The Roots of the Command and Control of Air Power: An Appraisal
of Three Air Forces Through 1945
by

Lieutenant Colonel Francisco M. Gallei
A dissertation presented to the faculty of Air University

in partial fulfillment of the requirements for the degree of Doctor of Philosophy
Maxwell Air Force Base, Alabama

17 September 2014

Richard R. Muller, PhD
Committee Chairman

Thomas A. Hughes, PhD
Committee Member

David Ian Hall, PhD
Committee Member

Colonel Thomas D. McCarthy
Commandant and Dean
School of Advanced Air and Space Studies

1

DISTRIBUTION A. Approved for public release: distribution unlimited.



Table of Contents

INtrOAUCLION.. ...t ——————————————— 4
CRAPLET 1 ... ——— 13
Lo 3 3 e B T P 13
The United Kingdom Before The Great War 13
The United Kingdom During the Great War 17
OrGaANIZATION 1.t bR 17
PIrOCESSES wueeurierereereeeeeesesesessesessessesses e s e s e R e AR e RS e R 20
TECHINIOIOEY ...eoeeeeeree ettt es s s R Rt 33
The United States Before The Great War .........cououmsesnsssscasenens 41
The United States During the Great War .........ccocunenrsnsnsnannns 43
L0 o= /2= 1 (0 ) o 1P 43
PIOCESSES .eueeeeuereeseeseet e sses e sssee s es et s s s e R SRR AR R R s 45
10l 43T ) o} PP 50
Germany Before The Great War ..........coousmsmsnsnsnsnsens 51
Germany During the Great War ..........cccoconvennsnsnsnnns 54
(0D VoL /2211 (0 ) o U PO OO 54
PrOCESSES vttt s 60
0= 0 Vo (o] o 0P 65
RY=T000 000 (BT 110 0T 67
CRAPLET 2. —————————— 72
The Inter-War Period ... 72
The United Kingdom During the Interwar Period........sss 73
INETOAUCTION oottt ettt s s s 73
The Political and ECONOMIC STTUALION c.uvurererirneeiineissesesss s ssssssssssssssssssssssssssssssssssssssssssssssass 74
L0 10U /22 0 (0 ) o PP 76
PrOCESSES wueierierireeeeeeseeseseses s s e s e R AR SRR 98
TECHINIOIOEY ..eucereeee ettt 102
000 1ol 10 1) (o ) o U000 110
Chapter 3. ————————————————— 112
The United States During the Interwar Period 112
The Political and ECONOMIC STEUALION ...vuueueeeeerieneseeree st esessessseesss s sneens 113
L0 =) 07210 (0 ) o 1 116
PrOCESSES .ot s e 177
B IT=Td 0V U0 (o} 0P 179
L0003 ol 10 1) () o 00O 193
Chapter 4. ——————————————— 195
Germany During the Interwar Period.......cccoiirrrinnnns 195
The Political and ECONOMIC STUALION .. sssssssssssssssssssssessssssssssssssssesns 196
L0 14U/ (0 ) o PP 200
PrOCESSES vttt 218
B I=T 0 Vo 1o (o 7T 219
000 Tod 10 1) (0 ) o P00 227
YTt 000 (BN 1010 T: . 228




Chapter 5. ————————————————— 232

WOTrld WAar IL ... s s ses 232
The United KingGdom ........ccoommnmnmsmsmsmsssssmssssssssssssssssssssssssssnans 232
OrganizZation and PrOCESSES......crenrerseeseesstaseseesssessss st sss s s ssss st sneans 233
TECHIIOIOEY ...eecereeee ettt s R s R 246
L0003 0 Tod 1 1] 10 ) o FOS T TP 250
Chapter 6. ————————————————— 253
The United States ... 253
59T 06 10 U (o) LS T 253
RO Tl ST ol 5 = o1 ) T 253
L0 VoL /221 (0 ) o PSPPI 255
PIOCESSES ..ttt e s s AR E R nr s 268
TECNIIOIOEY ...eucereeetee ettt s R s 293
000 0 Tod 11 1] 10 ) o 00O 310
Chapter 7 ... ——————————————— 311
Germany WWIL........ s ssssssssssssssns 311
INETOAUCTION 1ottt s bbb s e 311
L0072 10U /22 0 (0 ) o PP 317
PIOCESSES .ttt s e e e e e g 324
Technology..-...coooeoctcna WL INENCALLIL ANTO0 s . e 343
L0003 0 Tod 1 1] 10 ) o PO OOV 359
Y20t 10 B 1041 1 o 362
01/ F: LT - 367
L0703 T 1= 3+ 367
Bibliography .......ss———————————ns 387
10T ) <SP 387
JOUTTIALS oottt ettt s s R s Rt at s 396
3 8] o) Cor | B 0 U ) =TT 403
MaNUSCIIPL COLLECTIONS ...t ssss st s ssnes 405
|24 (Totn o3 o4 o 301 o] § Cor= s U0 o 13000 419
Government PUDIICAtIONS ... sssssssssssessessessssssssssssssssssanes 419



Introduction

To paraphrase Martin van Creveld, commanding and controlling
forces has been around since time immemorial and a failure to have
effective command and control is “to court disaster.”! It is no different for
warfare in the third domain. Effective command and control of air forces
improves a commander’s ability to make and execute good decisions in a
timely manner. It provides unity of effort?, massing of forces as
necessary, and flexibility to react to battlefield dynamics.

Nations, and specifically their military services, continuously
evaluate their environment and make strategic decisions regarding force
composition. In the next decade, the United States Air Force (USAF) will
face many challenges. One is ensuring an appropriate command and
control system for a changing and evolving Air Force. Command and
control of air forces is seldom thought of or discussed until needed, and
then usually as an afterthought. Unlike aircraft, which are the highly
visible symbols of airpower, command and control is generally unseen. It
operates in the background, ignored until it is unavailable or fails. Two
exceptions in history are the Battle of Britain and the USAF since 2002
when General John P. Jumper formally designated the Air Operations
Center a weapons system. In the former case, command and control was
at least as important as the aircraft involved. In the latter instance,
making a command and control center at the operational level of war a
weapon system, equivalent to fighters or bombers, highlights the
importance, centrality, and criticality of command and control in modern
warfare. In the current fiscal environment, a mission not as “glamorous”
as flying is easily neglected in the search for “savings.” History suggests

this would be inadvisable—command and control is airpower’s sinew.

1 Martin Van Creveld, Command in War (Cambridge, Mass: Harvard University Press, 1985), 1.
2 See Dana J. Johnson and James A. Winnefeld, jJoint Air Operations: Pursuit of Unity in Command and
Control, 1942-1991 (Annapolis, Md: Naval Institute Press, 1993).
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Without it the structure has no connectivity. Discussions regarding air
forces and their successes and failures generally revolve around a myriad
of other topics such as strategy, doctrine, battles, aircraft quality, or
production rates. A holistic examination of effective command and
control of air forces is missing from the literature.

No comparative historical studies exist examining how air forces
developed command and control systems. How does an air force integrate
organization, processes, and technology into a command and control
construct? How and what concepts of command and control did each of
these nations develop? When and why did each of these nations develop
command and control mechanisms for their Air Forces in light of the
operational realities each of them faced? Were they effective? To what
extent are the concepts and principles that had evolved through 1945
still relevant today?

