
TOP SECRET
APPENDIX I .

Use of "X" Source in  Mediterranean and Middle East Theatres o f War
between Oct 1940 and May 1945.

Introduction:

Thi s  paper does not pretend to be a general tre a tise  on the theory and 
practice of the use of “X” Source.  I t  records certain  experiences with th is 
Source in  particular theatres of war and may, therefore, contribute to the 
eventual production of a comprehensive a r tic le  dealing with a l l  phases of the 
subject. Differences in  technique of use w i l l  undoubtedly have developed in  
the various theatres of war, and some of these differences wi l l  almost 
certain ly  be found to be due to the sp ecial ch aracteristics o f the languages 
predominating in  each of those areas. I t  i s  w ell known that most Oriental 
languages present great d if f ic u lt ie s  to the European student; the mental 
conceptions which control the construction of such tongues are foreign  to  him, 
and the sounds of speech are unusual and awkward to reproduce. I t  i s ,  perhaps, 
not so w ell known that these troublesome sounds arc equally annoying to the 
engineer who tr ie s  to reproduce them mechanically (using equipment designed 
to be e ffic ie n t  with European language sounds) so that they are in t e l l ig ib le to 
the comparatively unskilled European (or American) lis te n e r . The experiences 
described and the conclusions reached in  the following paragraphs re la te  almost 
exclu sively  to the Ita lia n  and German languages, although i t  i s  believed that 
very sim ilar resu lts  would be obtained with English. Occasional attempts to 
use “X” Source with Arabic speakers, whilst not en tire ly  unsuccessful, c le a r ly  
illu s tra te d  the d iff ic u lt ie s  introduced by the somewhat uncouth consonantal 
sounds which are found in  a l l  Oriental tongues.

In terms of actual man hours of operating time, i t  is  l ik e ly  that United 
Kingdom “X” Installations have accumulated a greater experience with the 
Ita lia n  and German languages than have the Mediterranean and Middle East 
Organisations. However, clim atic differences and the sp ecial problems found 
onl y  in  active (and overseas) theatres of war combine to exercise a  controlling 

e ffe c t  and to bring about changes of organisation and usage which should be 
recorded in  any complete tre a tise . I t  i s  from th is point of view that the 
present paper is  written.

General History of "X" In sta llatio n s.

“X” Source was f i r s t  introduced into the Middle East by the a rriv a l o f a 
small reconnaissance party of CSDIC, MSP, carrying “suit-case" sets o f 
equipment, early  in  Sep 1940 . One set was immediately in sta lle d  in  the Naval 
Base at RAS-EL-TIN, ALEXANDRIA, where i t  remained for a number of weeks, and 
the other was used, more or less  experimentally, in  the school building at 
ABBASSIA Barracks, to assist the interrogation of some Ita lia n  War Correspondents 
captured by patrols in  the Western Desert (West of MERSA MATRUH). These 
ea rly  attempts were not of great importance from the in telligen ce point of 
view, but did y ie ld  a certain  amount of useful technical data which was 
carefu lly  considered in  relation  to the design of the Middle East CSDIC which 
had been commenced during th is  period of preliminary te s ts .

A s ite  was found for t hi s  main centre on the edge of the desert East of 
MAADI (a resid en tia l area situated on the r i ght  bank of the N ile  some seven 
miles South of CAIRO). Special buildings were designed and constructed to 
house the prisoners and equipment and to comprise the “X” Source In sta lla tio n  
o f CSDIC, MEF. Ten cel l s  were covered i n i t i a l ly .  This in sta lla tio n  was 
complete and ready to function in  time to deal with the flow  of prisoners 
resu ltin g  from the f i r s t  Wavel l  campaign and although operator’ s training had 
not progressed very fa r , did in  fa c t  produce a certain  amount of useful 
in telligen ce  during this period (end Oct, Nov). I t  was functioning s a tis fa c t-  
o r i ly  during the main period of the f i r s t  campaign against the Ita lia n s  in  
Lybia (Dec 40 u n til end Mar 41).
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In the meantime, a small centre had been set up in  KHARTOUM (Dec 40) to  
d ea l w ith prisoners from the East A frican  Campaign. Two c e lls  in  the 
OMDURMAN M ilita ry  Prison were equipped fo r  th is  purpose. A good many tech n ical 
d i f f i c u l t ie s  were encountered, due la r g e ly  to  the u n satisfacto ry  nature o f  the 
accommodation, but the centre did produce a s ig n ific a n t amount o f u sefu l 
“X” In te llig en ce  and was u ltim ately  recovered a t  about the time o f the capture 
o f  ADDIS ABABA (e a rly  Apr 4 1).

In the middle o f Mar 41 a  reconnaissance was made in  the neighbourhood o f 
ATHENS in  order th a t a sm all centre might  be in s ta lle d  to  cover the Greek 
Campaign. A su itab le  s i t e  was found, in  the shape o f  a  la rg e  house a t KIFFISSIA, 
but no in s ta lla t io n  was made. The evacuation from Greece occurred ju st as the 
main CSDIC P arty , with equipment, was about to  l eave Alexandria.

The next new in s ta lla t io n  was made in  a  large  house in  REHOVETH, PALESTINE 
to  cover the Syrian campaign, The engineering work fo r  th is  centre was done on 
1  and 2 J u l 4 1, a fte r  a  prelim inary r econnaissance on 22 Jun. This sm all 
centre (o f four f i t t e d  rooms) was most successful f r om the tech n ica l point o f 
view. I t  was perhaps in e v ita b le , having regard t o the exceptional circumstances 
o f the Syrian a f f a i r ,  th a t the in te llig e n ce  produced b y  “X” Source should be 
as small as i t  was. In one respect the in s ta lla t io n  was p a rt ic u la r ly  in te re stin g , 
the use o f a f a i r l y  elaborate house in  a good r e s id e n tia l area, coupled w ith 
the fa c t  that our guests were l ik e ly  to be French O ffice rs , allowed us to  fu rn ish  
th e guest rooms rather more la v is h ly  than usual. In p a rticu la r  the use o f heavy 
window curtains (fo r  blackout! ) was found to  have a  quite remarkably b e n e f ic ia l  
e f f e c t  on room acoustics.

BAGHDAD was the next fix e d  in s ta lla t io n . I t  follow ed c lo s e ly  on the 
recovery o f REHOVETH, and was commenced in  Mar 42. I ts  purpose was to  cover 
the a c t iv it ie s  in  Iran and Iraq  and to  stand by in  preparation fo r  a  German 
penetration o f the Caucasus. The fortunate fa i lu r e  o f the Germans in  the 
la t t e r  resp ect and the rapid  completion o f the Iran a f f a i r  l e f t  th is  u n it w ith  
l i t t l e  a ctiv e  in te llig e n c e  work and consequently “X” Source was com paratively 
in a c tiv e . I t  was used in  connection wi t h  the in terrogation  o f a  few  German 
agents who were removed from Iran; otherwise i t  functioned purely  as a  tra in in g  
in s ta lla t io n . The long, and op eration ally  in a c tiv e , existence o f PAI Force 
precluded the e a rly  recovery o f the in s ta lla t io n  which functioned s a t is f a c t o r i ly  
from the tech n ical point o f  view  and provided some in te re stin g  a d d itio n al data 
on room acoustics and on the performance o f “X” equipment under severe 
c lim a tic  conditions. The in s ta lla t io n  was eventu all y  recovered in  Mar 43.

Various attempts had been made during 1941 and 1942 to  in s ta l  [sic] a sm all 
centre in  MALTA. I t  was o r ig in a lly  planned to  a s s is t  the D.S. O. in  h is  
S ecu rity  work. However, changes of adm inistration on the island and transport 
d i f f i c u l t i e s  e f fe c t iv e ly  prevented the in s ta lla t io n  u n t il  Mar 43. One s e t  o f 
equipment, sent a t an e a r lie r  date, was sunk between Alexandria and M alta, 
representing the only lo ss  o f equipment in  tr a n s it  which occurred during the 
whole period under review  in  th is  paper. The MALTA centre functioned 
s a t is f a c t o r i ly  u n til  i t s  recovery in  Oct 43, and proved, to  be extremely 
valuable during the period of the operations in  S i c i l y . “X”  Source worked, 
quite w e ll in  sp ite  o f the rather unusual power supply (A.C. a t  100 c .p .s . )  
and two c e lls  were covered.

During Jun 42 a  sm all in s ta lla t io n  was f i t t e d  in  the p o lice  s ta tio n  
(TAGGERT BUILDING) at BETHLEHEM fo r  the com bined use of the D.S. O. P a l. Base 
and the P alestin e P olice  (C.I.D . Branch -  C h ief, G iles  Bey. ) .  So fa r  as 
CSDIC was concerned th is  was purely a tech n ica l commitment, a s in g le  R .Sigs 
O.R. was attached to the P alestin e  P o lice  (and wore th e ir  uniform) fo r  the 
purposes o f maintenance and tech n ical operation when necessary. “Mapping” was 
done by lin g u is ts  of the P alestin e P o lic e . Some great successes were scored 
b y  “X” Source, which m ate ria lly  a ss is te d  in  the rounding-up o f Jewish and Arab 
offenders in  th e “Arms-rack e t” and other nef a r i ous  a c t iv i t ie s .



The in stallatio n  was eventual l y  r ecovered in  Jun 44. Two rooms were covered 
quite successfully during the whole period and the equipment was reasonably 
sa tisfa cto ry  when used with Hebrew and Arabic; the mapping operators were 
experts in  these languages.

Experience with th is smal l  in stalla tio n  in  Palestine indicates that 
“X” Source might usefully  be applied to Police security work in  other parts 
o f  the world. Burma and Malaya, should be fr u it fu l  f ie ld s  when recovered 
and some parts of India might w ell benefit (as has been abundantly proved by 
CSDIC, Red Fo rt, DELHI).

The next development in “X” Source history in the Mediterranean Area 
inaugurated a new phase o f co-operation with American forces. An integrated 
Anglo-American unit was set  up in  BIRKADEM, a v illa g e  about s ix  miles South 
o f  ALGIERS, to function fo r  G-2 Branch, AFHQ. Preliminary surveys were made 
in  March and April 1945, and the Unit commenced to function in May. Six 
rooms were covered by “X” Source, the unit being in s ta l led in  a medium sized 
house which, with i t s  dependent out-houses, formed the central point o f a 
f a ir ly  extensive “proprieté ”.  F rom the technical point of view the house was
profoundly unsatisfactory and the resu lts  obtained were only just about 
good enough. (Admin istra tive  and inter-Command problems had delayed the 
i n i t i a l  reconnaissance u n til p ra ctica lly  a ll the su itab le  accommodation in 
the ALGIERS area had already been requisitioned by other units and formations.) 
Nevertheless, much useful “X” work was done at th is centre which continued 
to function u n til Aug 44. I t  remained an Anglo-American unit u n til Jan 44 
a t  which time most of the B ritish  personnel was withdrawn to  form a  new 
unit in  I ta ly . Signal work, however, remained a B ritish  resp o n sib ility  
throughout, and B ritish  “X” equipment was used during the whole period of 
operation of the centre. Some American equipment was received and tested , 
and three American Signals E.M. joined the unit. The American equipment was 
not put into use at BIRKADEM for the following reasons:

(a) the microphones supplied were incredibly bulky (each weighing 
about 10 lb s .) and could not e a sily  be concealed, and

(b) the equipment was complex in  operation; each recorder required 
the permanent attention o f  a technician and could not be l e f t  
to the tender mercies of non-technical map-room operators.

The B ritish  contingent of CSDIC BIRKADEM was la rg e ly  withdrawn in  Jan 44 
to provide the personnel o f a new CSDIC which was in sta lle d  in  the Naples 
area (at PORTICI ). Again the decision to in sta l [sic] was taken a t  a la te  date 
and a fter  excellent accommodation, requisitioned during Oct ,  had been 
relinquished. Consequently another CSDIC was in sta lled  in  unsatisfactory 
quarters consisting of a number of v i l la s  in  the v illa g e  of PORTICI. Four 
rooms were covered by “X” Source, the acoustical conditions being bad (about 
as bad as those encountered at ALGIERS). Useful “X” work was again 
accomplished despite the strain  imposed on the operators by the poor 
reproduction and the noise of a ircra ft  overhead. (Large formations of 
medium bombers were based around the Bay  of Naples and engaged in  the 
preliminary bombardment before the CASSINO b a ttle  and in  missions over the 
ANZIO Beach-head during this period.)

The e a rlie st opportunity to move th is  unit forward to the Rome area was 
seized. Reconnaissance for a new s ite  was carried out as from 5 Jun 44, and 
excellent accommodation was requisitioned at CENTROCELLE (on ROME-FRASCATI Road) 
on 8 June. Seventeen rooms were f it t e d  with binaural microphones (discussed 
in  some d e ta il in  a la te r  section) and excellent resu lts  were obtained. This 
unit commenced to function on 12 July and is  s t i l l  functioning at the time of 
w riting (May 45). The quality and quantity of in telligen ce provided by “X” 
Source has c lea rly  illu stra ted  the enormous value of a properly designed 
in sta lla tio n  when compared with a “make-do” arrangement in  “next-best” 
accommodation. From the engineering point of view, Rome represents the id eal 
and i t  i s  thought unlikely that present technique w i l l  permit any s ig n ifica n t 
improvement during the remaining period of operation in  the Mediterranean Theatre.
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During August 44, the American Unit, which had remained in  ALGIERS to 
a ss is t  in  providing intelligence fo r  the invasion of the South of France, 
moved to the Naples area to be in  position to handle the f i r s t  prisoners
resulting from that campaign. A temporary in sta lla tio n  was completed in
poor accomodation [sic] at TORRE ANNUNZIATA and a lim ited amount of “X” work was
c arried out. The unit moved, in  toto, into France at the end of Sep 44, and 
passed out of the AFHQ area to come under SHAEF control. B ritish  Signals 
personnel and “X” equipment remain with the unit.

