as a rule was independent of the trig. 
reference. -

There is evidence that at first the German Army was in survey matters no more en­
lightened than our own, and that much propaganda work was necessary to induce the German 
Field Artillery to take up modern scientific methods. This attitude on the part of the Artil­
lery changed entirely before the end of the war. By the beginning of 1918 the German 
High Command seems to have appreciated fully the great importance of survey work to mili­
tary operations, and the necessity for making special provision for technical staffs. Orders 
over the signature of Ludendorff, for example, show an intimate acquaintance with the special 
needs of survey units; they lay emphasis on the provision of good quarters, the necessity for 
having active tit men in the Artillery Survey units, the importance of making use of the local 
knowledge of these units, and the absolute necessity for providing them with sufficient trans­
port. 

In A:rtillery Survey_ questions we h~d practically nothing to learn from them, except, 
perhaps, m the observation of tire. Theu method of flash observation was analagous to our 
own, being carried <;>ut by leading observer ~nd te_lephone buzzer, and was probably good. A 
good deal of attentmn was devoted to rangmg; m the case of air-bursts they seem to have 
employed the trajectory method only. 

There is little evidence as to the results obtained by German Sound-Ranging but there 
carmot be much_ doubt that they were inferior to ours. The " human observer " system could 
not compete with the refined automatic methods employed by the British and the French. 
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At the end of the war the Germans had devised a new system of the automatic type, some 
sixteen sets of which were stated to be in use at the time of the Armistice. No specimens were 
found either of the microphone or of the recorder, but drawings of the latter were obtained 
at Wahn, and specimens of 'the records. The recorder comprised an oscillograph and a 
clockwork arrangement for driving a sensitised strip on which the records were taken. The 
records found were much inferior to those of the Bull apparatus. If the designs found at 
V,ahn represent truly the type of the new automatic apparatus in use, it would appear to be 
a clumsy and inaccurate recorder. Its cost was said to be 28,000 marks, and it must have 
been expensive in current. The apparatus in use may, however, have been greatly improved, 
or even of a different type. 

The earth tremor apparatus on the other hand is interesting and deserves further study. 
Great stress was laid on the importance of training in mobility for both L.M.T. and 

S.M.T. 
An interesting point is the method of fixing the positions of observation posts of both 

L.M.T. and S.M.T. This was usually done by survey of the vertical light ray, and it is stated 
that this was never interfered with by the enemy. 

In their Manual a method is described of surveying Sound-Ranging posts by sound, but 
this does not seem to have been used much. 

Note.-For further information consult:-

. Report by Lt.-Col. Winterbotham on captured German documents, with 4Pl,'en­
dices, II. Battery Survey, III. Artillery Boards, IV. Obs. Groups, V. Sound-Ranging, 
VI. Visit to Art. Survey School, Wahn (Sound-Ranging). VI I. German Seismic methods 
of location. 

Handbook of German Army in war. 

Various German documents and translations, particularly the following:­

Duties, etc., of German Survey Section (Vermessungs-Abteilung). 
Manual for Artillery Survey Sections (Artillerie-Messtrupps). 



DIAGRAMS AND MAPS 
on following pages. 

Diagram of area surveyed or partially surveyed during the war. 
Illustrations to Appendix I. 

Diagram I. Systems of triangulation in Northern France and Belgium. 
2. Adjustments in longitude. 
3. Common and adjusted points. 

SPECIMENS OF MAPS. 
The ~even specimens w~ich follow a_re exact reproductio!'-s of maps produced during the 

war, and illustrate changes m style and m methods of drawmg and reproduction from the 
earliest to the latest dates. 

The first six spec~ens. sho.w the sam_e_portion of 1/20,000 sheet 57c.N.W. in the neigh­
bourhood of Bap~ume, m six d1ffere!'-t editions, drawn m the style current during the war. 
The se~enth specllllen ~hows a l(0r!1on of she~t 5e.S.W.! dra,~n with the 4llied signs and the 
new gnd. The following descnptive notes give the chief pomts calling for attention. 

No. 1. Edition 1 (B Series), 1915. 
This edition was produced by enlarging the 1 /80,000 map, and re-drawing. The detail 

is coarse and bears little relation, except in the rough general outline, to the true facts. The 
contours are especially vague. 