This work utilizes the case study method, which provides a holistic

» «

view of past events to help answer the “what,” “how,” “when,” and “why”
questions posed earlier. This qualitative methodology provides a means
to collect data from a specific timeframe, examine the context of the data,
and evaluate the processes used. The approach considers both the
phenomena (command and control of airpower) and the context (the
strategic environment). Specifically, this study compares and contrasts
three national (British, American, and German) approaches to command
and control of airpower through World War II. It examines the
commonalities and differences between the countries and their unique
approaches to the problem of commanding and controlling air forces. It
will also hopefully offer insights into the larger question of how national
air forces often develop along different lines.

Unlike Van Creveld this study will use the term command and
control throughout because it more richly conveys what the study is
attempting to describe, which is not only having command authority, but

the ability to control as required throughout battle.
5



Before going further, command and control requires a formal
definition. This study uses the one provided in United States Joint
Publication (JP) 1-02 as it provides a very succinct definition. It defines
command as “the authority that a commander in the armed forces
lawfully exercises over subordinates by virtue of rank or assignment.”
The modern US definition of control is tied to various types of control
regarding command authority; “authority that may be less than full
command exercised by a commander over part of the activities of
subordinate or other organizations.” This study defines control as simply
the ability to direct forces. The two together in fact create the modern US
joint definition for command and control, “the exercise of authority and
direction by a properly designated commander over assigned and
attached forces in the accomplishment of the mission.”

Commanders require a system to exercise direction and authority
over their forces to give them the ability to collect, process, share, and
communicate information quickly. Of course, information also requires
protection. As we will see, effective command and control of air forces
relies on communications; without it, all the information available is as
helpful as no information. The eighteenth century balloon pioneers the
Montgolfier brothers, with no military background, commented on the
need for a communications system to integrate with balloons and make
the information they had usable to the Army.4

Command and control is comprised of three parts best viewed as a
three-legged stool. It is composed of organization, processes, and systems
(technology). To answer the research questions posed and provide a
coherent synthesis, the study examines the three national approaches to

command and control over three time-periods (World War I, the interwar

3 Joint Chiefs of Staff Washington D.C., Department of Defense Dictionary Of Military and Associated
Terms, JP 1-02 (Ft. Belvoir: Defense Technical Information Center, 2010, amended 15 March 2014),
45,

4 Robert Grainger Ker Thompson, The Royal Flying Corps (Per Ardua Ad Astra) (London: H. Hamilton,
1968), 11.



period, and World War II), using three functions (organization, processes,
and technology). Each of these three functions has several elements
within them to provide fidelity.

Organization refers to the structure of the command and control
process and includes command relationships, relationships between
commanders, and training. The process leg is “how” command and
control is conducted; the doctrine, tactics, techniques, and procedures.
The third leg, systems, consists of the mechanisms or technology that
enables command and control.

Throughout history, all three legs of the command and control
stool were present. An ancient tribe had a leader with forces under his
command. The leader had trained warriors and chains of commands
were established. The tribe knew the processes and signals for
commencing an attack, stopping an attack, and reacting to the leader’s
calls. Finally, the technology at this level may have simply been voice
communication. As warfare became more complicated, all three legs of
the stool evolved in order to command and control forces but nonetheless
retained the same basic principle. That basic principle is the ability to
command forces and change what they are doing on the battlefield based
on inputs received by the command.

The advent of air arms presented Army leaders with the problem of
integrating a new capability into an existing organization that required
coordinating its activities with the whole in order to accomplish the
greater organizational objective. Further, the air arm did not have a
single mission, at least not for very long. No sooner had observation or
reconnaissance aircraft been airborne before others realized the
importance of the information they provided and attempted to shoot
them down. While the capability did not exist, stories of death and
destruction from above, such as those by H.G. Wells, fueled not only the
public’s imagination of airpower’s potential but also those of military

thinkers.



The need to command and control air forces grew out of almost two
simultaneous needs; the need to command and control observation and
artillery spotting operations and the need to defend against enemy
aircraft attacking those aircraft. The air services and the antiaircraft
artillery service had to work together, utilizing an integrated command
and control organization, processes, and technology to be effective
against attacking enemy aircraft. The command and control of offensive
operations grew later and much more slowly. It would not be until WWII
and especially 1944 that command and control for offensive operations
peaked.

Using the methodology above, several sub-questions helps provide
a coherent synthesis; how similar and different were the three functions
among the nations? What accounts for the similarities and differences?
What were the contextual drivers? How does an air force create effective
command and control for its forces, when does it happen, and why does
it occur? Did they create an effective command and control
infrastructure to support their air forces as they operated in the
anticipated environment? What is the significance of how a nation
develops an effective command and control system? Specifically, are
insights from the last war retained? How did command and control
evolve? How does a nation’s “view” of the environment influence the
development of airpower command and control? Are the broad principles
transcendent, but the specifics details changing? Did they come at the
problem from a different starting point? If so, did they converge or stay
on divergent lines? What was the impact of selecting either path? Was
the resulting command and control system a result of a systematic
evolution, or simply a reaction to the crucible of war?

There are numerous significant sources related to British,
American, and German command and control during World War II. For
the Royal Flying Corps (RFC) and the Royal Air Force (RAF), Walter
Alexander Raleigh and H. A. Jones’ official history The War in the Air,
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Denis Richards and Hilary Aldan St George Saunders’ official history
Royal Air Force 1939-1945; the Air Ministry’s formerly classified official
histories of RAF Fighter Command and the Battle of Britain are excellent
sources. Other excellent sources include memoirs and other writings by
leading figures such as Sir Winston Churchill, John Slessor, Sir General
Philip Joubert de la Ferté, Admiral Murray Fraser Sueter, Sir Frederick
Hugh Sykes, General E. B. Ashmore and various developers of radar.
Brad William Gladman’s Intelligence and Anglo-American Air Support in
World War II, Strategy for Victory by David lan Hall, and Ian Gooderson’s
Air Power at the Battlefront are also excellent sources for intelligence and
air-to-ground cooperation, another aspect but less examined area of
command and control. The Historical Research Agency (HRA) at Maxwell
also contains documents from the British Air Ministry. Finally, the
Journal of the Royal United Services Institute, an extremely professional
and well-respected journal, provides excellent insight into airpower and
joint command and control from the dawn of aircraft to World War II.
The best sources for American doctrine during the time period are
US Army in World War II Series, The Army Air Forces in World War II by
Wesley Frank Craven and James Lea Cate, Robert Futrell’s Ideas,
concepts, doctrine: a history of basic thinking in the United States Air
Force, 1907-1964, and Maurer Maurer’s work on World War I since it
contains reproductions of primary documents of the period. Army
doctrinal publications, the writings of various authors at the Air Corps
Tactical School, and material from the various command and control
schools such as the fighter control school provide a rich primary source
of Air Corps airpower thought and application. Excellent secondary
sources focusing mainly on air-ground integration, but still covering
theater level operations include, Air Power for Patton's Army: The XIX
Tactical Air Command in the Second World War by David Spires, Case
Studies in the Development of Close Air Support by Benjamin Cooling,



Pattern for Joint Operations: World War 2 Close Air Support, North Africa
by Daniel Mortensen, and The Development of Air Doctrine in the Army Air
Arm 1917-1941 by Thomas Greer. The Air Corps lacked a truly
professional journal for most of the period under examination, although
the Air Corps News Letter provides some insight into Air Corps
happenings during the time-period. Most airmen interested in publishing
articles submitted their work to the Coast Artillery Journal. The Coast
Artillery Journal is a professional journal like JRUSI and provides
excellent insight into the discussions of airpower, command and control
and joint operations from 1922 to 1945. Finally, the Signal Corps also
published the Signal Corps Bulletin that began as an outlet to
disseminate information, but later became a professional journal in the
same vein as the Coast Artillery Journal.