One other s ta tic  “X” in sta lla tio n  remains to be mentioned. A sm all, two-
position equipment was set  up in  ALEXANDRIA during Jun 44 to a ss ist  with the 
interrogation of Greek mutineers .  I t  remained in  s itu  fo r  a period of a  few 
weeks only, being withdrawn as soon as the work o f identifying the ringleaders 
o f  the mutiny was completed.

No general discussion of the history o f “X” Source in  the Mediterranean 
and Middle East Theatres would be complete without a description of the 
development of the Mobile Units. Based on an idea originating in  the U.K. 
these units were modified and developed to su it lo ca l conditions and to keep 
abreast with technical developments u n til they bore l i t t l e  resemblance to the 
orig in al version. This la tte r  consisted of two sp ecia lly  constructed vans, 
mounted on “Green Line” bus chassis, designed to house and transport “X” 
equipment and the necessary attendant Signals personnel. In e f fe c t ,  a  Mobile 
Map Room and Power Station to be moved to a suitable s ite  where prisoner 
accommodation, guards, camp administration etc . were already e x is tin g . The 
type of microphone supplied with these early units was suitab le fo r  in s ta lla tio n  
in  a modern, European type, house. One such unit was sent from U.K. to 
ALEXANDRIA to arrive at the la tte r  port on 1  Aug 41. I t  was removed to MAADI 
fo r  overhaul and testin g.

In a comparatively short period of time, the damage and deterioration 
which had occurred during tran sit were repaired and certain  modifications made 
to the vehicles to enable them to be used, i f  necessary, on the open desert 
(hard surface only). I t  i s  recalled, th at, in  these early  days of war, 
knowledge of Middle East conditions was so l i t t l e  available to  designers in  
the U.K. that the vehicles arrived with only one seat (the drivers) forward of 
the closed van-type body. The essential second seat, for the d river’ s 
companion, who had necessarily to read maps, observe a irc ra ft , e tc . had to be 
f i t t e d  at MAADI before training could commence.

I t  was obvious that the unit would usually be used in  areas where no 
houses e x ist and where troops and P/W were normally accommodated under canvas.  
A microphone suitable for use in  a tent was therefore designed and a su ffic ie n t 
quantity produced to equip four ten ts. Key personnel was trained with the 
un it on various desert training s ite s , and on various long distance runs, 
including a journey through the h i l ls  o f Palestine.  The unit was then attached 
to a  Corps H.Q. in  the Western Desert, taking additional transport, a small 
detachment of guard troops and a W/T equipment in  addition to the “X” Source 
equipment and personnel.  Technically the unit was reasonably sa tisfa cto ry , 
although sandstorms caused some d if f ic u lty  with the maintenance of recorder gear. 
However, i t  was found that the acoustical conditions in a tent pitched on sand 
were so excellent (except when a high wind was blowing) th at recording was 
sc arce ly  necessary. S killed  operators found that they could e a s ily  hear 
everything and succeeded in  making complete verbatim reports without using 
records. This f i r s t  unit came suddenly to  the end of i t s  useful l i f e  when 
a rapid German advance made necessary the destruction o f  the X  Vehicle 
(Temporarily immobile with engine trouble) and the rapid withdrawal of the 
remainder of the unit to base (end o f May 42). I t  i s  worth recording the fa c t  
that the two Dennis bus chassis performed amazingly w ell under conditions of 
use which were certain ly  never foreseen by their designers.

This early  attempt a t the use o f a Mobile Unit, with a forward formation 
provided valuable experience and data. Three main lessons were learnt :-
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(a) Such a Unit must be properly designed and set up with War Establishment 
and AF G.1098. Attempts to modify non-standard veh icles, ex. U.K., were c le a r ly  
bound to f a i l .

(b) “X” Source was shown to be a p erfectly  feasib le  source of in telligen ce  
when used under f ie ld  conditions.

(c) Valuable “hot” information can be obtained i f  “X” Source i s  adapted 
to  allow the random conversation of a number (not necessarily lim ited to two) 
o f O fficer P/W to be observed as soon as possible a fte r  capture.

From this point design and construction proceeded rapidly and two units 
were completed and commenced training. One was trained to operate in  the 
Western Desert and the second was sent to BAGHDAD for training with forward 
formations of PAI  Force. Standard B ritish  Army vehicles were used and the Units 
were made to be completely se l f  contained, self-supporting, and self-accounting.
In view of the e a rlie r  experience i t  was decided to eliminate recording gear from 
th is  la te r  type o f Unit. This decision was strengthened by the development of 
a binaural microphone system, which could be applied to tents and which resulted 
in  such excellent reproduction that recording became unnecessary. (In any case, 
binaural recording could not be achieved and the amount of extra in telligen ce to be 
expected from the use of a monaur al  recording system was estimated to be fa r  too 
small to ju s tify  the added complication.) Instead arrangements were made for 
the units to carry portable X Source equipment (including recorders) o f a type 
su itab le  fo r  the in sta lla tio n  of a s mall sta t ic  unit in  a permanent building should 
suitab le conditions be encountered. This equipment was additional to the “ten t” 
type X Source apparatus which the units were expected to use in  normal operation.
I t  was visualised  that such a completely equipped mobile unit could be used to 
operate in  the f ie ld  attached to a Corps or Arm y HQ or, a ltern ative ly , to form the 
advance “spearhead” of a projected new s ta t ic  unit.

Such has indeed proved to be the case and the units have been used w ith great 
success for both purposes. A mobile unit has operated fo r  Eighth Army from Alamein, 
across North A frica , through S ic ily  and I ta ly  and up to Austria, without a break.
(The orig in al un it, No.100, was relieved  by a second, No.200, ju st before Cassino, 
the origin al unit being withdrawn for a much needed rest and r e f i t . )  No.200 was 
re lieved  by 300 in Feb 1945, and was withdrawn to base for rest and r e f i t .  I t  was 
moved to Florence end March 1945 to form the nucleus of a CSDIC Sub-Centre set up to 
perform interrogations for G .S.(I ) ,  15 A.G. A unit (No. 200) functioned with PAI 
Force u n til A p ril 1945, when i t  was moved to Syria to a ss is t  with secu rity  
interrogations. This second unit was subsequently moved, under i t s  own power, from 
Alleppo [sic] to Bi zerte where i t  operated for a while on P/W evacuated to North A frica  
f r om Ita ly . From Bizerte the unit was sh ifted  to the Naples area as an advance 
s ta t ic  unit (Nov 43) which preceded the Portic i  s t a t ic in sta lla tio n . Meanwhile 
two other units were formed and trained in  the Mid d le East. The f i r s t  o f these,
No. 400, was ready f or action in  time to replace the unit removed from Syria. I t  was 
ultim ately moved from Syria to Palestine, s t i l l  being used fo r  the security  
interrogation of refugees, and eventually to the Canal Area in  Egypt, where i t  took 
part in  the interrogations which followed the Greek Mutiny. This unit subsequently, 
took part in  the E.L.A.S. revolt in  Greece (Nov 1944 -  Jan 1945) where i t  suffered 
disintegration  due to enemy action. Surviving personnel and equipment were moved to 
I ta ly  in  March 1945. The unit was then reformed and i s  now functioning in  Austria, 
The second of the two new units (No. 500) was moved to North A frica  (by road) and 
thence t o Bari in  Nov 43. There i t  remained to handle P/W and refugees from the 
A driatic area and Eastern I ta ly  u n til Feb 1945 when Bari Sub-Centre (CSDIC East) 
was closed down. A f i f t h ,  a l l  American, unit (No .500) was formed in  Birkadem in  
Jan 44 and trained in North A frica. I t  moved to Corsica in  time to interrogate some 
o f  the German P/W from Elba and has since been attached to Seventh Arm y.

X Source has been used in  varying degrees by a l l  those units. The extent o f  use 
has naturally  varied a good deal according to the particular assignment o f  the unit. 
The Army f ie ld  units (attached to Eighth and Seventh Armies) have made excellent 
and consistent use of X and have produced a great deal o f valuable In te ll i gence by 
th is  means. The peak of performance in  this respect was probably reac hed by the unit 
attached to Eighth Army at the t i me of the main (second) attack on CASSINO (May 44).
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The b a ttle  situation enabled th is unit to be situated comparatively close to the 
front lin e with the result that bewildered o ffice r  P/W were heard to discuss 
th eir experiences and the probable future of the b a ttle  only an hour or two 
a fte r  capture. The binaural in sta lla tio n , used in  a marquee type tent in  which 
a number of o fficers  could be put together, proved to be invaluable during th is  
period. I t  may be stated, without reservation, that X Source with mobile units 
has proved thoroughly successful from the technical point of view. Since the 
units were redesigned to include the binaural equipment, X in telligen ce 
obtained has depended only on the extent of usage of the equipment; th is , o f 
course, i s  governed en tirely  by the particular type of interrogations covered by 
a particular unit at any one time.

Development of Technique of Use.

Early operation of X equipment in  the Middle East was based on the methods 
then used in  the UK. O fficers were used exclusively for operators and were 
selected  from the available o ffice r  lin gu ists  by t r i a l  during a preliminary 
train ing period at MAADI (Oct  to Dec 1940), Successful operators were recruited 
from those o fficers  having a “b ilin gu al” knowledge of Ita lia n  (no German being 
needed in  those early days) and whose hearing was normal. These same o ffice rs  
were also trained as interrogators and required to perform both duties by a 
system of rotation. They were instructed to w rite down as much as possible of 
any conversation lik e ly  to be of m ilitary  in terest and to make records o f any 
portions of conversation which they could not e a s ily  hear and o f a ll  important 
remarks or discussions. A f a ir ly  high proportion of a l l  X Source output was 
therefore recorded. The o ffice r  operators “played-back” and transcribed th e ir  
own discs, a process which occupied a considerable amount of time.

Simple methods of stim ulating conversation between P/W, or of directing 
conversation into desired channels, were developed. These consisted of the 
issue of selected newspapers to particular prisoners, “preparatory” discussions 
between an in telligen ce o ffice r  and a P/W, an occasion “fia sc o ” o f Chianti, etc.
I t  was early  realised  that a prisoner’ s f i r s t  remarks to his companion when 
returning from an interrogation often shed considerable lig h t  on the resu lts  o f 
the interrogation and the practice of covering the reaction to  each D .I. became 
routine.

The organisation of X Source remained substantially  unchanged u n til 
Sept 1942 at which date N.C .O. (Sgt) lin g u ist operators were f i r s t  used, (German- 
speaking in telligen ce o ffice rs  had, o f course, commenced to operate with the 
appearance of the German forces in  the Western Desert.) Various reasons 
supported the decision to use other-ranks as operators. Among these may be 
mentioned:-

(a) The d iffic u lty  of obtaining su ffic ien t o ffic e r  lin g u ists .

(b) The need for r e a lly  f ir s t-r a te  lin g u ists,

(c) An economy was effected.

(d) I t  was desired to extend the use of X Source and an addition to the 
o ffic e r  establishment of CSDIC for th is purpose would not have been 
authorised.

N.C.O. lin gu ists were recruited from Palestinian subjects, those chosen 
being usually Jews who had fle d  from persecution in  ITALY, AUSTRIA and GERMANY.
A careful security check was made on each prospective recru it by the m ilitary  and 
c i v i l  (police) security organisations in  PALESTINE. Only personnel already 
en listed  in the B ritish  or Palestine Armies was considered fo r  X work. Some 
twenty satisfactory  recruits were e a sily  obtained and were put into training.
In general they proved to be exceedingly keen and quickly acquired the necessary 
army, navy and a ir  force “backgrounds” . Men o f a  reasonably high educational 
standard were selected so that language d if f ic u lt ie s  disappeared altogether. Many 
had a good knowledge of either Ita lia n  or German shorthand.



The output of intelligence from X Source began to r ise  soon a fter the 
N.C.Os. took over. This was partly  due to the fa ct that they were instructed 
to write down everything they heard (instead of selecting important remarks 
and conversations only) and p artly  due to their native knowledge of the languages 
concerned. A contributory feature was also the system of “central control” 
which had been introduced in preparation for their arriva l. This system involved 
the use of a central switchboard, operated by an o ff ic e r , by means o f which 
connection could be effected between any X Room and any chosen operator’ s 
position. The o ffic e r  could monitor any operator’s position without the 
knowledge of the operator or could concentrate more than one operator 
simultaneously to work on an important station. He could also conveniently 
arrange for a single operator to maintain a general watch on t wo  or three stations 
which were temporarily unproductive. The central control system proved to be 
extremely useful during the early training period of the f i r s t  batch o f N.C.O. 
operators and was used consistently during their f i r s t  few months of work. By  
th is  time the operators had become accustomed to good operating d iscip lin e and had 
c le a r ly  demonstrated their interest in  the work; r ig id  control was therefore 
relaxed. The “central control position” remained as a switching point from 
which the necessary connections for a “sh ift”  o f work were made. I t  was also 
used from time to time by a cadre of experienced N.C.Os. to a ss is t  in  the 
training of reinforcements.

The N.C.O. operators were not used as interrogators but specialised  so le ly  
on X Source, Arrangements were made for some of them to see (and occasionally 
to  ta lk  with) the prisoners under observation. (This was found to be an 
important aid to the id en tification  of the individual voices.) Their keenness, 
and the excellence of th eir lin g u istic  qualification s, brought about a great 
reduction in the use of records. Pr a c tic a lly  no discs were cut to cover passages 
which could not be heard and recording was reserved for important conversations 
fo r  which confirmation of the N.C.Os. notes was desirable. Following the long 
established practice in the reproduction of X reports, the notes of the operators 
were passed to a “cutting” o ffice r  (one for each service concerned) who marked 
those passages which he considered su ffic ien tly  important to warrant inclusion 
in  an X report. These passages were translated (by o fficers) and assembled into 
a complete report by the editing o ffice r . The industry and s k i l l  of the N.C.O. 
operators produced a large proportion of notes of conversations which were not 
o f operational or technical importance but which occasionally contained economic 
in telligen ce  or indications of morale. Such notes were su itab ly  paraphrased and 
the subject matter included in  non-operational Intelligence reports.