No. 2. Edition 2, May, 1916. 
This edition was produced by compilation of cadastral plans corrected by air photos· 

Note the great refinement of detail as compared with the First Edition and the improvement 
in the contours. Note also the blank spaces due to lack of photos, e.g., south-west of 
Bapaume. 

(Edition 3 shows practically no change.) 

No. 3. Edition 4, October, 1916. 
Note the numerous additions to detail (such as trees and road cuttings) due to a plentiful 

supply of better photographs. In this edition a large amount of tactical information is 
written on the map for the first time. The contours remain unchanged. 

No. 4. Edition 5, December, 1916. 
The most noticeable feature of this edition is the greater fineness of the detail, which is 

due to photographic reduction from an original drawing on the 1 / 10,000 scale. The typing 
of names has, however, been done after reduction, and they are consequently legible, though 
perhaps a little coarse. Note the additions to the detail, the omission of much of the written 
information, and the remarkable improvement in the contours, which show much greater 
detail in the ground forms. This is due mainly to close study of the air photos. 

No. 5. Edition 6, February, 1917. 
This edition is instructive from the point of view of reproduction. Tnt detail is 

the same as that on Edition 5, with few, if any, alterations. The names have, however, 
been typed on the original drawing, with the result that they have been reduced in size 
with the outline. The consequence is that in many cases they are much too small, and are 

· inclined to be illegible. This map, though presenting a fine appearance is, as regards legibility 
and usefulness, to some extent a set back from the previous edition, and shows the unsuitability 
of reduction to half scale, unless special provision be made in the typing of names. 

On the other hand there is a noticeable improvement in the contours, partly due to their 
being printed in brown, and partly to the insertion of intermediate contours at 5 metre intervals. 
Otherwise their shape remains as in Edition 5. 

(Editions 7 and 8 show no change.) 
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No. 6. Edition 9, July, 1918. 
This map is from a new drawing on 1/10,000 scale. As in Edition 5,. the outline has 

been reduced from the original, but. the names have been typed after reduction, so that they 
are now legible though finer than in Edition 5. Note numerous alterations in detail, some 
due to actual changes and others to better information. Note also the changes in the contours, 
due to survey on the ground in the previous year, when Bapaume and the adjoining country 
were in our possession. 

The contours on this edition are for the first time due to survey on the ground, anJ the 
difference between them and those of the last edition, which were the best that could be pro­
duced without visiting the ground, should be noticed. 

No. 7. New Serles on Lambert Projection. 
The last specimen shows a portion of 5e.S.W. (Lambert Series) drawn with the Allied 

convel)tional signs and the French grid. In comparing this with the previous specimens it 
should be noted that the original drawing for this map was done on the same scale, and that 
the detail cannot therefore appear so fine as in a reduction from a drawing on twice the scale. 

The chief points to-notice are the signs for woods, brushwood and fir trees,- the tree­
lined roads, and the light effect of the hedge and tree symbols when in or close ·10 villages. 
The railway symbol is heavier than the British sign (it is drawn a little too thickly on this 
specimen), and it is open to question whether it is an improvement. Lastly, the general effect 
of the grid should be noticed. The absence of the small 500-yard squares used in the British 
system relieves the map of a great many lines, and gives it a more open appearance. 

It should be remembered that this map is of accessible ground, whereas the Bapaume area 
was for most of the war inaccessible. Sheet 5e.S.W. was produced by a combination of 
gronnd survey, cadastral compilation, and air photos. 

Printed un<tt"r thg;;~~ttyL~~:r~:.~l!t~~~s c~:1.~~~NERV OFFICE 

(15702) 12789/8717/22217 500 10/38 P,L,H. &, co. LTD. Q.9~. 



REFERENCE 

l~ French Fortress P/an.s O,'recteurs (pre-war)·* 
Diagram showing total area 

SURVEYED OR PARTIALLY SURVEYED 
• New Topotraphical Survey t/50,000 

[=:I Belgian National Surveys·~· 

* Area revised and published 
over-printed blue 

D Area partially surveyed but not completed 

D Survey compJ/ation, revision with photos and, in 
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• Surveyed and published 
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DURING WAR 
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