German doctrine and control methods in WWI are best captured
from Ernst Wilhelm von Hoeppner’ Germany's War in the Air: The
Development and Operations of German Military Aviation in the World
War, Horst Adalbert Koch’s Flak: Die Geschichte der Deutschen
Flakartillerie, Walter von Eberhardt and Wilhelm Zickerick’s Unsere
Luftstreitkrdifte, 1914-1918: Ein Denkmal deutschen Heldentums,
Oberstleutnant Budingen’s Entwicklung und Einsatz der deutschen
Flakwaffe und des Luftschutzes im Weltkriege, and Georg Paul
Neumann’s Die Deutschen Luftstreitkrdifte im Weltkriege, also available in
an abridged English version.

Interwar and World War II German doctrine and control methods
are best captured--in English anyway--through Walter Grabman’s
extensive volumes on German air defense entitled USAF Historical
Studies: No. 164 German Air Force Air Defense Operations 1933-1945,
and General Joseph Kammhuber’s discussion of air defense, USAF
Historical Studies: No. 179, Problems in the Conduct of a Day and Night
Defensive Air War. Additionally, Hans-Detlef Herhudt von Rohden, the
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official Luftwaffe historian, discusses air defense in his European
Contributions to the History of World War II, 1939-1945; The Battle for Air
Supremacy over Germany (German Air Defense) 1939-1945. The best
sources for radar technology include Louis Brown’s A Radar History of
World War II, Harry von Kroge’s, GEMA: Birthplace of German Radar and
Sonar, Werner Muller’s Ground radar systems of the German Luftwaffe to
1945, and the Army Air Forces magazine “Radar.” Gebhard Aders’ History
of the German Night Fighter Force, 1917- 1945 provides excellent
information on both German fighter control technology and methods. The
Luftwaffe’s Way of War: German Air Force Doctrine 1911-1945 by James
S. Corum and Richard R. Muller provide insight into German airpower
thinking from 1913 through World War II. Corum’s The Luftwaffe:
Creating the Operational Air War, 1918-1940 provides valuable insight
into German doctrine and specifically the attempt to fuse doctrine and
technology. Muller’s and Donald Caldwell’s The Luftwaffe Over Germany:
Defense of the Reich provides insight into the Luftwaffe’s air defense
doctrine, technology, and theories on integrating a multitude of new
technologies into a command and control system to defend the Reich.
Finally, Flak: German Anti-Aircraft Defenses, 1914-1945 by Edward B.
Westermann provides an in-depth look at one part of the command and
control structure.

This study does not cover the details of the antagonisms and non-
acceptance of the uniqueness of airpower by either the land or maritime
forces of the United States or Great Britain nor the greater acceptance of
airpower by the German army. Additionally, this study does not cover the
details of the budgetary fights or constraints between WWI and WWIL.
Interservice rivalries, both doctrinally, and budgetary are covered in
sufficient detail to give the reader an awareness of the environment and
constraints not just of the air services, but also of the land and maritime

services of each nation. Limited resources stoked interservice rivalries
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and affected decisions of which technologies to pursue. Germany was
especially constrained by the Versailles Treaty and general economic
conditions until Hitler’s rise to power. Even then however, Germany did
not have unlimited fiscal resources.

In summary, command and control is about the flow of information
up and down the chain of command. The commander’s intent must get
to the units and information must flow back to the commander to allow
for continuous decision-making as the battle unfolds. The cycle is
continuous. Ineffective command and control of air forces greatly
hampers operations across all domains. Air Forces must get command
and control “mostly right” to avert disaster. The examination of three
nations’ journeys through the development of the command and control
of airpower will shed light on the fundamentals of the command and
control of airpower, and how preconceived notions and strategic vision

shape the forces with which a nation goes to war.
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Chapter 1
World War I

Before the start of World War I, the British, as with all the major
nations, explored how the new airplane would affect war. Since the time
of the balloon, “airpower” served to gather information to help a
commander make a decision. Tentative steps before the war
demonstrated the airplane’s capabilities in the command and control
role. Large numbers of aircraft conducting various missions and an
enemy determined to stop those missions led to a need to orchestrate
airpower. When war started, those tentative steps became a sprint, both
on the continent and in the defense of the UK. By the end of WWI, the
British had developed the concepts and system that served as the model

for all subsequent US and UK command and control systems..

The United Kingdom Before The Great War

In 1890, the British War Office created the Balloon Section as part
of the Royal Engineers. The invention of heavier than air flight in 1903
led to rapid changes in air power ideas that resulted in organizational
changes. On 1 April 1911, a newly created Air Battalion replaced the
Balloon School, consisting of a Headquarters and two companies, one for
kites and balloons (Airships) and another for airplanes.! On 27 February
1912, the cabinet approved a report from the technical subcommittee of
the Committee of Imperial Defense and requested the King’s permission

to establish a Royal Flying Corps (RFC) with two wings; Military and

1 Sir Frederick Hugh Sykes, Aviation in Peace and War (London: E. Arnold & Co., 1922), 19, 22,;
Thompson, The Royal Flying Corps, 22.; Philip Joubert de la Ferté, The Third Service; The Story Behind
the Royal Air Force (London: Thames and Hudson, 1955), 5.; Charles Frederick Snowden Gamble, The
Air Weapon, being some account of the growth of British military aeronautics from the beginnings in
the year 1783 until the end of the year 1929 (London: H. Milford, Oxford University Press, 1931), 126-
127.; John Howard Morrow, The Great War in the Air: Military Aviation from 1909 to 1921
(Washington: Smithsonian Institution Press, 1993), 12.; Lee B. Kennett, The First Air War, 1914-1918
(New York: Free Press, 1991), 8.; Walter Alexander Raleigh and H. A. Jones, The War in the Air; Being
the Story of the Part Played in the Great War by the Royal Air Force, Vol I. (Oxford: Clarendon Press,
1922), 142.
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Naval, effective 13 April 1912. The Air Battalion merged into the RFC to
become the Military Wing. The Naval Wing soon referred to itself as the
Royal Naval Air Service while the Military Wing simply became known as
the Royal Flying Corps.2 As in the United States, “the Corps quickly fell
victim to inter-service ambition and to departmental jealousy.” This lack
of coordination between the Military Wing and the Royal Naval Air
Service was a driving factor in the creation of the Royal Air Force (RAF)
on 1 April 1918,3 but service fighting continued throughout the 1920s,
1930s, and 1940s.

Mirroring airpower’s development across all nations,
reconnaissance was the airplane’s original role within the RFC, but
naturally other roles emerged, mainly driven by the outbreak of war in
1914; night flying, photography, artillery cooperation, bombardment,
attack, and air superiority.*

During the French maneuvers in 1911, the British observed
aircraft conducting reconnaissance, artillery controlled fire, and
photography. They also noted several lessons during the Italo-Turkish
War 1911-1912: “first, that thenceforth no nation could afford to go to
war--as Turkey did--with a marked inferiority in aerial strength;
secondly, that the use of aircraft had a great moral effect; thirdly, that
aeroplanes could suffer a good deal of punishment without vital damage
being inflicted to their structure; and fourthly, that the strength of an air

force was largely dependent upon the efficiency of its ‘ground

Z Gamble, The Air Weapon, 162-169.; “Memorandum on the Organization of the Air Services, by
Lieutenant General Sir David Henderson, July 1917,” The Airpower Historian Vol I1I, Number II, (July
1956): 143-145.; Sykes, Aviation in Peace and War, 22-23.; Thompson, The Royal Flying Corps, 26.;
Joubert de la Ferté, The Third Service, 12.; Raleigh and Jones, The War in the Air, Vol I, 198-199.;
Morrow, The Great War in the Air, 40.