The method of covering a prisoner’ s reaction to d irect interrogation was 
developed; the N.C.O. operator quite often listened  to the actual interrogation 
(making notes to assist the interrogating o ffice r) before awaiting the reaction. 
Interrogating o ffice rs  frequently listened to reactions in  company w ith the 
N.C.O operator.

During the period of development described above (which extended from about 
Oct 42 u n til Jan 43) the various lessons learnt were immediately applied to the 
mobile units. N.C.O. lin guists were added to the War Establishment of these 
la t te r  units and were trained in  the use of mobile equipment, p articu la rly  with 
the binaural equipment. This la tte r  was arranged so that, with a l i t t l e  training 
a good operator could select for observation a single conversation taking place 
at the same time as o ther, separate conversations, in  a  large tent f u l l  of 
people. A means of discrimination was provided, and i s  described la te r , whereby 
th is  single conversation could be followed by a trained operator, interference 
from the other discussions being avoided.

A ll new development work on the technique of use of X Source was carried 
out at MAADI u n til July 1944. The standard technique, as developed at MAADI, 
was adopted by a l l  other CSDIC units in  the Med area, whether s ta t ic  or mobile. 
These standard te chniques (for the s t a t ic and mobile methods became d istin ct 
w ith the introduction of the mobile binaural equipment) remained substantially  
unchanged from about Oct 1942 un til July 1944. During th is period X Source was 
responsible for the production of a great bulk of in telligen ce m aterial. I t  i s
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I t  i s /
sometimes not s u f f i c i e n t l y  c l e a r ly  r e a l is e d  th a t  the output o f  X Source cannot 
p ro p e r ly  be  j udged b y  an exam ination o f  the X R eports p u b lish ed . A high 
p ro p o rtio n  o f  op eratin g  time i s  devoted to  co verin g  re a c tio n s  to  D . I ’s .  (th e re b y  
c o n f irmin g  or d is c r e d it in g  the in form ation  obtained b y  th e  in te r r o g a t io n  o f f i c e r s ) 
and none o f  the o p e ra to r ’ s  n o tes produced fo r  t h is  purpose are p u b lish ed  as 
X R eports. Much u s e fu l in t e l l ig e n c e  o f  a n on -op eration al ( e .g .  economic) 
c h a ra c te r  i s  paraphrased f o r  p u b lic a tio n  on a  wide d is tr ib u tio n  and does not 
appear in  X R eports. I t  i s  estim ated  th a t, on the average, not more than 20% 
o f  o p e ra to r ’ s n otes are p ublished in  X R eports.

A d iscu ssio n  o f  tech n iq u e o f  use should lo g ic a l ly  in c lu d e  some mention 
o f  the hours o f  operation o f  X Source. O perating p eriod s must o b v io u sly  be 
designed to  f i t  in  w ith  p eriod s o f  e x e r c is e , s le e p , m eals, e tc .  In g e n e ra l i t  
has been u su al to  arrange fo r  p riso n ers to  be ex e rc ised  from about 1030 hrs 
u n t i l  lunchtime and again a t  about teatim e. C arefu l ob servation s over the 
whole 24 hours have in d ica te d  th a t the a f t e r  b re a k fa st p eriod  (about 0830 u n t i l  
1030) sometimes produces a c e r ta in  amount o f  con versation . The p erio d  lunchtim e 
u n t i l  about 1700 hrs i s almost always “blank” . (This was not unexpected in  hot 
c lim a te s  but appears s t i l l  to  be tru e during w in ter weather in  ALGIERS and ITALY) 
The period  1700 hrs u n til  bed-tim e i s  the most productive s tr e tc h  o f  the day 
w ith  the in te r e s t in g  conversations u su a lly  occurring between dinner and bed.
Thus two s h if t s  o f  approx 0830 u n t i l  1100 and 1700 u n t i l  s le e p in g  have u s u a lly  
been covered by X Source in  s t a t i c  u n its . O ccasio n ally  the mid-day meal and 
p eriod  immediately fo llo w in g  (1230 u n t i l  1400 hrs) have a lso  produced conversations 
o f  some value. C le a r ly  prearranged s h if t s  cannot be organised fo r  mobile u n its ; 
p riso n ers a rriv e  a t odd times and are u su a lly  worth covering immediately (u nless 
they are com pletely t ir e d  ou t).

Since Ju ly  1944 i t  has been found p ossib le  to  in s ta l  [sic] b in au ral equipment in  
s t a t i c  centres and to  obtain an advantage from such an in s ta l la t io n . Th i s  
m od ification  has not brought about any major changes in  operating technique.
P/W rooms remain sm all, and designed to  accommodate only two people a t  a  time, 
so th at no problem o f  discrim ination between simultaneous conversations a r is e s .  
Operators are required to  manipulate le s s  con tro ls than p rev io u sly  and no new 
operations have been introduced. Changes in  technique are a l l  based on the fa c t  
(which has been abundantly proved in  operation) th a t the binaural system g iv es 
g r e a t ly  improved reproduction and thus g re a tly  reduces the fa tig u e  o f  operators.
I t  i s  now reasonably easy fo r  a  trained operator to  make verbatim rep o rts o f  
long conversations without resource to recording. Extraneous noises exercise  
on ly  th e ir  natural in terfe rin g  e f fe c ts  without the gross m agnification norm al l y  
experienced when using a microphone. Operators may therefore reasonably be 
expected to produce an increased and improved output and to  obtain a t le a s t  the 
general sense o f even the most d i f f i c u lt  whispered conversations. These improve
ments and sim p lifica tio n  have had th e ir  e ffe c t  on the general usages to  which 
X Source can be put and i t  has been found possib le  to apply X Source exten sively  
and su ccessfu lly  in  the d i f f i c u lt  f ie l d  o f Counter In te llig e n ce  work.

Technical Developments:-

Technical developments may most  conveniently be discussed under three 
general headings, v iz  :-

(a) The elim ination of weaknesses in  the equipment as o r ig in a lly  issued. 
(P ra ctic a lly  a l l  d i f f ic u lt ie s  encountered were due to lo c a l and 
clim atic conditions.)

(b) The development of new equipment and devices.

(c) The absorbtion of new equipment and devices produced in  the U.K. during 
the period under discussion.



(a) I t  was fu lly  expected that equipment designed o rig in ally  fo r  use in  the 
U.K. would probably suffer from the effects  of the Egyptian climate. Steps were 
taken to maintain a careful watch on the performances of the various pieces of 
apparatus comprising the complete equipment; a certain amount o f testin g  
equipment was supplied from the U.K. with the f i r s t  consignment o f X apparatus 
to fa c il ita te  the organisation of a comprehensive system of routine testing.
This testing gear was su fficien t to permit the measurement of the e le c tr ic a l 
performance of each individual part of the c ircu it . However, i t  was expected 
that degradation in  the overall performance of the microphone and telephone 
receivers might w ell occur due to severe clim atic conditions; acoustical, as 
w e ll as e le c tr ic a l measurements had therefore to be made. To th is  end a primary 
acoustical standard, in  the form of a Rayleigh d isc, was constructed and 
calibrated. The disc was used with a resonating tube (standing-wave technique) 
fo r  the d irect measurement of microphone frequency ch aracteristics. An “a r t i f i c ia l  
ear” was constructed and calibrated (against the Rayleigh disc standard) and 
used for the measurement of receiver earpiece frequency ch aracteristics.

I n it ia l  tests of equipment made during the origin al in sta lla tio n  revealed 
l i t t l e  trouble except for an abnormally high proportion of fa u lty  e le c tro ly tic  
condensers. This trouble continued during the early  period o f operation and 
reached alarming proportions. The condensers were c lea rly  suffering from the 
e ffe c ts  of high temperature but, since many were fa u lty  on a rriv a l, i t  was 
suspected that most of the damage had occurred during the long voyage round the 
Cape to Suez. (The bo iler room of a ship making slow progress in  the Red Sea 
during Sept is  apt to become excessively warm.) A fresh consignment of 
condensers, specia lly  stowed in  a  cool part of the ship, arrived in  good condition 
in  time to save the situation. The condensers for subsequent consignments of 
equipment have always been shipped (or flown) separately and no further troubl e 
has been experienced due to this cause.

The f i r s t  few months of operation in  MAADI revealed the three main 
weaknesses; no further serious troubles have been (or are now lik e ly  to be) 
encountered.

( i)  The rubber (latex) damping material controlling the motion of the 
armature of the cutting-head (type CH- 3) deteriorated very rapidly. 
Renewal was necessary very three months. This trouble was reduced 
by the a rriva l, from U.K., o f some synthetic rubber to replace the 
la tex  but the frequency characteristic o f the cutter heads suffered 
due to the use of th is  rather le ss  e la s tic  material. A contributory 
factor in  the early disintegration of the rubber damping was the 
rapid and excessive rusting of the pole pieces o f the cutting head.
This trouble was eliminated by replacing the original iron polepieces 
by new ones constructed of a stain less “magnetic a llo y” . These 
various troubles stimulated the development of a cutter-head of
new design; the resu lts of th is  research, which was carried out in  
the U K ., are discussed in  a subsequent paragraph,

( i i )  The lead-screw bearings and the driving motor bearings of the 
recording machines suffered from the abrasive e ffe c ts  of fin e  p artic les  
of sand. The main trouble with the lead-screw occurred with the
end thrust bearing and was e ffe c tiv e ly  cured lo c a lly  by inserting a 
single ball-bearing to take the thrust. Motor bearing troubles were 
reduced to manageable proportions by a system of routine maintenance 
involving the dismantling and cleaning of each motor every ten weeks.

( i i i )  The most serious trouble occurred w ith  the microphone capsules. A fter 
a period of exposure to temperature above 100°F. the thin  duraluminium 
diaphragms became distorted and the speech-coils fouled the poles
of the magnets with disastrous e ffe c t  on the frequency ch aracteristics. 
Instruments kept in  reasonably cool storage did not usually exhibit 
the e ffect but a l l  those exposed to the prevailing conditions of
normal use fa ile d  in  a comparatively short period of time (3 to 6 

months). The actual period of useful l i f e  varied a  good deal between 
samples, and, o f  course, with the prevailing conditions of use,



The instruments used in  KHARTOUM were useless a fte r  less  than three 
months service. Those used in  MAADI lasted about three months during 
the hottest period of the year and for rather longer in  the winter. At 
f i r s t  the only available solution was a periodic supply of new 
capsules sent by a ir  to replace fa ilu res. The instrument manufacturers, 
in U.K., attempted re-design to avoid the trouble and recent samples, 
believed to be of modified construction, are much more stable. The 
d iffic u lt ie s  resulting from microphone troubles have naturally 
become less  as CSDIC installations have moved into Europe and away 
from the extremes of heat which are occasionally experienced in  A frica, 
The various amplifiers and the telephone receivers have exhibited a tru ly  
remarkable s ta b ility  over the whole four-year period, and no criticism  
of their performances (given normal maintenance) i s  ju stifie d .

(b) The development of new equipment has been directed mainly towards the 
production of a re liab le  and e ffic ie n t equipment for a mobile unit (designed to 
operate in  the fie ld ) although more recently e ffo rt has been concentrated on the 
improvement of reproduction at s ta tic  in stallatio n s.

The f i r s t  important job to be tackled was the in sta lla tio n  of X in  a 
standard 180-lb  tent. This was, of course, a straightforward problem of
microphone design; taking into account the need for e f f i c i ent concealment. A 
microphone was designed (and constructed) having a short length of copper tube 
attached as the “sound conduit” leading to the diaphragm. The tube was about 
f iv e  inches long and one quarter of an inch internal diameter. The tent pole was 
d r ille d  up the centre (from the base upwards for about one foot) with a hole 
which would just accommodate the external diameter of the tube. Holes were then 
d r ille d  across the pole, as for tent hooks, in  a regularly  spaced manner down the 
pole. The lowest hole intersected the v e rt ic a l hole extending up the axis of 
the pole and so formed a “connection” with the copper “sound conduit” leading to 
the microphone proper. This la tte r  was buried beneath the tent pole and separated 
from i t  by a “sandwich” of  wood, sorbo rubber, wood (each section about ¾- inch 
th ick  and about 5-inches square). The copper tube from the microphone passed 
through clearance holes (about one inch diameter) in  the sandwich. The whole 
combination of microphone, sandwich and the lower two or three inches of pole 
were buried (a tent pole normally does penetrate below earth surface when the 
tent is  pitched on sand). The lead from the microphone was, of course, also 
buried. The wood and rubber sandwich served to iso late  the microphone from 
mechanically transmitted “creaking noises” which are inseparable from any tent pole.

This type of microphone worked quite w ell and gave a surprisingly good 
reproduction of speech despite the harmful e ffe c t  o f the tube on the frequency
ch aracteristic. Noises were not serious except in  a high wind when X became 
impossible. The security of the arrangement was quite good since i t  would have 
been necessary for the occupants to l i f t  the tent pole v e r t ic a lly  (no mean feat) 
in  order to discover the microphone. (The wire from the microphone was buried 
some eighteen inches below the surface le v e l in  the ten t.) Prisoners are not 
naturally  suspicious of the f i r s t  tent in  which they are accommodated a fte r  capture

Tests with binaural equipment were commenced in  June 1942. Their origin al 
purpose was twofold, v iz

(i)  To improve the quality of reproduction and remove the d is a b ility  
introduced by the tube, and

( i i )  To attempt to produce a system which  would allow operators to 
distinguish a single conversation from a medley.

Two “spherical” type microphones were inserted, on opposite sid es, within 
the “Turk’ s Head” on the pole of an EPI (marquee type) ten t. (It  w i l l  be 
recollected  that this Turk’s Head i s  a spherica l  protuberance mounted a x ia lly  
on the pole, and near to the top, to support the inner tent about one foot below 
the outer tent (fly-sheet) . The Turk’s Head was roughly the s ize  of a  human head 
and the microphones were mounted in  the equivalent re la tiv e  positions o f the two

/ ears.