3 Walter Alexander Raleigh and H. A. Jones, The War in the Air; Being the story of the part played in the
Great war by the Royal Air Force, Vol V. (Oxford: Clarendon Press, 1935), 210, 445.; Gamble, The Air
Weapon, 169.; Sykes, Aviation in Peace and War, 23, 94.; Kennett, The First Air War, 1914-1918, 8.;
Thompson, The Royal Flying Corps, 105.; Terence H. O'Brien, Civil Defence (London: H.M. Stationery
0ff,, 1955), 9.

4Joubert de la Ferté, The Third Service, 31.; Thompson, The Royal Flying Corps, 24.; Sykes, Aviation in
Peace and War, 38, 40.; Raleigh and Jones, The War in the Air, Vol I, 260.
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organization.”> Each of these four lessons influenced British airpower
thinking through World War II with the fourth setting the foundation for
command and control.

The French maneuvers and the Italo-Turkish War resulted in a
September 1912 War Office memorandum entitled Employment of Royal
Flying Corps on Army Maneuvers. It stated aircraft probably had a variety
of uses, but its primary function is gathering information for ground
forces. Maneuvers conducted that September and the Balkan War of
October 1912 - May 1913 resulted in additional observations. Those
observations were: 1) troops could not move without being spotted from
the air, 2) the “urgent need for a quick and dependable method of
communications between aircraft and ground troops, and also between
the pilot and the observers,” and 3) the need to have highly trained
observers.°

An update in 1913, Employment, stated the RFC-Military Wing’s
main duties were to “provide special faculties for observation and the
rapid communication of information” and “as a rule work under the
direct orders of a general head-quarters as army troops.” It could
conduct independent missions or be detached, but should still work as a
combined arms team. Maneuvers in 1913 validated the observations.
Despite the lack of reference to artillery spotting in the regulations,
experimentation began in August 1913 using lights and smoke bombs as
a means to communicate.” The “rapid communication of information”
required a command and control system.

Numerous debates regarding gaining air superiority or command of
the air occurred within the British military before the war. Captain C. J.
Burke, writing in the Journal of the Royal United Service Institution

(JRUSI) in December 1911 believed, “there will be a struggle for the

5 Gamble, The Air Weapon, 139.; Thompson, The Royal Flying Corps, 24.
6 Gamble, The Air Weapon, 193-197.
7 Gamble, The Air Weapon, 226, 237.
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supremacy of the air.”® It was not just younger officers foreseeing the
need for command of the air. A British general observed after the 1912
maneuvers, “Personally, I think there is no doubt that before land
fighting takes place, we shall have to fight and destroy the enemy
aircraft. It seems to me impossible for troops to fight, while the hostile
aircraft are able to keep up their observation. That is to say, warfare will
be impossible until we have mastery of the air.” Major Frederick Sykes
similarly stated that command of the skies was necessary “in order to
obtain information ourselves and to prevent enemy air reconnaissance
from doing so.”10 Conversely, others such as Colonel Hunter-Weston
questioned the ability to gain command of the air, believing hostile
patrols would meet and fight, but because it was aerial warfare, both
pilots would die.!! Major General R. M. Ruck writing in June 1914 did
not see the possibility of getting command of the air, viewing the primary
defense against attack as attacking the enemy.!2 This very thought would
be the foundation of British doctrinal thought through World War II.
Nonetheless, air forces had already begun actively discussing the concept
of having to control the air or at least deny it to others.

The British were aware of French and German efforts to arm their
aircraft. In 1912, Lieutenant F.L.M. Boothby discussed the need to arm
aircraft in order to drive away other aircraft so observation aircraft could
conduct their mission.13 The British began exploring various options in
January 1913. The first tests, conducted on 27 November 1913, used an

American Lewis gun from a basket hung underneath the aircraft to shoot

8 C. ]. Burke, Captain, “The Aeroplane as an Aid to the Solution of Existing Strategical Problems,”
Journal of the Royal United Services Institution Vol LV (December 1911): 1627.; Great Britain. Offence
versus Defence in the Air. ([S.1.]: Printed in France by A.P. and S.S. Press, 1917), 1.

9 Kennett, The First Air War, 1914-1918, 64.

10 Kennett, The First Air War, 1914-1918, 64.

11 Burke, “The Aeroplane as an Aid to the Solution of Existing Strategical Problems,” 1634.

12 Louis Jackson, Colonel, “The Defence of Localities Against Aerial Attack,” Journal of the Royal United
Services Institution Vol LVIII (June 1914): 720.

13 F, L. M. Boothby, Lieutenant, “Aircraft for Sea Service,” Journal of the Royal United Services
Institution Vol LVI (June 1912): 752.
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at a ground target.1* By October 1913, the opinion of the Secretary of
War was a matter of official record; the reconnaissance mission required
mastery of the air.15> By the time World War I began, despite the primary
mission being reconnaissance, the British military discussed and

explored other missions.

The United Kingdom During the Great War

Organization

Initially, Major General Sir David Henderson commanded the RFC
in France until August 1915, when Brigadier General Sir Hugh
Trenchard took command.!® The commander of the RFC had a dual role;
to command the air forces and to serve at the General Headquarters as
the lead air advisor to the Commander—in-Chief. The air force
commander was to be co-located near the Commander-in-Chief to
develop the air plan in conjunction with the military commanders. With
an overall plan developed for the main objective, the air units planned
the details in support of the military operation.1?

Despite working closely with ground commanders and de-
emphasizing independent air operations, the British Army Corps and
then Army Commanders each wanted air forces to be “at their disposal
for observation and photography,” exhibiting, in the words of Air Chief
Marshal Sir Philip Joubert de la Ferte, a “private air force” mentality.
This led to a dispersion of air power and inability to concentrate when
needed to affect the battlefield. He perceived that the Germans did not
experience this problem, noting British Army Commanders should have
understood “the principle of war, ‘Concentrate at the decisive point and

time’ was just as applicable to the RFC as to the Army.”18 RFC

14 Gamble, The Air Weapon, 244.

15 Gamble, The Air Weapon, 245.

16 Joubert de la Ferté, The Third Service, 31-32.

17 John Slessor, Air Power and Armies (Tuscaloosa: University of Alabama Press, 2009), 87-88.
18 Joubert de la Ferté, The Third Service, 34-35.; Raleigh and Jones, The War in the Air, Vol I, 434.
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Headquarters retained command and control of the strategic
reconnaissance and bombardment missions,!? while Corps Squadrons
conducting observation and artillery spotting were allocated to the
Corps.20 This prevented the parceling of air power into what was then
already termed “penny packets,” allowing the Army to control airpower
needed for direct observation and artillery spotting, while the RFC
concentrated the remaining airpower to conduct offensive operations,
bombing, or localized air superiority missions.21

On the home front, Sir Winston Churchill took it upon himself and
the Admiralty to provide for home defense since “something must be
done. We cannot have Zeppelins sitting over Whitehall dropping bombs.
It is a War Office responsibility, I know. But, they have all their work cut
out to keep the Army going in France. They are strained to the utmost,
and I am quite certain they can give this matter no attention, nor can
they spare the men.”22 Hence, beginning in September 1914 the
Admiralty led the defense of Great Britain from air attack.23 It had
experience in this area. In 1912, the RNAS set up sea stations along the
coast and the Admiralty, then also under Churchill, set three aircraft
requirements; an overseas plane that could be launched from a ship, a
scouting plane, and a home service plane to repel any enemy.?* On 10
September 1915, the Admiralty consolidated all anti-aircraft artillery
(AAA) under a single commander. Unlike the RFC, the RNAS believed
AAA and searchlights were sufficient for defense, viewing the aircraft as

having a subordinate role mainly due to standing airborne patrols being

19 Joubert de la Ferté, The Third Service, 35.
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21 Thompson, The Royal Flying Corps, 85-87.
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Exposed. (London: Sir I. Pitman & Sons, 1928), 163.