Each microphone was connected by means of a separate lead to one earpiece of a 
p air o f head receivers, a separate microphone amplifier being used in  each lead. 
The wires from the microphones were threaded through a hole d rille d  down the 
axis of the pole and carried underground at the foot of the pole (plug and 
socket j oints being used to connect the short lengths of lead which extended 
beyond the base of the pole with the main leads to the am plifiers).

Preliminary adjustments of loudness of reproduction were made, using the 
separate gain control knobs of the two am plifiers, in  order to obtain a 
comfortable volume of sound and an equality of loudness from the two earpieces 
forming the pair of headgear receivers. With th is adjustment i t  was found 
that quite remarkably natural reproduction of speech from the marquee was 
obtained. Most observers were also able to estimate approximately whether the 
speakers seemed to be “in  fr o n t”, “behind” or at either side. Conversations 
which seemed to be coming to the listen er from one side could usually be 
considerably c la r ifie d  by a c r it ic a l  adjustment of the loudnesses, one earpiece 
being strengthened s lig h tly  and the other weakened. ( i t  must be remembered 
that reverberation was completely absent.) This la s t  adjustment was su ffic ie n tly  
e ffe c tiv e , and su ffic ie n tly  discriminating in  i t s  directional e ffe c t , to allow 
the average operator to select one particular conversation from four en tire ly  
separate discussions which were progressing simultaneously. This selected 
conversation could almost always be written down without interference from the 
others. Extraneous noises, such as the sounds of birds, aeroplanes, woodcutting, 
e t c . ,  receded to their normal perspective ( i .e .  the l is te n e r 's  normal power of 
directional concentration, usually completely lo s t  when headphones are worn, 
was returned to him).

These results were most gratifying and an immediate decision to incorporate 
one such binaural c ircu it  in  each mobile unit was t aken. The success o f the 
Turk’s Head microphone mounting led to tests  with a single spherical microphone 
mounted in the smaller Turk’s Head used on the poles of 180-lb (Indian pattern) 
ten ts. Quality of reproduction was found to be superior to that given by the 
“ tube” type of tent-pole microphone. This new mounting was also standardised 
fo r  a l l  mobile units. Each of the fiv e  mobile units now operating i s  equipped 
with one binaural marquee and two monaural 130-lb tents; a single box of four 
microphone amplifiers i s  provided for each unit.

The developments described above were completed in  June -  July 1942, and 
have remained standard for mobile units since that date. Progress with new 
equipment for s ta tic  s ite s  was rather slower. This was p artly  due to the fact 
that reproduction at most CSDICs was reasonably good, the rooms having been 
sp ecia lly  b u ilt  or specia lly  modified fo r  X, u n til the ALGIERS i n s ta lla t ion was 
made. I t  was assumed (and without j u stifica tio n  as was la te r  to be shown) that 
the advantage of a binaural system would be significant only when almost perfect 
acoustical conditions (e.g. a tent) were encountered. However, the BIRKADEM s ite  
made available for X s ix  rooms which could not be improved with available lo c a l 
resources and which were, in varying degrees, bad from the acoustical point of 
view. Reproduction from the standard room microphone was only just about good 
enough to permit reasonably e ffic ie n t X work.

A binaural system, consisting of two microphones mounted as ears in  a 
life -s iz e d  wooden model of a human head, was therefore tested  in  a room having 
exceedingly bad acoustics. Comparisons were made between the reproduction given 
by the binaural system and a monaural system which consisted of one of the “ears” 
working to the same headgear receivers (the earpieces being connected in  series 
in the usual manner). A number of observers were used to make th is  te s t , some 
being sk ille d  listen ers and others unpracticed [sic] laymen. Results were 
overwhelmingly in  favour of the binaural link. Reverberation e ffe c ts  were le ss  
troublesome and extraneous noises receded into the background when a  switch-over 
from monaural to binaural listen in g  was made. These resu lts were most 
encouraging since i t  was already known that the binaural system showed a marked 
advantage when used under good acoustical conditions. Tests  made from the P/W 
c e lls  in BIRKADEM confirmed the superiority of the binaural system when used 
under conditions intermediate between the very good and the very bad.



A further series of tests indicated that the exact mounting of the two 
microphones on a model head is  not an essential preliminary to success with the 
binaural system. So long as the instruments are spaced at about the right 
distance apart then results are generally good.

The ALGIERS tests were completed in Nov 1943 but shortage of equipment and 
unsuitable accommodation delayed the f ie ld  t r ia l  of a binaural X installation 
un til July 1944, when a fu ll-scale  equipment was fitte d  in ROME. Results have 
more than ju stified  expectations and this system is  now regarded as standard for 
s ta tic  CSDIC units. Further experience of binaural working has been obtained 
at the 15 A.G. CSDIC Sub-Centre in FLORENCE, where excellent results were 
obtained from four rather unpromising rooms.

I t  is  probably fa ir  to include in this section of the paper some record of 
the progress of knowledge of what may be termed the “theory of X Source” . This 
can best be done by reproducing some of a series of memoranda written during the 
period end 1942 until mid 1944. Since they are, in some cases, rather lengthy 
they have been attached as Addenda to the paper as a whole.

Addendum I was originally written in  Oct 1942 with the object of starting a 
suitable train of thought in the minds of I . O ’  s newly introduced to X Source 
at CSDIC, BRISBANE. The remarks in para 5 relating to binaural listening are 
interesting in the light of subsequent developments.

Addendum II is  an extract from a memorandum written in Oct 1943 and states 
the principles of design of X installations then thought to be fundamentally 
sound.

Addendum III records the results of “indoor” binaural tests made in  ALGIERS 
in  Nov 1943. Some remarks are included which express satisfaction with the 
manner in which these test results confirm the simplest f ir s t  principle 
considerations; physical imperfections of early equipment are held responsible 
fo r  the development of the false theories of the past.

Addendum IV is  an extract from the f ir s t  general report on the performance 
of the ROME installation.

(c) The main new developments made in the U.K. and put into use in the 
Mediterranean and Middle East areas during the four year period under discussion 
were

(i) Portable “teak-box” type of recorder table. This immediately became 
standard and replaced the earlier type of recording table with ten- 
position key-type selection panel. The new table was primarily adapted 
for use with mobile units but was found to be equally satisfactory 
with static  installations. A convenient and excellent piece of 
equipment.

( i i)  Cutting head type CH4. This modified cutting head, designed on 
entirely new principles and not merely “developed” f r om CH3, suffered 
from certain early teething troubles but is  now giving excellent 
results. The stab ility  of these instruments is  adequate and the 
frequency characteristic excellent. A good design which should be 
produced in greater quantity; supplies have been, on the whole, 
insufficient.

( i i i )  Modified X equipment designed to work entirely from 12v batteries. 
(Vibrators are used for H.T. supplies.) This equipment has been 
installed in two mobile units and is  found to be very good indeed.
A combined recorder-playback machine is  used and is  thought to be an 
excellent innovation which should be standardised for a ll  X 
installations.



Lessons Learnt:-

I t  has been clearly established that the successful use of X Source depends 
entirely on the proper selection and correct training of the operating personnel. 
Operators must be trained as specialists and must concentrate on their X duties 
exclusively. These duties should include opportunities for seeing, and 
conversing with, the prisoners in order that personalities may be assessed 
first-hand and voices remembered and associated with individuals. (Such 
opportunities arc easily arranged by including operators in the personnel used 
for “intake” and P/W welfare duties.) Lectures on the “battle situation”, 
enemy organisation, e tc ., are essential i f  operators are to be kept up-to-date 
in their knowledge of the enemy. (Air Force and Naval lectures must be arranged 
as well as talks on Army subjects.) Talks on technical subjects, including 
practical demonstrations of equipment (e.g . layout of controls in a ircra ft, methods 
of firin g  guns, e tc .) , help to stimulate the interest of an operator and allow 
him to take an intelligent interest in the subjects discussed by Ps/W. Such 
training can easily be sandwiched in between operating schedules; more ambitious 
training can be arranged during periods between battles which produce comparatively 
“slack” conditions. Operators require l i t t l e  or no training in the actual 
manipulation of their equipment; provided that they are keen, have an adequate 
m ilitary background and are language perfect then proficiency is  easily  obtained 
by practice. Certain general instructions as to procedure (e.g. “write down 
everything which is  said”) are necessary and routine instructions for discipline 
have been found to be essential. X work can easily  deteriorate into a  drudgery 
(and a very fatiguing drudgery at that) and no effort must be spared to stimulate 
and maintain interest. Spells of duty should not be too long; four hours is  
probably the longest period of unbroken listening that can be expected without 
perceptible loss of efficiency.

Great care must be taken in judging the efficiency of an X installation  
from the point of view of quality of reproduction and in te llig ib ility  of speech.
A “snap” test, made by a few (not necessarily average) observers, may be 
extremely misleading. I t  is  possible, when listening for a few minutes, to “hear 
every word” even when the quality and in te llig ib ility  are very poor. The 
excessive fatigue of operators using such a poor installation reveals the true 
state of affairs and judgement must always be based on an observation of the 
performance of trained and experienced operators detailed to work the installation. 
Improvements in reproduction seem to be ju stified  even when “very good” results 
have already been obtained. The better the reproduction (and complete naturalness 
i s  the ultimate goal) the less the fatigue of the operator with a consequent 
increase in the re lia b ility  of his notes.

An important corollary to the improvement of the quality of reproduction is  
a reduction of the need for recording. This is  defin itely an advantage since 
a record, once made, must be played-back and transcribed -  a process which usually 
takes a good deal of time. It  has not  usually been found possible to maintain a 
separate s ta ff of transcribers so that this additional work, of very irregular 
incidence, has necessarily to be performed by the X operators. Proper schedules 
of operating sh ifts then become d ifficu lt  to arrange. With re a lly  good operators 
and a binaural installation recording is  not essential although i t  forms a 
valuable means of checking important, or controversial, points in an operator’s 
notes. Future installations are visualised as consisting of binaural installations 
having available a single combined recorder-playback unit for each position.

Early theories relating to the extent to which prisoners might be expected 
to suspect the existence of X have proved to be largely unfounded. The 
occasional “tough Nazi” has been encountered who has whistled more or less 
continuously whilst his companion was talking but usually f ir s t  suspicions have 
died quite quickly to be followed by free discussion. Sometimes an abortive 
search for “the microphone” has been followed, almost immediately, by a very 
valuable conversation. Prisoners have been known to whisper their f ir s t  remarks 
together but whispering is  d ifficu lt  and cannot be kept up for long; voices soon 
become normal and suspicions are soon forgotten (or, at any rate, put comfortably 
into the background). This knowledge has a definite bearing on the design of
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design of/
future X installations. In the past, in overseas theatres, i t  has been usually 
assumed that special furnishings or extra comfortable quarters would aggravate 
the suspicions of Ps/W. Consequently bad acoustical conditions have been 
tolerated even when i t  was known that these could be considerably ameliorated by 
the introduction of comfortable furnishings into the ce lls . I t  i s  expected that 
future design w ill permit the arrangement of reasonably pleasant liv in g  quarters; 
prisoners w ill almost certainly explain the unaccustomed luxury of their 
surroundings as having some connection with the attempt to obtain information 
from them by means of direct interrogation. I t  is  probably true to say that 
too much furnishing would have been dangerous in the early days of the war; 
suicide attempts might well have been facilitated . However, i t  i s  now seen that a 
more or less continuous process of improvement of quarters (and hence of 
acoustical conditions) might safely have been organised over the past two years.

Prisoners are practically never suspicious of a tent. This fa ct has 
rendered X Source of great value in forward areas and i t  i s  fe l t  that a mobile 
unit attached to G.S.I. of an Army HQ has been clearly shown to be w ell worth
while. Army Group and Army Commanders, as w ell as senior intelligence officers 
at the same HQ’s, have a l l  demanded “i mmediate” copies of X (in German) during 
periods of large scale battles. (CASSINO was a good example.) Senior officers 
are understood to have found this glimpse of the enemies “real thoughts” to be 
very valuable; this is  quite aside from the normal intelligence value of the 
information obtained in the reports.

The principle of “echelons” applied to the use of X Source is  thought to 
be fundamentally sound. Thus mobile units should be attached to Army HQ with 
instructions to use X for the purpose of supplying tactica l and technical 
information of use to the Army Commander. X Source installed  at main CSDIC 
units attached to GHQ of a Command should function primarily to produce 
information of value to the G.O.C-in-C of that Command. Strategical, tactica l, 
technical and morale information w ill a l l  be involved at th is echelon. Finally 
X Source used on the Chiefs of General Staff level should undertake long-term 
surveys of enemy trend of thought e tc ., and should study in detail (over a 
considerable period of t ime) the conversations of senior enemy officers captured 
in  the various theatres of war.

I t  i s  believed that important intelligence information might be made 
available by means of a s ta tis tica l survey of the incidence of various types of 
remarks in the notes made by X operators. A paper was written on this subject 
in  Apr 1944 and is  reproduced as Addendum V. Introduction of the proposed 
method of assessment of X information was impossible in the Mediterranean theatre 
at that time due to a shortage of qualified personnel. In the event of X being 
required, on a large scale, for a future war i t  is  fe l t  that some such 
continuous sta tis tica l survey should be instituted as routine technique.

Enemy Use of X Source in the Mediterranean Area:-

Available evidence to date suggests that the Germans made l i t t l e  or no use 
of X in the Med. area. Presumably their good “internal” lines of communication 
permitted them to concentrate a l l  such work in Germany proper.

The Italians certainly used X in Italy; no evidence of i t s  use elsewhere 
is  available. Italian intelligence officers have not been questioned on the 
subject since Ita ly  became a co-belligerent; our knowledge is  derived from 
examinations of old Italian interrogating centres, the location of which became 
known from the interrogation of Allied escapers.