23 Edward Bailey Ashmore, Air Defence. (London: Longmans, Green and Co., 1929), 18.; Morrow, The
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(London: Putnam, 1984), 8.
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too costly in terms of fuel, maintenance and manning.2> This was a step
backwards from an earlier Admiralty policy in 1912 of using aircraft for
home defense purposes.26 The RNAS did not think of using a command
and control system to detect enemy aircraft and communicate
information to aircraft on alert. This defensive schema relying only on
searchlights and AAA proved ineffective.

Public fears of an attack by German Zeppelins on London became
reality, resulting in the creation of the London Air Defence Area (LADA) in
late 1915.27 The War Office and Admiralty continuously fought over who
should control the important Home Defense and Air Defense mission.28
Infighting and inefficiencies led to consolidation on 16 February 1916,
with Home Air Defense transferred to the Army under Field Marshal Lord
John Denton Pinkstone French, Commander-in-Chief, Home Forces.29

The Admiralty relinquished control of aircraft defense and a new
anti-aircraft section came into being, responsible for home defense,
intelligence, AAA, and searchlights.30 At the end of 1916, AAA and
searchlights within the London Area fell under a single commander, Lord
French. Previously, they resided under seven subordinate commanders
under the General Officer Commander (GOC) London District for training
and under Lord French, the Field-Marshal Commanding-in-Chief for
operations.3! Now, as with all other Home Defense units across the
United Kingdom, they reported to a single commander.

Despite the continued and gradual improvements in air defense

and the underlying command and control structure,

25 Cole and Cheesman, The Air Defence of Britain 1914-1918, 37.
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27 Joubert de la Ferté, The Third Service, 44.
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On 7 July, 1917, a flotilla of German aircraft

raided London in broad daylight, serenely,

insolently, with practically complete impunity.

That raid led more than any other single event to

the transformation of the Air Board into the Air

Ministry which we have today. It was one of the

big, dramatic, decisive incidents in history.32

This event left an indelible mark on the British, serving as the
spark to the creation of a new command and control system for airpower.
Because of the raid, the British established a committee led by
Lieutenant General J.C. Smuts to examine air defense.33 The Smuts
Committee released a two-part report on 19 July 1917, the first on air
defense, and the second regarding a future independent air service. It
recommended a single officer with air experience under Commander-in-
Chief Home Forces to command LADA, the consolidation of AAA, aircraft,
searchlights, observation posts, and the ability to control them to repel
an attack.3* That officer was Brigadier General E. B. Ashmore, appointed
on 5 August 1917.35 He remained the leader of a unified command and
control system for the defense of Great Britain for the rest of the war.
Processes
From almost the beginning, the British viewed offensive operations

as the best use of airpower and the best way to achieve air superiority to
enable other operations; offense is the best defense.3¢ Churchill
expressed the concept of “forward air defense” in his 5 September 1914
Air Defense Memorandum stating, “the great defence against aerial

menace is to attack the enemy’s aircraft as near as possible to their point
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of departure.” He called for forward bases in France to attack German
airfields, to be in constant telephone and telegraph contact with overseas
squadrons, and have an intercepting force interconnected with
communications.37 Churchill clearly enunciated the need for a command
and control system.

The prevailing thought was “no defence, however skillfully
arranged, can prevent some of the attacking aircraft from getting through
and reaching the vicinity of their objective. The modern aeroplane is
possessed of great range, great speed, is an exceedingly accurate
weapon, and is not easily intercepted.”38 Aviators thought the sky too big
to defend, and if the enemy knew an area had defenses, it would simply
attack another area.39 Even with enough aircraft for both offensive and
defensive operations, aviators of the time thought attacking aircraft
would still get through.4? This idea may be the reason for Trenchard’s
offensive doctrine.4! Sir Philip Joubert de la Ferte claims Trenchard did
not initially support strategic bombing or independent air operations over
providing support to ground troops.+2

Experience confirmed the British doctrinal concept of the offensive-
defensive and the difficulty of the defense against air attack. During the
first year of the war, aircraft or AAA destroyed not a single Zeppelin, but
attacks destroyed six in their sheds.*3 In fact, firebombs released from
above a Zeppelin over Ghent brought down the first Zeppelin because at

the time, British defensive aircraft did not have guns.4* The Battle of the
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Somme demonstrated that concentration and offensive action led to air
superiority and air superiority in turn was a tremendous benefit to
ground operations.4> All these events seemed to confirm prewar doctrinal
concepts.

Interestingly, in Volume V of the official history, written in 1935, H.
A. Jones described the airplane as an offensive weapon. He
acknowledged the need for defensive aircraft, but used defensively, the
aircraft just became another anti-aircraft weapon. In defense, the aircraft
had no initiative, limited in scope by its radios. Finally, “that is to say,
the only defense in the air likely to be effective in the long run is an
offensive more powerfully sustained than that conducted by the
enemy.”*® Jones clearly disregarded the role aircraft played in the
defense of Great Britain in the First World War probably because the idea
of using aircraft in a defensive schema did not fit the doctrinal construct
the RAF and Air Ministry wanted to shape during the inter-war period.
The concept of offensive operations for defensive purposes would
continue to dominate British thinking and planning through World War
II and nearly preventing the development of the robust command and
control system that saved Great Britain from defeat.

Events on 22 August 1914 highlight the value of airpower and an
effective command and control system to ground forces, for it was RFC
reconnaissance flights that discovered the advance of General Alexander
von Kluck’s German First Army near Mons, Belgium. Early in the war,
General Douglas Haig also relied on aircraft noting on 7 September 1914,
“l sent reconnaissance by aeroplane wide on the East and NE. They

returned at 7 am and said fog in the valley prevented them from seeing.
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But by 10 am they gave me useful information showing the Germans all
on the move northwards except some Cavalry & guns.”#7

As the war progressed, command and control grew in importance.
Prior to the war, support to ground troops was not heavily explored. In
1915, the RFC conducted experiments with contact patrols to provide
direct support to ground troops, but did not employ them until the Battle
of the Somme in July 1916.48 Contact patrols helped commanders track
attacks and enemy reactions, and relayed messages to keep information
flowing between front-line units and headquarters, proving especially
helpful when telegraph lines were cut due to artillery fire.#® Contact
patrols eventually evolved to attacking enemy ground troops with
machine guns.5° While contact planes were effective, air-ground
coordination was not good. The introduction of tanks led to new attempts
at coordination with aircraft via wireless, but those proved impractical
due to the state of wireless technology.5!

Other aircraft worked directly with artillery. Despite some early
experiments before the war with artillery spotting, by early 1915, air and
artillery cooperation was still problematic.52 To improve cooperation and
improve the flow of information, the RFC created liaisons between
aircraft and artillery units.53 Aircraft, infantry, and artillery
communicated with flares, lamps, panels, message bags, klaxon horns,

signal sheets, Morse code, and wireless.5%
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The idea to defend against aircraft with other aircraft along the
frontier using an efficient telephone service to coordinate action did not
emerge because of war; those discussions took place as early as 1911.55
Nonetheless, war propelled theoretical discussions into a plan of action.
Air services on both sides quickly learned the advantages of a command
and control system for defense by creating elaborate warning systems;
spotters relayed information, sending reports by telephone to plotting
centers and then to fighter units.5¢ In France, the aircraft and anti-
artillery services worked together to defeat enemy air attacks. Aircraft on
ground alert launched to repulse enemy attacks or at a minimum disrupt
enemy bombardment to minimize bomb damage, after AAA listeners
phoned in information on incoming enemy aircraft to aerodromes.>”
Commanders received information to include detailed maps depicting the
overall air situation, similar to the following description provided in the
Coast Artillery Journal.