MANZIANA (Lake BRACCIANO) contained the main Italian Naval interrogating 
centre. When examined in July 1944 this s ite  was found to be substantially 
destroyed. A ll indications suggested that X was not used there although this 
may not be stated with certainty.



POGGIO MERTETO (Prov. LAZIO) was the main Air Force interrogating 
centre (housed in a requisitioned convent). Here X defin itely was used. 
Microphones had been installed in three of the upstairs rooms; the wires 
leading from holes in the ceilings to a cupboard (on the ground floor) 
which had housed amplifiers (confirmed by the “marechiallo” caretaker) 
were found. A fourth wire disappeared to an unknown microphone location 
which was probably in the grounds.

At FUIGGI (Grand Hotel) the Germans arranged a P/W collecting point. 
This was probably taken over from the Italians. Remaining evidence 
indicated the strong possibility of microphones in some of the top-floor 
rooms. This floor was specially treated with security wiring and was 
divided into a considerable number of small rooms.

General indications are that the Italians made no very great technical 
or organisational efforts to perfect the source.



ADDENDUM 1 to APPENDIX I .

SOME OBSERVATIONS ON THE USE OF A MICROPHONE- TO-REPRODUCER LINK

PRECIS

The functions of a microphone-to-receiver  or microphone-to-loudspeaker 
system are defined in  general terms. The main requirements of such a system, 
in  order that i t  may f u l f i l  i t s  functions, are derived from a considertation [sic] of 
the characteristics of  a listen er who listen s d irectly  to a talker in  normal 
indoor surroundings. The degree to which these ideal requirements are attain
able i s  discussed as are the e ffe c ts  of unavoidable imperfections. Certain 
psychological d if f ic u lt ie s  experienced by a listen er using such a system are 
considered and the fa ct of their existence i s  noted although no attempt is  made 
at a quantitive [sic] assessment of their e ffe cts .

( 1 ) General.

This memorandum has as i t s  object the consideration o f the microphone-to- 
reproducer lin k  from a purely functional point of view. Neither the structure 
o f  the instruments themselves nor the physical laws which govern and describe 
th e ir  operation concern us here although we sh a ll, o f necessity, be forced to 
take notice of the lim itations of performance imposed by p ra ctica l considera tio n 
o f design and structure.

What then i s  the function o f the link? A precise statement should form a 
convenient introduction to a general discussion.

I t  may be said that the single function of the arrangement i s  to  act as 
an extension (in  space) to the hearing fa cu lty  of a liste n e r and e ffe c tiv e ly  
to transport the listen er to the v ic in ity  of the sounds which i t  i s  desired to 
hear w hilst permitting him actually to remain elsewhere. In actual fa c t ,  as 
our everyday experience of telephones and broadcasting teaches, the p ra ctica l 
lin k  commonly f a l l s  fa r  short of th is id eal. There are a number of possible 
d is a b ilit ie s  which may supply reasons for the fa ilu re  and i t  is  usual for 
several of these d isa b ilitie s  to operate simultaneously. Before attempting 
a  detailed analysis of the lin k  and i t s  p ra ctica l lim itations i t  w i l l  be 
convenient to consider the main characteristics of a liste n e r situated in  the 
actual v ic in ity  of the sounds which i t  i s  desired to  hear. The e ffe c ts  o f the 
whole lin k  (and of i t s  separate parts) on these characteristics may then be deal t  
with in  lo g ica l sequence.

(2) The Listener.

For the purposes of illu stra tio n  le t  us consider a talker and a liste n e r 
situated reasonably close to one another. I t  must be appreciated that any 
given environment imposes i t s  own acoustical conditions upon either ta lkers or 
lis te n e rs . The average c iv ilis e d  person, with a wide experience of many diverse 
types of surroundings, has learnt subconsciously to adjust him self to the 
acoustical conditions in  which he finds himself. Conscious adjustment i s  only 
necessary when the most unusual conditions are encountered,  e .g . the enormous 
“boom” of s ome cathedrals or [the] dreadful “deadness” of a padded c e l l .  (Occasionally 
however the need fo r  readjustment i s  brought home to  us even in  the most f amiliar
surroundings; we have a l l  experienced the marked change in  the “fe e l” o f a  well-
known room in  the home when [the] room has been cleared of i t s  furnishings fo r  
redecoration). A talker will tend automatically to speak in  a tone of voice 
suited to his environment and a listen er in  the v ic in ity  w i l l  equally automatic[ally] 
accept his voice as being normal. In actual fa ct a “normal” voice i s  hard t o 
define; the same person carrying on a conversation in  the open a ir  may w ell use 
ten or twenty times as much energy as when talking in  an equally “normal” voice 
indoors in  a small room. The liste n e r w ill not appreciate the change mainly 
because of the much greater dispersion of the energy in  the open a ir  but also 
p a rtly  because he has hims e lf  adjusted his hearing mechanism to  su it h is surroundings.
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These surroundings w ill impose direct modifications to the sound heard by 
the listen er as w ell as the indirect adjustments brought about by the reaction 
o f the environment on both the talker and the liste n e r. Part o f the speech 
sounds may w ell be reflected  from hard surfaces in  the v ic in ity  and the liste n e r 
w i l l  hear a summation of d irectly  transmitted and reflected  sounds. Since 
sound takes an appreciable time to travel through a ir  the reflected  portions 
w i l l  arrive out of synchronism with the d irectly  received portions. This 
e f fe c t ,  which causes a persistence o f the speech sounds, i s  known generally 
as reverberation, (When the time interval between the d irect and re flected  
sounds becomes so great as to cause a perceptible silen t in terval between them 
an echo is  produced). Reverberation is  not necessarily en tire ly  a  bad thing. 
With our modern habit of passing a great proportion of our time inside buildings 
which have extensive areas of hard surfaces we have become accustomed to a 
certain  amount of reverberation and find that completely “dead” surroundings 
impose uneasiness and discomfort. A certain  amount of “liveness” is  
desirable. Unfortunately there are many types of “l i veness” and different 
quantities of each type m ay have apparently the same e ffe c t on a lis te n e r  in  
the lo c a lity .

The differences in  quality of reverberation are due to the fa ct that 
sounds of different pitches are reflected  to a varying degree by d ifferent 
types of surface. In general i t  may be said that hard, smooth, r ig id  surfaces 
tend to r e fle c t  a l l  sounds equally w ell whilst so ft or broken surfaces re fle c t  
sounds of low pitch much more e ffe c tiv e ly  than those of high pitch. As a 
further complication apparently r ig id  partition s, such as party w alls , may 
e a s ily  be set in  vibration by sounds of certain  (usually low) pitches and thus 
d issipate a portion of the energy of these particular sounds. Since speech 
i s  made up of a  continuously changing mixture of sounds of a l l  p itch  values i t  
i s  obvious that the balance of sounds of the various values of p itch  arriving 
at the liste n e r w ill  be profoundly affected by h is surroundings. Some of 
th is  modification of the true quality of the ta lk e r ’ s voice -  d istortion  is  
a more precise term -  w ill  be discounted automatically by the lis te n e r  when 
the talker and the listen er are together. Experience w i l l  have taught him 
to  expect certain e ffects  and he w ill  accept them quite unconsciously. A lso, 
he w ill  use the directional sense given by h is two ears to concentrate his 
attention on the sounds coming d irectly  from the ta lk e r ’s mouth and w ill  
achieve some degree of exclusion of the reflected  sounds. Such concentration 
o f  attention w ill also greatly  reduce the d istracting e ffe c t  caused by extran
eous noises which may be present.

The directional sense possessed by a l l  normal animals i s  extremely 
d i f f ic u lt  to explain. I t  comes about as a resu lt of the combination of a 
number of e ffects  operating simultaneously; some of the e ffe c ts  are incompletely 
understood in  the present state of our knowledge. Each separate, single ear 
has i t s  own directional ch aracteristic. That i s  to say, i t  has a d ifferent 
s e n s it iv ity  according to the direction of incidence of the sound at the ear; 
there w i l l  be one direction which w ill  give maximum se n s itiv ity . The direction 
fo r  maximum se n s it iv ity  and the manner in  which the se n s it iv ity  f a l l s  o f f  for 
other directions w ill  be different fo r  different p itch  values. This phenomenon 
gives to each ear i t s  own directional sense -  although not a very marked one.
The sounds picked up by the two ears of a normal liste n e r are combined in  the 
brain  (in a manner not yet fu l ly  understood) in  such a way as to enhance the 
d irection al sense to a very marked degree. (A person who i s  stone deaf in  
one ear usually has some d iffic u lty  in  judging, by ear alone, the direction of 
a sound). Further, the obstruction interposed between the two ears by the 
bulk of the head produces differences in  the sounds arriving a t the two ears 
and these differences assist the judgement of direction. And la s t ,  but by no 
means unimportant, the f in ite  ve lo city  of sound resu lts in  a small time inter
v a l between the arriva l of the same sound at the two ears -  unless the lis te n er 
i s  direct ly  facing, or has his back d irectly  towards, the source of the sound.



A listen er, properly adjusted to his environment, is  thus seen to be an 
extremely complicated mechanism. How much of his special characteristics must we 
striv e  to reproduce a r t i f ic ia l ly  by means of the microphone? This question may 
conveniently be considered in  a new section but, before th is i s  done, i t  is  as w ell 
to note that his surroundings play an important part in  bringing about a proper 
adjustment of the lis te n e r ’ s hearing; are there, then, other psychological 
e ffe c ts  also? Hearing is  a faculty; i t s  perception resides in  the brain. Does 
the simultaneous use of the other facu lties  a ffect that perception? There is  
some evidence that i t  does. We have a l l  o f us closed our eyes, and shut out the 
s ight of our immediate surroundings, to improve our “hearing” of a broadcast play. 
We do apparently judge sounds not only from the pure nature o f their ‘sound’ but 
a lso , to some extent, in  the lig h t of the influence of their surroundings upon 
our other fa cu lties. With the broadcast play we do not mind i f  our mental picture 
of the scene of the play d iffers  m aterially from that which would be seen by a 
camera placed at the microphone. I f  however our microphone-to-reproducer lin k  
i s  required to “transport” the listen er to the place where the sounds are occurring 
then we are faced with a new, and apparently insoluble, problem. The illu s io n  
cannot be complete unless the listen er is  thoroughly fam iliar with the ta lk e r 's  
surroundings. Further, the actual environment of the listen er using the lin k  
must not intrude i t s  own characte r is t ic s  and so disturb his mental perception of 
the ta lk e r ’s environment.

(3) Main Requirements of a Link

When deciding the main engineering requirements which must be f u lf i l le d  by any 
given lin k  i t  i s  necessary f i r s t  to consider the conditions of use of the lis te n e r ’s 
ears entailed by the arrangement of the particular lin k . For example, i f  the 
lin k  comprises a single microphone d irectly  connected to a pair o f telephone 
receivers then the lis te n e r ’ s ears w ill  function normally except for the to ta l 
elimination of their sense of direction. I t  w ill  therefore be necessary to use a 
microphone having a directional ch aracteristic exactly sim ilar to that of the 
l is te n e r 's  ears (and capable of movement in  the manner of a lis te n e r 's  head) i f  
the illu sio n  i s  to be preserved. I t  w ill  also be necessary to arrange for the 
exclusion of extraneous noises at the listen in g  end and fo r a negligib le 
psychological effect to be exerted upon the listen er by h is environment. I f  a ll 
these conditions obtain, and i f  the listen er i s  thoroughly fam iliar with the 
environment at the microphone end of the lin k , then the illu s io n  of complete 
transportation may perhaps be attained.

Alternatively le t  us suppose that the listen er uses a loudspeaker instead of 
a pair of headphones. In this case his two ears w ill  be working normally and w ill  
be exerting their directional cap ab ilities. I t  is  therefore fundamental that the 
loudspeaker, in i t s  situation in  the listen in g  room, sh all exhibit exactly the 
same radiation characteristics as the mouth of the talker. This is  impossible 
sin ce, however i t  i s  constructed, the loudspeaker can only radiate sounds derived 
from a microphone situated at some distance from the ta lk e r ’s mouth and these 
sounds w ill  essen tia lly  be of a different character from those existing a t the 
mouth of the talker. Also, i f  the lis te n e r 's  directional cap ab ilities  are 
to be exerted i t  is  obviously necessary that the loudspeaker sh all move about the 
liste n in g  room to reproduce movements of the talker? And, even i f  a l l  th is  could 
be achieved, i t  i s  s t i l l  essential that the listen in g  environment sh all not modify 
the output from the loudspeaker by superimposing i t s  own acou stical conditions 
and sh all introduce negligib le  psychological factors. Without any consideration 
o f the microphone problems we can obviously exclude the use of a loudspeaker as be[ing] 
fundamentally unable to produce the desired illu sio n  of “transportation”.

A third  possible method of u tilisa tio n  of the lis te n e r 's  ears remains. I t  
consists in  providing two separate microphone-to-single-receiver links -  one 
receiver being applied to each ear. (This i s  normally known as the Binaural 
System.) I f  such an arrangement can be set up having two microphones, each with 
sub stan tially  the same directional characteristic as that of a single ear, separate 
apart in the manner of ears on either side of an a r t i f ic ia l  head, then there should 
be a good chance of achieving our i l l i sion [sic]. (id ea lly , o f course, the a r t i f ic ia l  
head must be capable of motion lik e  a real head.) For, under these conditions, 
the listen er s ears are e ffe c tiv e ly  each separately extended into the ta lk e r ’ s

/ lo c a lity  and

(To Sheet 19)



both receive the same sounds as they would experience i f  they were actually  in  
that lo c a lity . The combination of these sounds in  the brain then proceeds 
normally. With n egligib le  noise and psychological influence at the receiving 
end and a thorough fam iliarity  on the part of the listen er with the talker ’ s 
environment, i t  should be possible to achieve almost perfect  “ transportation”.
I t  w ill  be noticed that the actual illu sio n  produced by any successful method 
is  that of the transportation of the lis te n e r ’s ears to the position occupied 
by the microphone. The ideal choice of situation of the microphone i s  therefore 
one which might normally be occupied by the lis te n e r ’s ears i f  he were in  the 
v icin ity  of the talker.  I f  i t  is  desired to lis te n  to the talker without his 
knowledge then such a position wil l  be impossible and an a r t i f ic ia l  condition is  
immediately introduced. In the event of perfect “transportation” the listen er 
w ill  be put to the necessity of imagining his head to be situated in  what might 
w e ll be a most unusual situation!