Paris Headquarters had a large map on which
was kept posted data showing the locations of
the invading planes so that the number of
planes and routes being taken were known and
followed. Batteries were located on this map by
small maps; red glowing indicated that batteries
were in action; blue that they had ceased firing.
Another map showed the cities having
antiaircraft defense throughout France, on
which a similar system of red and blue lights
indicated at a glance the progress of raids.>8

This large map gave the commander a visual picture of the situation,
allowing him to make critical and timely decisions regarding the defense

of Paris.
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The development of warning systems and the integration of AAA
and fighters forced German bombers into night operations in order to
continue to fly with acceptable loss rates. While day bombing did not
disappear, it became much more limited.>® When day bombing did occur,
Trenchard had to commit half his force to attacking enemy airfields to
deal with enemy air defenses and escort his bombers to keep losses at a
minimum.® The RFC conducted its first bombing escort mission in late
1915.61

These results mirror the German experience. For example, of the
estimated 500 German planes sent to attack Paris, most did not succeed.
Flying over allied lines triggered the early warning system spanning from
the front lines to Paris, allowing the allies to blunt the air attacks on
Paris.62

While a command and control system was sprouting on the
Western Front, in Great Britain, the development of the first observer
system occurred through trial and error, despite considerable pre-war
thought on the subject. The British public also played a role in forcing
the government to take action. Daylight raids frightened the populace,
which they obviously deemed unacceptable.®3 After an attack by German
airships in May 1915, London Air Defense Area (LADA) came into being
in September 1915 under Admiral Sir Percy Scott.64 LADA initially
consisted of an observer screen on the coast to London, which included
mobile guns and lights on the outskirts of London.®> At first, London
police bore responsibility for spotting enemy aircraft and reporting it to
the Admiralty. The information then flowed to the War Office, to Scotland

Yard, the Railways, and the Speaker of the House of Commons, and
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finally to the AAA and searchlights units.66 Later the Chief Constables in
the counties assumed responsibility for observation. These observation
posts kept each other and the Admiralty informed as best as possible,
but congested telephones due to bad reporting procedures slowed the
system down resulting in late or inaccurate information reaching the
proper authorities.6”

In Britain, the observer posts linked to a control room in the House
Guards.%8 Information on enemy activity arrived at the operations room
from stations, observer posts, searchlights, gun positions, or aircraft.
Personnel then sorted and plotted the information and sent it to Aperfield
for transmission to airborne aircraft. This system served as the
forerunner of sector control.®® In the operations room, the plotting table
had aircraft symbols to help decision makers visualize the information. A
painstakingly detailed manual paper record keeping system slowed the
process tremendously. Information flowed more quickly once plotters
used headsets and linked directly to the information centers transmitting
the information.”® While accuracy was naturally important, the British
found the value of information was also highly correlated to the speed of
information flow.71

Overall, ineffectiveness led to revisions on 25 March 1916. Great
Britain had eight warning areas with a warning controller, who was the
AAA commander, located at a central headquarters representing the
Commander-in-Chief in each of the warning areas. Each warning area
had several warning districts. The system relied on the existing telephone

infrastructure to tie together the observer posts and AAA positions for

66 Pile, Ack-ack, 46-47.; Ashmore, Air Defence, 5.; Cole and Cheesman, The Air Defence of Britain 1914-
1918, 12.

67 Ashmore, Air Defence, 5.; O'Brien, Civil Defence, 8.; E. B. Ashmore, Major-General, “Anti-Aircraft
Defence,” Journal of the Royal United Services Institution Vol LXXII (February 1927): 9.

68 Graham Wallace, R.A.F. Biggin Hill (London: Putnam, 1957), 36.

69 Wallace, RA.F. Biggin Hill, 43-44.

70 Wallace, R.A.F. Biggin Hill, 45-46.

71 Raleigh and Jones, The War in the Air, Vol I, 247.

26



which the warning controller was responsible. At first, unfit soldiers
operated the observer posts, but a switch to using police improved the
system. This had the added benefit of tying the military defensive
network to the civilian warning system.72

Over time, better radios, ground signaling, reporting procedures,
improved massing of aircraft, and the ability to roam areas or flex as
needed improved the system incrementally. Despite creating an
integrated defensive command and control system, problems still existed
as evidenced from the lack of AAA and fighter cooperation in defending
London in May 1917 and night intercepts were still near impossible
unless searchlights stayed on bombers for several minutes. No
technology existed to assist with night intercepts. Nonetheless, the
purpose of a well built command and control system for air defense was
to make bombing prohibitively expensive and stop the attacks.”3

Following the release of the Smuts Report, Ashmore took command
of LADA based on his background in defense and command and control.
On 20 October 1915, the King of England visited then Colonel Ashmore’s
command in France. Charged with the King’s protection, Colonel
Ashmore established a no fly zone over the King’s lodging, protecting it
with air patrols. These patrols however missed an unmarked civilian
Henry-Farman aircraft that flew over the King’s lodging while Colonel
Ashmore watched the whole affair.”4 The event led him to conclude
airplanes “are impotent in defence unless they are helped by an elaborate
and far-reaching system of observation and control on the ground.” From
this he developed a system that included the creation of an Observer
Corps, soon known as the Royal Observer Corps, connected via

telephone, and using primitive sound locators.”> Philip Joubert de la
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Ferte would claim the Germans copied the system during the Great
War.7¢ There is no evidence however the Germans were aware of these
British early warning and basic command and control concepts. In fact,
Ashmore himself credits the Germans with already understanding the
vital importance of command and control and applying it as early as
1916, while Britain would take another two years before getting it right.””

The London Air Defense Area included the “anti-aircraft commands
of London, Harwich, Thames, Medway, and Dover, with the Eastern
Command detached defences.””® Upon assuming command, Ashmore
created a 20 nm outer AAA zone to complement the inner AAA ring near
London with aircraft patrolling between the two zones. A 25-mile ring of
searchlights ran from Northumberland to Sussex to assist finding enemy
aircraft before they passed through the AAA and then fighter areas. The
flying squadrons controlled their aircraft, using the existing telephone
lines.” Once airborne, fighters relied on the last known information,
ground panels, and eventually wireless to make an intercept. Ashmore
also had mobile AAA, RFC aircraft, and the observation posts of the
Royal Observer Corps in districts east of Grantham-Portsmouth made
available to him.80

Ashmore created a reporting system with observers to send
information to a central location using the existing telephone
infrastructure. All searchlights, aerodromes, and guns connected to 25
‘sub-control points’, each utilizing a large-scale map manned by plotters.
Plotters received information and tellers told it to the next level, LADA.
The sub-control points connected to LADA which utilized a large map to

make strategic defensive decisions.8!
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Information arrived via telephone lines into the headquarters
operations room to the duty officer. The operations room had a map with
the warning districts. The maps had lights on it, similar to the one used
for the defense of Paris to indicate affected areas and units. Messages
went out to AAA, searchlights, and aerodromes where aircraft sat lined
up on runway alert ready to launch. Upon confirmation, fighters
scrambled to attempt an intercept. A second wave of aircraft launched
when the first aircraft reached minimum fuel.82