The various considerations detailed in  this section w ill  have made quite 
obvious the fa ct that i t  is  exceedingly d if f ic u lt  to atta in  the perfect link. 
P ractica l consideration of the particular use to which the lin k  is  to be put 
w i l l  usually render perfection impossible. I t  is  a l l  the more necessary 
therefore to allow no avoidable impairments to creep in. I t  must never be 
forgotten that a listen er, situated close to a ta lk er, i s  greatly assisted by 
the use of h is eyes. He watches gestures and fa c ia l  expression and derives 
much help from them. However perfect the system of listen in g  may be i t  is  
e ffe c tiv e ly  a blind listen er with which we are concerned. I f  i t  should happen 
th at the listen er has to overhear, by means of the lin k , observations made in  
a foreign language, then i t  becomes clear that there i s  no margin for 
in effic ien cy  in  the link  i t s e l f .  Even wi th the most perfect practicable lin k  
there are inherent d isa b ilitie s  which make i t s  use extremely d if f ic u lt .

(4) The Single Microphone-to-Recei ver Link.

This represents the simplest form of practicable link, the main requirements 
fo r  the various portions of the link  have been mentioned in para (3) above.
The complete lin k  may conveniently be considered as comprising three main 
p arts, v iz . the microphone, the receivers and the necessary inter-connecting 
w ires, am plifiers, etc.  We have already noted that the id eal microphone for 
t h is  purpose should have a directional characteristic and capability o f motion 
sim ilar to that of the average listen er. In practise th is  i s  impossible, and, 
consequently, reverberation and extraneous noises in  the room in  which the 
talker is  situated are more troublesome to a listen er using the microphone than 
to a listen er who is  actually in  the room (See para (2)). The room i t s e l f  must 
therefore, be considered as a fourth part of the to ta l system, and i t  i s  usual 
to arrange to reduce the normal reverberation of  an average room in  which a 
sin gle microphone i s  to be used. This may be done by introducing sound 
absorbing materials either by modification of the construction of the room or by 
choice of furnishings. This process must be carried out with considerable care 
however, since most materials absorb the higher pitched sounds more read ily  than 
the lower. This means that the excessive reverberation usually found in  an 
ordinary room takes the form of a low pitched “boom” and the reduction of such a 
“boom” to a tolerable le v e l when using a single microphone may wel l  involve a 
very considerable amount of sound absorbing material. The use of such a great 
amount of material has a serious disadvantage -  quite apart from questions of 
convenience; i t  results in  an excessive absorbtion [sic] o f the higher pitched sounds. 
A single microphone, placed in  a fixed  position in  a room, re lie s  very much on 
reflectio n s from the room surfaces for the higher pitched sounds which reach i t .  
This is  because such sounds are emitted into a comparatively narrow conci a l  [sic] space 
in  front of the mouth and not spread out generally into space as are the lower 
pitched sounds. Excessive absorbtion [sic] w ill  thus resu lt in  a re la tive  shortage 
o f the higher pitched sounds at the microphone with a consequent lo ss  of natural
ness and possible in t e l l ig ib il it y .  I t  may be necessary to use sp ecia lly  
introduced panels of reasonably hard surface (to r e fle c t  the higher pitched 
sounds) arranged to be set in  vibration by the lower pitched sounds and thus 
to dissipate some of the energy of the la t te r .



Such panels, spaced a l i t t l e  way from the (assumed) perfectly rigid  wal ls  of 
the room with the interspace fille d  with a soft mater ia l  (e.g. cotton waste), 
f orm an effective means of reducing “boom” without making the room unduly “dead”.

Returning to a consideration of the microphone. We have already noted the 
n eccessity  [sic] of achieving a directional characteristic as nearly as possible that of 
an average listener; an additional requirement may now be observed. The microphone 
se n sitiv ity  must be constant and independent of the pitch of the sounds actuating 
i t .  With modern technique this requirement can usually be met; at any rate 
the combination of the microphone and its  associated amplifier can be made to 
comply with this necessity (for sounds from a particular direction) which is  
e ffective ly  the same thing.

The requirements for the headgear receivers are fa ir ly  simple and can be 
substantially met by modern technique. For a given stimulus applied to the 
receiver the energy of the sound produced in the outer ear of the listener must 
be independent of the pitch of the sound. Also, a given increment in stimulus 
must produce a proportional increase in the sound energy. I f  these conditions 
apply, and i f  the receivers do not distract  the attention of the listener 
because of the discomfort occasioned by wearing them, then the receivers may 
be regarded as effectively perfect.

The performances of the amplifiers, e tc ., interposed between the microphone 
and the receivers can be completely controlled by modern technique and need 
introduces no disability.

Thus, given quiet and congenial listening environment the listener may be 
expected to obtain reasonably good results from a properly chosen microphone 
w ell situated in a room of good acoustical properties. He may even experience, 
fo r  short periods of time, the feeling of complete “transportation” into the 
v ic in ity  of the talker but such a feeling w ill certainly not be continuous.
A link such as is  described above represents the type most commonly in use.
The binaural link, discussed in para. (5) below, is  theoretically much superior 
but has serious practical disadvantages which militate against its  more general 
use.

(5) The Binaural Link.

This type of link has already been described in general terms in para (3)
The main requirements are

(a) The separate links should be exactly similar.
(b) The two microphones should each have the directional characterist

ics of a single human ear.
(c) The two microphones must be disposed on either side of an 

obstruction which is  effectively  an a r t if ic ia l head.
(d) The a r t if ic ia l head must be capable of motion like a real head.

Of these, (a) and (c) are reasonably attained but (b) presents some
d ifficu lty  and we have to be content with a very rough approximation. (d) 
i s ,  of course, impossible to achieve although i t  may be mentioned in passing 
that an illusion of the rotation of the a r t if ic ia l head may be produced 
(under good acoustical conditions) by the independent adjustment of the separate 
sen sitiv ities of the two l i nks forming the complete system. These imperfections 
of directional characteristics leave the average binaural link s t i l l  vulnerable 
to the effects of reverberation and extraneous noises and the advantages of such 
a link may well be small under such conditions. Where reverberation is  small, 
however, there is  no doubt but that the average listener w ill experience the 
feeling of complete “transportation” into the v icin ity  of the talker for longer 
periods when using the binaural link than would be the case with a single link.



The main disadvantages of the system, which are serious enough to prevent 
i t s  general adoption, are

(a) Great increase in  equipment required.
(b) D iffic u lt  to hide a double microphone and a r t i f ic ia l  head 

when secret listenin g is  required.
(c) Very d iff ic u lt  to make a sound recording with the system. A ll 

the recording gear must be duplicated and serious problems arise when an 
attempt is  made properly t o synchronise the “play-back” of the duplicate 
records.

In general, i t  may be said that the binaural system is  capable of 
producing a very nearly ideal lin k  but i t s  use i s  greatly restricted  due to 
i t s  inherent p ractical disadvantages.

(6) Conclusion.

The foregoing discussion leads us to the general conclusion that, by the 
proper application of modern technique, a microphone-to-receiver lin k  may be 
constructed so as almost to a tta in  the ideal performance. That i s  to say i t  
w i l l  almost achieve the “transportation” of the listen er to the v ic in ity  of 
the talker. The imperfections of the best type of p ra ctica l lin k  are p artly  
due to technical d iffic u lt ie s  (e.g . the directional characteristics of 
the microphone) but are mainly the result o f the psychological e ffe c t  of the 
p ra ctica l elimination of a l l  the lis te n e rs ’ senses except the sense of 
hearing. This la s t  condition represents the best attainable; in  actual  
p ractise  i t  i s  more usual for the senses, other than the sense of hearing, to 
be stimulated by the alien environment in  which the listener i s  situated to 
the detriment of possible concentration on the talker and his environment.



ADDENDUM II to APPENDIX I .

Design of “X” Equipment.

(1) The ultimate purpose of any evesdropping device is  the effective 
translation of the aural equipment of the listener into the actual v icin ity  of 
the sounds to be overheard. I f  the device is  perfect  then the outer ears of the 
listener wi l l  be subjected to exactly the same sound pressure variations (via. 
the overhearing equipment) as they would experience when situated in the v icin ity  
of the original source of sound. I t  may, therefore, be said that the ideal 
evesdropping equipment should reproduce perfectly (in terms of the subjectiv e 
impression of the listener) the original sounds and should introduce no 
modifications to the distinguishing characteristics of the original sounds. 
Speech and random noises (Note : The term “noise” is  defined, for the purposes 
of this memorandum, as “any unwanted sound.”) alike should be reproduced with 
complete faithfulness; no extra noises must be introduced, no extra emphasis 
thrown on any original noise and no substantial modification be made to the 
special characteristics of the original voice, A whisper (made with the tongue 
and teeth), must be accurately reproduced as a whisper and not a r t if ic ia lly  
amplified in an attempt to convert i t  into voiced speech. Extraneous noises 
(e.g. the chirping of birds, the roar of an aeroplane, the distant sounds of 
t r a f f ic ,  the sound of the rain or of the wind) w ill, i f  reproduced by the 
perfect evesdropping device, cause neither more nor less annoyance to the 
distant listener than they do to the listener situated in the v icin ity  of
the original source of the desired sound.

(2) These are first-principle thoughts which define the objective of 
the designer of evesdropping equipment. They permit certain immediate 
conclusions to be drawn relating to the choice of design for individual 
parts of the complete equipment. They do not permit the complete definition 
of detailed design for the following reason: I t is  customary for an eves
dropping equipment to employ a single channel of transmission fr o m the point of 
pick-up of sound (the microphone or microphones) to the telephone receivers or 
loud-speaker. The binaural effect is  thus eliminated and the listener is  
therefore less able to distinguish the direction of the origin of any one sound 
among a variety of noises than is  the case when he uses his ears (without 
a r t i f ic ia l  aid) in the v icin ity  of the source of sound. The effects of random 
noises and of room reverberation are thus liable to accentuation when observed 
v ia  the eves-dropping equipment since a large proportion of the a b ility  of the 
listener to concentrate his perception on one particular sound is  lo st.

(3) It  is  proposed in the following paragraphs, to discuss the choice of 
design of equipment having regard to the first-principle thoughts of para (1 ) 
and then to consider the extent to which the choice of design must be 
modified to take account of the d ifficu lties  introduced by the elimination 
of the binaural effect.

(4) We may say, from para (1) that:-

(a) The microphone must be so installed as to be affected only by 
sound pressure variations existing within th e room to be overheard. This 
applies quite irrespective of whether the original source of sound generating 
the sound pressure variations in the room is  i t s e l f  situated within the room 
or without.

(b) The microphone, associated amplifiers and headphones must have 
an overall transmission equivalent which is  independent of frequency.

(c) The overall transmission equivalent should approximate to zero.

(d) The transmission equivalent must be independent of the level 
of the input to the system.



(e) The directional characteristics of the microphone should be 
similar to those of an average human head using two ears.

(5) The practical conclusions which can immediately be drawn from the above 
requirements of design yield a fa ir ly  clear picture of the equipment required 
and of the method of installation to be adopted. It  is  clear that the room 
in  which the microphone is  to be installed should preferably be reasonably
w ell isolated from outside noises (within the limits imposed by normal architect
ural practice) and that extraneous noises should be permitted to enter only 
v ia  necessary windows and doors. I t  is  also clear that the microphone should 
be installed whol ly  within the room so as to be unaffected by any sound pressure 
variations other than those occurring within the room. For example, i t  is  
unreasonable to install the microphone on the outer side of the ceiling of the 
room in such a way as to be exposed to the effects of extraneous sounds outside 
the room.

(6) The effective frequency characteristic of the microphone must be “f la t ” , 
or as nearly f l at as possible. The computation of this frequency characteristic 
must take account of the effects of any obstacles introduced to conceal the 
microphone. Modern technique has permitted the production of a number of 
types of microphones having substantially f la t  frequency characteristics; i t
i s  perfectly possible to devise methods of concealment of these microphones, 
situated wholly within the room concerned, which introduce a negligible 
modification to the shapes of the frequency characteristics.

(7) The adjustment of overall transmission equivalent i s ,  of course, a 
matter of great simplicity.

(8) Para 4(d) is  perhaps worthy of further discussion. I t  w ill be observed 
that this condition entirely precludes the use of any form of constant volume 
amplifier. There are many good reasons for avoiding the use of such a device. 
I f  the microphone is  placed in such a manner as always to be a reasonable 
distance from any speaker in the room (a perfectly simple arrangement) and i f  
the overall transmission equivalent is  adjusted to zero, then each sound in the 
room wil l  be reproduced at its  original relative level .  (The assumption is  
here made that the room is  of reasonably small dimensions -  not exceeding, 
say, 3000 cu b .ft.). A whisper w ill be reproduced as such and at i t s  proper 
le v e l relative to surrounding noises. Amplification of the overall level of 
the whisper and the accompanying noises effects no useful purpose whatever. 
Further, the vexed question o f ' “time constants” for the C.V.A. arrangement 
again crops up. During periods when speech is  absent the listener, using a 
C.V.A. device, is  subjected to a continuous succession of background noises, 
faint, in their original surroundings but abnormally amplified to his ears.
The f ir s t  sounds of l oud speech reduce the gain of the amplifier and hence the 
loudness of this background noise; cessation of speech is  immediately followed 
by a resumption of abnorma lly  loud noise. I f  the change in gain i s  brought 
about too rapidly a “bang” is  heard at the beginning and end of each word of 
speech. I f  too slowly then the f ir s t  word of a sentence may be lo st, A 
nice choice of “time constant” for the C.V.A. circu it is  extremely d ifficu lt  
to realise.