Detection methods varied and improved remarkably over time. By
1917, the Intelligence Branch could plot raiders minute-by-minute based
on information received from ground observers. Ground observers plotted
enemy aircraft locations based on sight and engine sound while gun
locations also had their own maps with plotters who told the information
to the sub-control and command headquarters.83 While aircraft could be
airborne within 10-15 minutes of notification from the Coastal Warning
Service, fighters still had a very hard time picking up aircraft.84 Ashmore
later recalled,

the defenders left the aerodromes without
organization, and once in the air received no
help from the ground. The bulk of our pilots did
not succeed in finding the enemy at all, and it is
in this point that lies the main problem of
defence. Owing to the difficulty of picking up one
aeroplane from another in the air, it is essential
to give information from the ground, where
observation is easier and aircraft can be seen at
far greater distances. And, to render this
information timely and effective, a great system
of ground observation, communication and
control is required.8>
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Hence, one of the greatest problems was the inability to find other
aircraft in the air. To do so required constant, timely, and accurate
information. Not only did aircraft need early warning to have time to take
off and have space to make an intercept, it also required “a great system
of observation, communication and control.”8¢ Ashmore was not alone in
his thinking. Trenchard also highlighted the impossibility of covering the
skies with patrols, being too equipment and manpower intensive.
Trenchard thought using resources in such a manner weakened
airpower and that offense was the best defense. He too agreed with
having a command and control system to address the current
weaknesses, stating the need for “an extensive system of
communications by wireless and other means.... and it is essential that
there should be units of command over the system of patrols and
communications.”87

As already seen, aircraft took off with the latest information and
hoped for a successful intercept.88 Once airborne, fighters were under no
one’s control and intercepts were a matter of luck. Wireless would help
solve that problem,®° but before wireless, communication occurred
through a variety of means; flags, heliographs, signaling lamps, signaling
telescopes, pigeons,?9 ground panels, and radio. A ground signal system,
the Ingram code, used white sheets to form dots and dashes that pilots
could read from the air and get vectors. The system revolved around a
Letter “T,” 20-foot wide at the top, 40 foot in length, panels 4 feet wide
and 8 foot diameter dots positioned in different locations around the “T”

to indicate various pre-scripted information. It was very slow and pilots
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needed extensive training to read the dots and dashes.?! Ground panels
helped guide fighters but were not very useful, especially at night.

Air defense aircraft also used signals within pre-arranged patrol
areas in order to help mass aircraft to attack incoming bombers. The
concept was to break up the formations and divert them to minimize
damage. In fact, a 31 May 1917 Home Defence Group letter to units
stated “Any delay a home defence pilot can cause by compelling an
enemy to defend himself, or compel him to decrease his height by forcing
combat upon himself will be of the greatest value to the defence
organization as a whole.”2

Despite the rapid changes, the defense was still powerless and
could not properly defend against an October 1917 German bomber raid.
The bomber did get through.®3 By early 1918, ground stations still could
not control aircraft and AAA still engaged friendly fighters despite
Ashmore’s efforts at creating procedures to avoid fratricide.%4
Nonetheless, wireless had changed command and control and by the end
of the war, ground control was close to a reality. The following
description illustrates the impact wireless had on the command and
control system.

The introduction of R/T led to major
reorganization and improvements in the LADA
control and reporting system which were
formally declared operational on 12 September
1918. The main feature of the central operations
room at Spring Gardens, near Admiralty Arch in
London, was the large table displaying a squared
map surrounded by ten plotters. A dais provided
a grandstand view for Ashmore, Higgins, a police
representative, and a few senior operations
officers. Plotters received information through
telephone head-sets from 26 sub-control centres
and transferred it to the map—a disc for a single
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enemy aircraft and a rectangle for a formation,

with arrows indicating courses if known. During

a prolonged rate different coloured symbols were

introduced to avoid confusion. Fighters were

represented by aircraft shaped counters. The

sub-control centers received their reports from

guns in searchlight sites, sound locators and the

observation posts. Ashmore had a switchboard

enabling him to cut into plotters’ lines should he

require further information or to issue

instructions to a sub-commander and Higgins

had direct lines to his fighter wings.95
Ashmore claimed to receive information in his operations room within 30
seconds of a sighting. This was a remarkable improvement from the
earlier system. He also believed wireless increased the chance of
intercept fourfold.%¢

Another experiment in August of 1917, to track enemy aircraft,
involved “tracker aircraft.” With a wireless telegraph system on board,
tracker aircraft passed enemy aircraft location via Morse Code to ground
stations for them to plot and track. Information included location by Grid
Square, direction, number, and time, but no height data. At night this
system did not work. Trackers did not fight, but kept a lookout. Although
deemed too expensive, another system envisioned using continuous
bearings to track enemy aircraft via many ground sound stations
(discussed later).97
The British introduced air intelligence units after the Battle of the

Somme to gather as much information as possible for the Army.
Intelligence sections compiled reports from pilots and observers,
interpreted photos, compiled maps to show enemy location, detailed

maps for Contact Patrols, and created Bombardment Effect Maps that

showed battery commanders the damage inflicted by their batteries.%8
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They also supplemented the RFC’s early warning network of
observers with intelligence. Before the war, the British had foreseen the
ability to intercept and exploit radio communications. They therefore
prepared for the eventuality with code®® and developed procedures to
exploit German radio. “Compass Station,” the Army’s radio intercept
units, intercepted German radio transmissions before and during battles
and were used to conduct intercepts. Information on enemy air activity
flowed from these stations to Army headquarters and then via telephone
to aerodromes to scramble fighters. Beginning in November 1916, once
airborne, ground controllers with cloth panels directed the fighters.100

The command and control failure at the Battle of Amiens led to the
creation of an offensive version of the Compass Stations called the
Central Information Bureau (CIB). It monitored enemy air activity, used
the information to conduct intercepts, and provided information to
contact aircraft either via visual means or radio. It also kept aircraft on
alert with an average time over target of about one hour. American forces
praised the system and the timeliness.101
Technology
Sound Detectors

A way to detect and track an aircraft accurately while also being
portable, rugged, and easy to use by the average soldier!92 became the
fundamental requirement to not only provide for an effective defense, but
also to direct aircraft for a more effective offense. It took almost 20 years
to develop such a device; listening devices were an intermediary step.

Listening devices or sound locaters were first used in WWI and

initially the only practical way to detect aircraft outside visual range.
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They were a means to give gunners more time to prepare for a shot and
assist in locating aircraft at night.103 The French were the leading
developers of the technology, transitioning through various types that
focused incoming sound to pinpoint direction.194 These devices worked
on the principle of detecting a difference in the phase of sound waves.105
Sound locators functioned by using the binaural sense. For example,
“when a normal person hears a sound, he instantly knows, within 10
degrees, the direction from which it comes.”1% The sound locator used
the binaural function to allow an operator to determine the angular
position of an aircraft and approximate its distance. Sound detectors
function because approximately half of the sound emitted from aircraft
emanates from the wings, struts, and propellers and the other half from
the engine. Shutting off the engine and gliding, a tactic used, did not
eliminate aircraft noise.107

By the end of the war, all belligerents used them extensively to
chart aircraft raids, especially at night. Listening posts were set up
around important areas to detect aircraft noise, proving especially helpful
in bad weather and at night.198 The most used device during and
immediately after WWI, the Perrin Telesitemeter, had a claimed mean
error of only .13 degrees, making it the most accurate device.!9° Four
types of sound locators existed: large diaphragms where microphones
collected the sound, parabolic reflectors or sound mirrors, multiple coned

devices, and the exponential horn. The diaphragm, reflectors, and sound
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mirrors were generally large, immobile, and the microphones of the time
fragile. The multiple cone collector lost energy as the sound progressed
through long tubes. The exponential horn was small enough to transport
and retain much of the sound energy!1? and would be what most
countries relied on until the advent of radar.

Night attacks drove sound locator development, with the first
sound detectors built for the defense of London in 1915.111 The first
listening device was a pole with two megaphones or trumpets on each
end of it at right angles, amplifying sound seven to ten times. A tube ran
down from each megaphone to a man with a stethoscope. A compass
affixed to the center and pivot point indicted bearing after a man, usually
a blind man, turned, and then stopped when the sound was strongest.
Only home defense, not the front, used blind men. Adding vertical
mounted megaphones gave elevation. These devices had about a 5-mile
detection range and an accuracy of about .58 degrees.112

Some systems had as many as 24 trumpets to help collect sound
from aircraft out to 10,000 yards.113 The French attempted to build
smaller parabolic reflectors with microphones, but could only get 5-6
miles detection range with these devices.!14 In another attempt to
increase detection range, Professor T. Mather and J. T. Irving cut a 16-ft
diameter parabolic reflector into a chalk quarry in Kent. Tests in July
1915 indicated this device could pick up aircraft 10 miles away.

Nonetheless, it was not good enough for the War Office to purchase.!15
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In 1916, the British formally established the Anti-Aircraft
Experimental Section to develop short-range acoustical devices and in
June 1917 established the Acoustical Research Section to develop an
electronic long-range aircraft detector for night operations.116

One area investigated was the use of large sound mirrors. These
were large 15 feet diameter holes, cut into stone walls, covered with
concrete, and connected with a 3-foot trumpet to collect the reflected
sound. First used in October 1917, this device detected aircraft up to 15
miles away. Another device consisted of a 20-foot plywood disc with
microphones connected to it to collect the sound. It too detected aircraft
out to 15 miles at 3,000 feet.117 Finally, Lieutenant William Tucker and
W. L. Bragg, inventors of the hot microphone, built a parabolic sound
reflector along the cliffs from concrete and used a microphone to capture
sound reflected from the concrete.118

Another system used a fixed disk system that recorded ground
speed and height of aircraft flying overhead and then sent the
information to a central location. It consisted of concrete cylinders with
sound disks and microphones. Three, placed within a mile of each other,
tied into the central location. Only three systems were built during the
war due to cost and effectiveness.119 Finally, early experiments with
infrared occurred during the war, but nothing came to fruition.120
Overall, sound locaters were ineffective, however during the war and for
many years after it was the only way, besides an observer corps, to
provide early warning.!21

Radios
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Air-to-air and air-to-ground communication development, to
include wireless, occurred before World War [.122 Wireless stations
already existed for ground-to-ground communications,123 but were
initially inadequate for successful battlefield use at the start of the war.
This was due to both the state of the technology, hardware and spectrum
wise, and the resistance of many within the Army with the exception of
the RFC and Royal Engineers.124 Until wireless performance improved,
other early communications methods included pigeons, panels (told
sector location, number of aircraft, and direction of flight), and dropped
messages. 125> Morse Code was first transmitted from air-to-ground in
1910.126

Aware of experiments in the United States with wireless on aircraft,
the British conducted more wireless experiments with aircraft in 1912,
but sets were still too heavy (250 pounds) and noisy to be useful.127
Initially, radios fit only in airships.!28 By the start of the war radio size
decreased to about 75 pounds, but still filled up the entire observer’s
cockpit.

The radio’s importance was such that Trenchard established
requirements for an air-to-air radio early in the war.!2° However, the
Royal Aircraft Establishment and the Post Office Research Station split
responsibility for radio development.130 After poor results from the Royal
Engineers, the RFC organized a research detachment in early 1915 at

Brookland, called the Wireless Testing Park, under Captain L. E. Prince,
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RFC.131 Aircraft wireless experiments began that same year.132 The
Wireless Testing Park moved to Biggin Hill Aerodrome on 12 December
1916, becoming the Wireless Experimental Establishment at the end of
1917.133 [ts task was to develop reliable communications for air-to-air
and air-to-ground operations to speed up the communications process
and provide a way to direct fighters. Wireless sped up the process by an
estimated threefold.134

By July 1915, the Wireless Testing Park at Brookland developed a
working air-to-air radio. Captain Prince took a device to allow wireless-
telephony or broadcast and turned it into a piece of equipment robust
enough for inflight use. Then Major Hugh Dowding saw a demonstration
and arranged for a visit by the Chief of Staff. The radio achieved a 20-
mile range, but the High Command did not recommend its adoption. The
work conducted however, did lead to ground—to-air telephony and then to
air-to-air telephony. The research conducted by the RFC became so
important to operations that despite the rivalry between the two flying
wings, the RNAS shut down its research in 1917 to concentrate all
research at Biggin Hill.135

Many pilots did not like the new sets; they just wanted to fly and
kill Germans. The Germans on the other hand became aware of the set
and offered reward money for one. The US, aware of work at Biggin Hill,
received a several day tour of the Wireless Experimental Establishment.
After the war, the US Navy received D/F sets from the British to
accomplish the first aerial crossing of the Atlantic in 1919. Lieutenant

Commander Read said the D/F equipment made the flight possible.136

131 Wallace, R.A.F. Biggin Hill, 17-18.

132 Sheffield and Todman, Command and Control on the Western Front, 22.
133 Wallace, RA.F. Biggin Hill, 22, 27.

134 Cole and Cheesman, The Air Defence of Britain 1914-1918, 420.

135 Wallace, R.A.F. Biggin Hill, 17-18, 23, 25, 28.

136 Wallace, RA.F. Biggin Hill, 23, 25, 31-32.

38



By early February 1916, an early prototype wireless radio receiver
was developed. A transmitter on the ground could reach aircraft out to
30 miles, but aircraft still required a 150-foot trailing antenna and
soundproof headsets.137

Sir David Henderson, director general of military aeronautics, in
1917 suggested wireless devices for all aircraft to enable air-to-ground
communications because ground panels were proving ineffective. The
Admiralty rejected the idea for fear the signals would jam Fleet
communications, 138 especially intelligence direction-finding stations. The
RFC limited transmissions from a single aircraft to reduce the effect. The
weighted risk of losing information from intelligence sources weighed
against being able to talk to aircraft and direct them to stop German
attacks. Still, the Admiralty was against it and won the battle and
therefore air defense aircraft did not use wireless.

Wireless trials in April 1918 turned into operational experimental
flights.139 By May 1918, all defensive aircraft had wireless radio and
communication between air and ground was unproblematic.140 In
summer 1918, the War Office informed the Admiralty that wireless
operations had been ongoing at Biggin Hill without any complaints of
interference. As a result, air defense fighters were equipped with wireless
that summer.14!

Initially, wireless development for artillery was difficult, but
artillery’s importance drove the rapid development of workable radios so
that by the Battle of Aisne on 24 September 1914 information flowed

smoothly via wireless telegraphy from artillery spotters at an effective
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range of 10 miles. By the fall of 1915, sets were down to 20 pounds.142
Despite the continuous innovation throughout the war, weak radio
signals and tank noise made air-tank cooperation very difficult if non-
existent.143

Telephone lines were also very valuable, but fragile. Landlines had
the disadvantage of being cut, or destroyed, especially during movement
or massive artillery barrages.14* Wireless and contact planes had to
maintain the flow of communication until the reestablishment of
landlines.

By war’s end, radio use had grown exponentially, the technology
had improved tremendously, and the RFC viewed it as invaluable.
Techniques and technology now allowed aircraft to operate wirelessly
every 400 yards while co