(9) Further to 4(e). A ll in a l l  the best compromise seems to be a very 
small microphone, substantially  non- directional.  The microphone w ill be fixed
in one position within the room whereas sounds of voices, random noises, etc. 
w ill  be incident upon i t  from an almost in fin ite  number of unpredictable 
directions. Mounting the microphone on one inner surface of the room eliminates 
one hemisphere but does not alter the conclusion that, within the other hemis
phere, there is  l i t t l e jus t i f i cation for choosing any one direction along which 
to concentrate the sensitivity  of the microphone. I f  a highly directional 
microphone is  used then there w ill be occasions when, depending upon the exact 
location of the voice relative to the microphone, an improved signal-to-noise 
ration [sic] w ill be obtained. However there w ill be many other occasions when, 
with the voice source situated substantially o ff the axis of the maximum 
sen sitiv ity, a worsening of signal to noise ratio w ill  be observed.



I f  the total angle subtended at the microphone by extreme directions of possible 
arrival of sound directly from the source is  great compared with the maximum 
angle over which the directional microphone exhibits good sensitivity  then an 
overall loss in signal-to-noise ratio (compared with that given by a non- 
directional microphone) w ill be produced.

10) Paragraphs 4) to 9) lead to the conclusion, when summarised, that a 
single-channel eavesdropping system should consist of a substantially non- 
directional microphone, having a “f la t ” frequency characteristic, coupled to 
an amplifier (which does not include C.V.A. fa c ilitie s )  also having a f la t  
frequency characteristic and arranged to activate headphones designed with a 
frequency characteristic as nearly as possible f la t .  Concealment of the 
microphone must be effected in such a manner as to introduce negligible modific
ation to the overall frequency characteristic. I t  remains to consider whether 
the unavoidable elimination of the binaural e ffect, resulting from the use of
a single-channel system, necessitates any changes in this choice of design.

11) It  has commonly been argued that, since the elimination of the binaural 
effect renders the listener less able to concentrate on sounds from any one 
direction to the effective exclusion of  random noises arriving from a l l  direct
ions simultaneously, i t  may be advantageous to exclude a proportion of the total 
energy of the noises by curtailing the frequency range over which reproduction 
is  attempted. It  is  contended that in tellig ib le  speech may successfully be 
produced over a transmission system which excludes frequencies below and above 
certain critical values and that, since the total noise is  lik e ly  to be fa ir ly  
uniformly distributed over the spectrum, the gain due to eliminating the low 
pitched and high pitched noises w ill be greater than the loss resulting from 
the reduction in the naturalness of reproduction of the voice. To this end 
low-frequency cut-off and high-frequency cut-off f i l te r s  are often included in 
the amplifiers of reproducer equipment.

12) I t  is  true that, with certain types of interfering noise, not distributed 
equally as to energy over the frequency spectrum, substantial gains may occasion
a l ly  result from the use of such f ilte r s . However, such cases are comparatively 
rare. The writer had occasion, some few years ago, to make an exhaustive 
series of tests, under controlled laboratory conditions, to investigate this 
particular effect. A wide variety of overall frequency characteristics of 
reproducer systems were tested under conditions ranging from complete silence, 
and a complete absence of reverberation, at both ends of the system to abnormally 
noisy conditions coupled with abnormally great reverberation at each end.  A 
large number of observers made direct comparisons of the great variety of 
conditions, which were taken two at a time. A ll observers participated in 
each comparison. The results of the tests showed quite clearly that, on the 
average, the overall f la t  frequency characteristic is  the best single choice.
This result applies equally whether the judgement be made in terms of “naturalness 
of reproduction” or of in te llig ib ility  of speech.

13) The arrangement described in paras 4) to 9) may therefore be considered 
to be a very reasonable choice of design.

(Oct 43)



ADDENDUM III TO APPENDIX I.

Subject:- Binaural Installation for CSDIC.

1 . Introduction It has been clearly realised for some time that a l l  
s ta tic  CSDIC installations are limited as to listening efficiency by the use 
of a monaural listening circuit; that is  to say, the two ears of the 
ordinary listener are replaced in the PW  c e ll by a single microphone. This 
single microphone is  connected through a single system of amplifiers to two 
telephone earpieces to be worn as a pair by the listener. The power of 
judgment of direction which a normal listener possesses by virtue of the 
simultaneous use of two ears is  eliminated by this arrangement. I t  has 
also been realised that the listen er ’s power of judgment of direction could 
be restored to him i f  t wo suitably placed microphones could be used, each 
microphone being joined separately through its  own amplifying system to a 
single earpiece, the two earpieces to be worn by the listener as a pair.

Practical experience of such a binaural system extends over a period 
o f one year with CSDIC Mobile Units. Usage with the Mobile Units has been 
confined to conditions which approximate to perfect acoustical surroundings.
The microphones have been used for overhearing sound occurring within a tent 
and effective “free space” conditions have been attained. Under these ideal 
conditions, quite remarkable results have been observed. The average 
listen er using the system has found himself capable of hearing without d iffic 
u lty  weak conversation p artially  drowned by louder noises, or even by other 
and louder conversation. In other words, he has found that his ordinary 
power of directional concentration has not been seriously reduced by the use 
of a microphone receiver system. This is  in striking contrast to the normal 
experience of a listener using a monaural (single microphone) system. The 
difference has been so marked as to make i t  quite obvious that the general 
application of binaural systems would be advantageous and might well repay 
the cost of extra equipment involved.

2. F irst principle considerations, however, indicate that the improvements 
noticed when using the binaural system in a good acoustical environment 
would not necessarily be observed i f  the microphones in the system were 
installed  in a reverberant room. With a perfect system, of course, the 
improvement would be maintained, but imperfections, such as the unusual 
directional characteristics of microphones as compared with human ears, are 
l ik e ly  seriously to impair the listen er's  directional sense. Al l  other 
practical d ifficu lties  lik e ly  to arise with the binaural installation of 
microphones w ill have the same tendency, i . e .  the tendency to spoil the ease 
with which the listener can discriminate between wanted and unwanted sound.
These d ifficu lties  are lik e ly  to arise from imperfections in the physical 
performance of the microphone (judged objectively) and also from the fact 
that methods of concealment of the microphones are lik e ly  to modify the ideal 
arrangement of two microphones placed one on either side of an obstruction 
corresponding approximately in shape and size to the human head.

3. It has recently been possible to make a series of tests to determine
the extent to which these d isabilities apply and to determine whether or not 
a practical binaural system is  lik e ly  to be sufficien tly  an improvement over 
the best available monaural system to warrant the installation of extra apparatus.

These tests were made with the aid of an a r t if ic ia l head consisting of 
a block of wood roughly hewn to the shape of a human head with microphones 
inserted approximately in the positions of ears. This binaural microphone 
was connected through suitable amplifiers to headgear receivers and the whole 
system used for a series of tests.

The f ir s t  tests were made with the a r t if ic ia l head situated in a very 
reverberant room in which normal conversation is  not easy at distances greater 
than about 10 f t .  The t est consisted of a direct comparison of the monaural 
and binaural arrangement by means of a switch which was arranged to change



the condition of listening from the binaural arrangement to a monaural
system using one of the microphones of the a r t i f ic ia l  head. The comparison 
was made by eight observers with varying types of conversation at the 
transmitting end. Some of the observers could be called sk ille d  observers, 
others had never previous ly  made any similar te s t. A ll were agreed that the 
b inaural system was easier to understand. The more c r it ic a l  observers 
remarked that under conditions when the monaural system produced perfect 
i n t e l l ig ib i l i t y ,  the binaural system permitted listenin g with a very much 
reduced sense of strain. The re la tive  directions of sounds occurring in  the 
room with the microphone were quite easily  determined even by the least 
practised of the observers. Extraneous noises (or indeed unwanted sounds of 
any type) which appeared to predominate when heard with the monaural system 
receded into the normal background condition when heard with the binaural 
system.

Results o f th is f i r s t  tes t were thus very encouraging in  that they 
showed that the binaural system was capable of showing an improvement over 
the monaural system when used in  a very reverberant room. I t  was already 
known that the b in aur a l arrangement excels in  good acoustical surroundings, 
so that i t  was not unreasonable to infer that conditions intermediate between 
the very good and the very bad might also permit the binaural arrangement to 
show an advantage. This inference was confirmed by another tes t made with 
the a r t i f ic ia l  head in stalled  in  a normal PW c e l l  which, whislt [sic] reverberant, 
was not excessively so. A number of observers making a d irect comparison 
between the monaural and binaural arrangements were unanimously agreed that 
the binaural system gave superior resu lts.

4.  I t  w ill  be observed that the tests  described above were made w ith an 
almost ideal arrangement of microphones. I t  i s  clear that a wooden model 
o f a head cannot be concealed in the average PW c e ll .  I t  therefore remained 
to  determine to what extent departures from the id eal shape o f the head were 
permissible in  order that the advantages of binaural listen in g  might be 
maintained. A test  was devised, using a  b affle  board cut to f i t  around the 
back of the head and to increase the acoustical path between the two microphones 
around the back of the head to a limit, which ranged between about 18 inches 
and 3 fe e t. This board could be rapidly placed in  position or removed as 
desired. A series of  comparisons of reproduction with and without the b a ffle  
board were made using the a r t i f ic ia l  head in  a very reverberant room.
Unskilled observers were generally of the opinion that the board made no 
difference at a l l ,  but more ski l le d  observers agreed that s lig h tly  more 
reverberation was noticeable with the board in  position, but the difference 
was very small and i t  may safely  be assumed that considerable departures from 
the ideal head shape are perm issible. For example, i t  seems to be clear 
that the two micr ophones could w ell be mounted on either side of a 6-inch beam 
supporting the ce ilin g  of the room with every chance of excellent binaural 
re su lts .

5. In view of  the results of these te s ts , i t  was decided to in s ta l [sic] twin 
microphones for binaural use throughout the new CSDIC to be constructed in  
ITALY. This decision was taken without a more exhaustive series of tests  
p artly  because time did not permit such tests  to be made and p artly  because 
i t  was realised  t hat  the usual single microphone condition w ill  be immediately 
available should the binaural arrangement prove to be unsatisfactory.

The general use of binaural microphones throughout a fa ir ly  large CSDIC 
in sta lla tio n  w ill  have considerable e ffect on the technical layout of that 
in sta lla tio n ; for example, a system of switching which w ill  permit any single 
c e l l  to be connected to any operator’s  table w ill  be somewhat d if f ic u lt  to 
organise. Further, the use of recording equipment  w ill  necessarily be 
re str ic te d  to a single channel of the binaural c ircu it . I t  i s  true that 
duplicate records can simultaneously be made on the two channels of the c ircu it , 
but these two records cannot e a sily  be played back in synchronism and i t  i s ,  
therefore, not worth while making the duplicate pair.



Discussions with officers having long experience of map room operation 
reveals that the absence of a switching scheme (such as the central control) 
may not be a serious disadvantage and that the permanent association of a 
p articu lar c e l l  with a particular operator’s position may  w ell permit 
e f f ic ie n t  map room operation to continue. It was generally thought that 
the greatly reduced strain  on the listen ers which w ill  result from the use 
o f the binaural system w ill  amply compensate for any inconvenience due to the 
absence of a switching system.

I t  was, therefore, decided to make the in it ia l  in stallation  in  ITALY 
in  the simplest possible manner by coupling individual c e lls  permanently to 
p articu lar tables. In the meantime, a method of switching by central control 
to binaural circu its  has been worked out and can be applied i f  necessary.
This new switching system w ill  involve certain additional apparatus which may 
be obtained from the U.K. Should the in it ia l  loss of f le x ib i l i t y  in  switching 
arrangements unexpectedly prove to be an insuperable d iffic u lty , then immediate 
reversion to the more usual monaural system, including a central control panel, 
i s  possible and no loss of map room efficien cy  need resu lt from the f ie ld  t r ia l  
o f  the binaural system.

6. F irst principle considerations have always indicated quite c lea rly  that 
the best type of listenin g device is  one which reproduces most accurately the 
sounds occurring at the distant end. None of the various distorting devices 
proposed over a period of years for the elimination of certain  types of noise 
or fo r  the equalization of the large range of loudness levels  o f speech  have 
proved to be satisfactory. The whole trend of modern research into such 
devices i s  towards a sim plification and towards the attainment of the simplest 
and most straightforward system, preferably a binaural system.

The extent to which simple, f i r s t  principle considerations have recently 
proved to be tru ly  fundamental is  quite remarkable. For many years, the 
physical imperfections of the various items of equipment that were used have 
obscured the truth and i t  i s  only the use of modern improved equipment that has 
permitted the return to fundamental sim p licities. I t  i s  not unreasonable, 
therefore, to fe e l considerable confidence in  the simplest of f i r s t  principle 
considerations of listenin g devices generally. The purpose of a listen in g  
device is  obviously the extension through space of the listen er ’ s hearing 
fa cu lty  into the environment of the microphone. I f  the system i s  to  be id eal, 
the listen er must experience a feelin g  of translation mentally to the v ic in ity  
of the talker. Such a mental experience can be obtained only i f  the liste n e r is  
thoroughly fam iliar with the appearance of the talker and with h is surroundings.
I t  may w ell be that map room operators w ill  attain  th e ir  highest effic ien cy  only 
i f  they are allowed considerable access to the PW c e lls  to which they lis te n  
and repeated opportunites [sic] of seeing and even talking to  prisoners to w hom they 
are to lis te n . The absence of a switching scheme in  these circumstances 
may conceivably prove to be an advantage in  that, so fa r  as possible, individual 
operators may be associated with individual PW c e lls  and become thoroughly 
fam iliar with the surroundings of the prisoners to whom they are lis te n in g .

7. These various thoughts, al l  rather theoretical and a l l  needing the proof 
o f experience, strengthen the decision to test the binaural system in  a large 
scale  CSDIC in sta lla tio n , particularly as such a te s t  may conveniently be arranged 
without endangering the efficiency of operations of the u n it.

It  i s  thought that, should the binaural system show any advantage whatever 
when used with the German language, then immediate consideration should be 
given to i t s  early in stallation  in  a l l  CSDIC centres dealing with the Japanese 
tongue. Reports from INDIA and from AUSTRALIA indicate that even with the 
b est possible listenin g arrangements, mapping Japanese is  extremely d i f f ic u lt ,  
and what might w ell be merely a convenience for a German in sta lla tio n  may w ell 
prove to be an essential improvement in a Japanese in sta lla tio n .



ADDENDUM IV to APPENDIX I.

Subject: -  Preliminary Report on Operation of Binaural Installation , Rome.

CSDIC, CMF is  now installed  in  a set of buildings orig in ally  erected 
by the Fascist Ministry of Popular Culture to house a cinematograph experimental 
station  and school of cinematograph technique. I t  i s  known as the Centro 
Spermientale di Cinematografo. These premises have proved to be exceptionally 
suitable for the installation  of “X” since they include two suites of dressing 
rooms (formerly used for film  stars) which are id eally  suited for the housing 
of PWs in pairs.

Seventeen rooms have been f it te d  with binaural microphones. These 
seventeen binaural pairs are permanently connected to thirty-four microphone 
am plifiers; the la tte r  equipment i s  installed  in  a separate apparatus room.
The output terminals of these amplifiers are connected to U-Link tab lets which 
permit the connection of any binaural pair o f microphones to any desired 
operators table. No system of central control is  yet installed .

The position tone-control has been eliminated and a volume control, 
consisting of a pair o f coupled potentiometers, has been in sta lled  on each 
position to control simultaneously the p .d ’s supplied to the two earpieces of 
the headphones. The recording amplifier i s  permanently connected across one 
earpiece, a padding out resistance being used, and the original four-thousand 
obm [sic] positi on potentiometer is  used to control recording le v e l. The motor c

ontrol switches have been moved from their original positions and mounted 
near t o the potentioneter [sic].

Careful frequency characteristic measurements were made on a l l  M. As,  the 
tone control of each being permanently set to give a ch aracteristic designed 
s lig h t ly  to over-compensate for the high frequency losses to be expected with 
an average 10A receiver earpiece. The amplifiers were selected in  matched 
pairs for the binaural c irc u its .

Under these circumstances subjective tests showed quite conclusively 
that the average observer’s judgement of  equality of loudness of speech from 
the two earpieces of any one binaural c ircu it  i s  perfectly defin ite and applies 
to a l l  observers except those with known hearing abnormalities. No balancing 
control need therefore be provided on operators’ positions. I t  was also 
demonstrated that the adjustment of balance i s  not disturbed by a change of 
telephone earpieces, provided that the condition of maintenance of the receivers 
i s  good.

It  was found that the two potentiometers ganged together to form any one 
position volume control must be carefu lly  selected for matching. Random 
selection of potentiometers resulted in  a marked departure from balance 
(a rb itra r ily  set with the potentiometers at maximum volume) as the volume control 
was turned towards minimum volume. Only about 30% of a to ta l consignment of 
potentiometers could be used to provide adequately matched ganged pairs.

The performance of the binaural in stalla tio n  at CSDIC CMF has, during the 
f i r s t  months of operation, proved eminently satisfactory from a technical point 
o f view. Quality of reproduction is  quite remarkably good. The performance 
i s  no less  excellent when judged from an Intelligence viewpoint.  Operators find 
that they are subjected to very much le ss  strain  and O i/c Map Room reports that 
manuscripts provided by operators are almost always quite coherent and are 
produced in  much greater quantity than hitherto. I t  i s  estimated that the output 
per position has been approximately doubled by the change from monaural to
binaural listenin g. No administrative d iffic u lty  has so fa r  arisen due to the 

elimination of the central control position. The large number of c e lls  fitted , 
with microphones considerably eases the problems of the PW Movements O fficer and 
i t  is  quite simple for O. C. Signal Section to arrange the necessary connections 
fo r  each Map Room s h ift .  

In view of these resu lts the binaural system i s  now regarded as standard 
fo r  future installations in  the Mediterranean area. The additional equipment 
required is  thought to be thoroughly ju stified .

(To Sheet 29)



ADDENDUM V to APPENDIX I.

Subject: -  Exploitation of Intelligence available from "X" Source. 

A. Preamble.

(1 ) “X” Source is  almost unique among intelligence methods in  that i t  provides
a certain degree of access to the true thoughts of the individuals who 
co lle c t iv e ly  form “the enemy”. Hitherto the intelligence value o f the method 

h as resided in the fact that i t  i s  capable o f  revealing previously unknown 
( or merely  suspected) information of direct operational value to the three 
figh ting services. Occasionally information of  economic or p o lit ic a l value has 
also been produced. In general i t  may be said that the main output (published 
output) of “X” Source has been almost entirely concerned with matters of fa ct or 
o f  figu res. Nevertheless i t  has been re a lis ed that the method also makes available 
a "bird-eye-view" of the general trend of thought amongst the enemy and that 
valuable inferences may perhaps be drawn from a proper observation of the changes 
occurring in  contemporary trend of enemy thought. Such inferences are not 
ju s tifie d  unless based on a properly controlled system o f observation and users 
o f “X” Source have been warned, in  the past, against attaching too much 
importance to what may w ell be merely a chance remark.

(2) The method of preparation of an “X” Report from the raw material of “X” 
manuscripts involves (in the MEDITERRANEAN theatres of war) a severe process of 
“cutting” and editing. Such a process i s  obviously desirable in  that i t  reduces 
the bulk of the finished report to reasonable proportions and does tend to 
produce a “meaty” report lik e ly  to interest senior o ffice rs . The process of 
cutting, as at present practised, i s  however open to serious criticism . I t  is  
organised on a day-to-day basis and recurring remarks, on subjects of l i t t l e  or 
no operational in terest, are consistently eliminated -  no notice being t ak en of 
the fa ct of their recurrence. Information of significant intelligence value is  
probably missed by this process. The proper collation  of the "waste" remarks, 
cut from “X” manuscripts during editing, may well show that contemporary enemy 
thought i s  unusually preoccupied with some particular subject (e.g . food, 
re lig io n , some aspect of enemy p o lit ic s , e tc .) .  I t  i s  the purpose of this 
memorandum to propose a method whereby such “unusual preoccupation” can be 
observed and isolated by a method of s ta t is t ic a l analysis o f collected “X” 
Manuscripts. Unusual preoccupation must, of course, be proved and not depend 
upon an editor’s  opinion. When such proof is  available then the fa c t  that 
enemy thought is  gener a lly  concerned, over a period of time, with certain 
particular subjects, may occasionally have considerable intelligence value. Even 
an indication, i f  completely re lia b le , that enemy conversation had, over a  period 
of time, shown an unusual avoidance of important subjects may w ell be highly 
sign ifican t.

B.  Proposed Method of use of “X” manuscript.

(1) The manuscript should f i r s t  be used fo r  the production o f an “X” Report 
fo r  publication. This work to proceed normally, following existing methods.

(2) A ll “X” Manuscript should be retained fo r , say, one month before destruction. 
(The best period to be decided by experience but one month i s  suggested fo r  
i n i t i a l  t r ia ls ) .

(3) The manuscript to be periodically reviewed during the month, and sub-  
divided into a defin ite  number of “remarks” which can be c la ss ifie d  under a 
ser ie s  of general headings.

(4) A series of general headings under which remarks may be c la s s if ie d  to  be 
so chosen that the incidence of remarks under these headings i s  l ik e ly  to 
fo llow  the laws of pure chance in  the absence of any d efin ite  controlling e ffe c t .



(5) C lassify  a l l  remarks and count the numbers occurring under the various 
headings. I t  i s  obvious that, i f  each heading i s  equally lik e ly  to occur and i f  
there are an enormous number of remarks available, then the to ta l remarks w ill  be 
equally distributed under each heading. However, i t  w ill  not usually be possible 
t o obtain a sufficien t to ta l number of remarks for such equal sub-division to be 
observed, even under conditions of  pure chance distribution. (A penny has to be 
tossed a good many times before an essen tia lly  equal number of “heads” and “t a i l s ” 
are obtained).

We shall therefore expect an unequal distribution of remarks under the 
various headings and must have recourse to a s ta t is t ic a l tes t to determine whether 
the unequal distribution is  normal to pure chance distribution (and merely brought 
about by an in sufficien t number of observations) or whether i t  is  a significant 
inequality, indicating that certain headings are more lik e ly  to  occur than others 
even in an in f inite number of observations. I f  the la tte r  i s  the case then we may 
say  that i t  is  proved that the enemy was, during a particular period, unusually 
preoccupied by the subjects defined under the predominating headings.

Note: During some periods i t  may be possible to estimate the extent of pre- 
occupation, in  terms of the proportion of to ta l remarks devoted to a given
heading. Such an estimate should not be published without an additional 
s ta t is t ic a l test for the s ta b ility  of the average figure to be quoted.

(6) Suggested general headings under which remarks may be lis te d :-

(a) Secret Weapons.
(b) Comparison of A llied  and Enemy War Equipment.
(c) Bombing of GERMANY and Enemy Occupied Territory. (Discussions of

reprisals to be included).
(d) Food generally. Enemy rations (at home and in  services): A llied

rations etc.
(e) B attle, or Service, reminiscences.
( f  ) Home Economic Conditions (where not more properly included under (d) 

( i .e .  when the emphasis is  d efin ite ly  not on food)
(g) “ After the War” .
(h) P o lit ic s .
(i)  Religion.
( j) Frivolous or purely personal matters.

Other headings, or groupings may w ell appear to be more desirable on 
further consideration, but the above w ill  serve as an illu stra tio n . I t  is  
thought that the to ta l number of headings should not exceed ten.

(7) After a few months of observation, i t  should be possible to iso late  an
average proportion of conversation normally occurring under heading ( j ) .  
Knowledge of such an average proportion ( i f  shown to be s ta t is t ic a lly  stable) 
w ill  permit the indication of certain periods of time which may be remarkable 
fo r  a significant increase or decrease in  the proportion of frivolous or 
purely personal r e m a r k s .  A significant i ncrease in  this proportion may be taken
as an i ndication of apathy on the part of the enemy.

(8) Estimation of the rela tive  significance of occurrance [sic] of conversation under 
(a) to (i)  inclusive should be made on the basis of a s ta t is t ic a l survey omitting 
the incidence of conversation under ( j ) .

(9) I f  a sign ifican tly  high proportion of remarks i s  isolated under one of the 
headings (a) to ( i)  i t  w ill then be necessary to co lla te  the remarks to permit a 
short essay to be written on their general trend.

e .g . Suppose (b) to predominate. I t  w ill  be necessary to say what aspects 
of the subject were most generally treated:- “American a ircraft superior to 
ours” ; or, “B ritish  A rtille ry  barrage fa r  heavier and more accurate than ours” ; 
or, “A llied  tanks d efin ite ly  in feri or  to our own” ,  e tc .



(10) Some conversation of P/W w ill be stimulated by D. I . , conversation with 
S .P ., etc. Remarks made as a direct  “follow-up” a fter such stimulation should 
be counted as half remarks when counting incidence under particular headings.
This is  admittedly empirical but i t  is  thought unlikely to have a very large 
e ffe c t  on overall averages. Stimulated remarks cannot fa ir ly  be en tirely  
ignored since stimulation w ill  rarely  implant entirely  new ideas but w ill merely 
release a prisoner’s own thoughts. However, there i s  a chance that those 
particular thoughts would not have been discussed without stimulation and i t  
therefore seems reasonable to assess the importance of the occurrance of 
remarks so engendered as half that of remarks made spontaneously.

(11) The procedure outlined in the above paragraphs should make available, 
each month, certain quite defin ite observations on enemy morale, quite apar t  
from the more detailed discussions of enemy trend of thought. I t  should be 
possible to separate “morale-indicating” remarks into two separate groups v iz .
(a) those lik e ly  to have sprung from thoughts caused by the fa c t  of being a 
prisoner and (b) those lik e ly  to have sprung from thoughts origin ally  dating 
from the period of freedom preceding capture. The importance of remarks in  
category (b), assessed s ta t is t ic a lly , may fa ir ly  be held to apply to troops in  
the f ie ld  and w ill consequently represent a valuable estimate of the “leisure 
hour” morale of the enemy troops. Their “fighting morale” i s ,  of course, best 
j udged by our own f ie ld  forces actually opposing then in  b a ttle .

C. Comm ents.

(1) The general proposal assumes that a l l  prisoners’ conversation is  noted 
down by M.R. operators and that no selection is  made, by the operators, to 
eliminate so-called unimportant conversation. I t  has long been realised  that 
good operating should aim at a complete record and no lack of co-operation
on t he part of operators is  to be anticipated -  especially  i f  they are permitted 
to  take some part in  the subsequent assessment of the data obtained. Careful 
supervision w ill,  however, be necessary to avoid “colouring” of prisoners' remarks 
by operators when a verbatim report has been found impossible.

(2) Any series of monthly reports which may be produced fr om the co llation  
of “waste” “X” manuscript should be preceded by a clear paper defining the 
method of production and stressing the point that assessment of enemy 
preoccupation with particular subjects i s  based on s ta t is t ic a lly  stable 
evidence and not on an ed itor ’s opinion.

(3) It  i s  estimated that the whole of the work involved could be covered by 
an ATS I.O. and a competent sergeant. These two, working f u l l  time, could also 
produce the normal “X” Reports in  the usual manner. The occasional assistance 
of M.R. Sgts. during off-duty periods, might be used for “remark counting” but 
should not be essential.


